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1 by Fr. Bagges kgl. Hofbogtrykker, Kobenhav,

Palatal Vowel Harmony: A Perceptually
Motivated Phenomenon?

Kar Suomi

Suomi, K. 1983: Palatal Vowel Harmony: A Perceptually Motivated Pheno-
menon? Nordic Journal of Linguistics 6, 1-35,

The paper attempts to determine the metivating causes of palatal vowel harmao-
ny (FVH). Previously suggested causal explanations of PVH are critically eval-
uated, especially the progressive palatal assimilation view of the origin of PVH.
Data on PVH restrctions from  Finnish and Turkish are examined
against a set of perceptually motivated working tendencies. It is shown that
PVH and “labial harmony®* are only special cases of a singie, unitary type of
restriction, statable acoustically in terms of the frequency of the second for-
mant. A perceplual theory of the causes of PV is proposed and general pho-
netic conditions for and against the development of PVH ina language are sug-
gested. On the whole, the paper is an argument for a substance-hased approach
to phonology.

Kari Suomi, University af Turku, Depariment af Finnish and General
Linguistics/Phonerics, Henrikinkaru 2, 20500 TURKL 30, Finlard,

0. INTRODUCTION

Palatal or vertical vowel harmony, as distinet from other types of
vowel harmony which will not be discussed in this paper (see e.2;
Anderson 1980 for an account of the formal properties of all tvpes
of vowel harmony), is the phenomenon common in Altaic and Ura-
lic languages whereby the selection of vowels in the non-initial svll-
ables of words is constrained by the vowel in the first syllable, A
common formulation of the main restriction of palatal vowel har-
mony (henceforth PVH) is that all vowels within a word must be ei-
ther front or back, i.e. they must agree with respect to palataliry.
Previously suggested explanations of the causes of PVH can be sub-
sumed under two broad classes. In the first class of proposals a sup-
posedly universal, physiologically based principle of saving muscular
effort is invoked to account for the non-combinability of frons and
back vowels in the same word in PVH languages, this involving (it is
claimed) a motivating saving in terms of the movements of the or-
gans of speech (see e.g. Hakulinen 1968:18; Lewis 1967:15-16). Let
me point out just two obvious objections against this tvpe of expla-
nation, one based on general typological considerations and the




other on a circumstance obtaining in PVH languages themselye
A

Firstly, then, there is the massive counter-evidence from the nop-
PVH languages of the world in which the combination of front Eﬂmﬁ

back vowels in the same word causes no problems. The claim that

PVH is caused by a physiologically determined universal tendency to

avoid extreme articulatory movements within the word immediately
raises the question why the tendency obviously fails to operate for
the great majority of languages. Clearly, a reasonable null hypothe-
sis would state that a universal tendency has similar effects across the
board. It is possible, of course, that a true universal tendency is only
triggered {or suppressed) under some further specific conditions, but
then these conditions should be carefully determined. In the case of
the present alleged universal tendency, no such motivating or inhibi-
tory conditions have been offered to explain the difference between
PVH and non-PVH languages. It seems to me thal even the weak
version of the economy of effort hypothesis maintaining a propensi-
fy towards avoiding extreme articulatory movements (as against a
necessity claimed by the strong version, see Lindblom 1980} cannot
provide a consistent solution to the dilemma. This is not to deny the
reality of the economy of effort principle as such, only to argue that
it cannot be svnragmatically extended to account for the co-occur-
rence restrictions in PVH lanpuages in the light of the counter-
evidence (while it is still possible that PVH also brings about an
amount of saving in terms of articulatory movements). Secondly,
speakers of PVH languages find it perfectly easy to pronounce non-
harmonious sequences of vowels across word boundaries (and in po-
lymorphemically interpreted compound words) even at very greal
rates while they have difficulties with pronouncing similar sequences
of vowels separated by one or more consonants as long as the vowels
belong to the same word (e.g. in loanwords critically violating the
native PVH restrictions). The word is notoriously not a well-
definable articulatory unit in normal connected speech, nor do word
boundaries usually involve abrupt breaks in the flow of articulatory
movements, and hence the ease with which non-harmonious vowel
sequences containing a word boundary are pronounced cannot be
altributed to any clear-cut articulatory difference between such se-
guences and those contained within a single word, The conclusion 15
that the difficulties encountered with non-harmonious sequences 1ot
containing a word boundary (or a transparent morpheme boundary)
are not due to constraints on articulatory movements (in the sense of
genuine language-independent limits on possible articulatory 85

.. ..._ﬂ_ tures), and while the amount of muscular energy that has to be ex-
ot o

pended in speech production (alias the principle of least effort, or
that of “*minimal articulatory antagonism"’, Lindblom and Sundberg
1971) may well operate in shaping human language, it cannot be ac-
cepted as the cause of PVH. Additional difficulties connected with
the articulatory explanation, including a particular variety known as
the theory of palatal attraction, will be pointed out below.

The second class of suggested explanations is based on an explicit
recognition of the central pesition of the word in PVH systems.
Here PVH is regarded as being caused by the function it serves to
fulfill, The function can be called a delimitative one, PYH acting as
a word boundary signal (an ‘‘aphonematisches Grenzsignal™ in the
terminology of Trubetzkoy 1971:230-251). This explanation cannot
be completely rejected since it is true that a change from one har-
monic class to another within an utterance signals the presence of a
word boundary somewhere between the non-harmonious vowels,
and that PVH thus may contribute along with the other cues to de-
limiting successive words from each other. However, PVH can at
best function in this capacity to a limited extent only, since it can
provide only a positive cue in the case of a shift from one harmonic
tlass to another at some point of an utterance. Thus, PYH alone can
never inform the hearer that a word boundary has not oceurred, nor
can it contribute to locating existing word boundaries between suc-
cessive words belonging to the same harmonic class. An argument
that reduces the attractiveness of the Grenzsignal explanation, then,
derives from the limited power potentially attached to the delim-
itative function of PVH, from the conspicuous disproportion be-
tween the function and its implementation. On the one hand we
have the word boundary signalling function performed only occa-
sionally (potentially only between hetero-harmonious words) by a
device not made use of in the majority of languages, and on the
other hand there are what seem to be too high a price for this modest
achievement, e.g. the severe restrictions on the number of possible
words for the purposes of word formation (as the paradigmatic re-
sources of vowel distinctions are constrained by the syntagmatic
fules for combinability), the resulting complexity of derivational and
inflectional morphology by way of semantically empty alternations,
ele. Nevertheless, feeling unable to reject fully the Grenzsignal ex-
Planation of the cause of PVH and acknowledging that single cause
theories seldom tell the whole truth, I must leave it to the reader to
Wweigh its relative merits against those of the perceptual theory pre-
iented below,




.—.-_ Y
A serious shortcoming common to both classes of explanatigp
discussed above is that they leave us very much in the dark as to 1

ment of PVH. In other words, while most (all?) languages haye

Jront and back vowels, why is PVH so rare? I will attempt to E_m.__,___..u | |

this question in the final section. sl
PVH has been extensively discussed in phonological theories, In
E.%nEE.q a wealth of generative descriptions of PVH systems {s
available. However, 1 have not come across explicit proposals of the
causes of PVH in this literature except for Wiik’s remark that, if ge-
nerative phonogy is conceived of as being “*mentalistic”®, then it pays
main attention to the energy expended by the brain (Wiik 1975:42),
implying that vowels defined as marked in the framework demand
more processing by the brain than unmarked ones. If this is taken to
be a suggestion for an explanation of the causes of PVH then it of
course competes with the others as a possible candidate, and it has to
be similarly evaluated against pertinent data (as a simple proclama-
tion cannot make a descriptive framework psychologically realistic).
More specifically, it needs to be shown that the formal operations
postulated by generative phonology do indeed have their counter-
parts in the operations executed by the brain. Until then this particu-
lar descriptive framework remains just one (albeit highly rigorous)
formalization of the linguistic product out of an infinite number of
alternative possibilities (and this 15 true of all descriptive frameworks
detached from the actual processes taking place in the use of ian-
guage). Generative phonologists themselves do not usually even at-
tempt to produce experimental evidence in support of their conten-
tions, Lypically regarding such information as irrelevant (or, at maost,
as pertaining to ‘mere’ performance). As it stands, the case [or the
psychological reality of siandard generative phonology seems very
weak (for a thorough assessment, see Linell 1979).

Contemporary descriptions of PVH typically operate with (nota-
tional variants of) traditional articulatorily defined vowel features
such as low-high, front-back and wnrounded-rounded (which, ac-
cording to Anderson 1980:7, “*have independent phonetic motiva-
tion and validity’). However, investigations of the positions and
movements of the relevant articulatory structures during speech pro-
duction have made it clear that the terms cannot be given a straight-
forward literal interpretation because of many discrepancies between
the classificatory use and articulatory fact. In contrast, it has been
established that there is a more systematic relationship between the

b isti i ificatory properties
ustic characteristics of vowels E& their Hn_Em_ :
_ﬂﬂwn the traditional terms may still be retained as pseudo-articula-

tory labels in fact referring to the acoustic characteristics: this prac-

tice is also followed in this paper). The standard specification of the

acoustic characteristics of vowels isin terms of the centre frequencies
of the two or three lowest energy maxima or formants (see e.g.
Lindblom and Sundberg 1971). Recently Nearey (1980) .:,E argued
for a two-dimensional specification of basic .Eim._ qualities (exclu-
ding e.g. the “‘r-colored’ vowels of }Emanﬁ msm:.m.E on _umqnm,ﬂEE
grounds, noting that the adoption of a Hﬁo.gmﬂm_nmm_ analysis has
important implications for phonology. It is likely E& the percep-
tually relevant dimensions are F1 and F2’, .En Enmmq being ...‘_ﬂ._mrﬁ
average of F2 and F3 (and possibly of higher formants). The .Hu_m
concept has been introduced by Fant (see e.g. Fant 1973) to obtain a
closer correspondence between acoustic measurements .E_.E the per-
ception of vowel quality, especially in the region of high front vo-
wels. However, while the perceptual reality of the F2' concept seems
unquestionable (Carlson et al. 1970) there are uEEnam connected
with its precise calculation from e.g. %nnﬁomqmﬁ?n data, wz,_n no
great harm should be done in the present context if the acoustically
more straightforward dimension of F2 is used instead. To REE 1o
Nearey's stimulating comments, he (Nearey Emm“m.mm,.. mﬁmemna@
questions the wisdom of treating lp rounding as an independent di-
mension of vowel guality because, like the :ma:_.u:,H &_Gé..umm._n
dimension, this feature mainly affects the position of F2 (or F2"),
roundedness in a clearly definable way reinforcing the HEEEE
backness of back vowels and unroundedness correspondingly rein-
forcing the perceptual frontness of front vowels. Even more perti-
nently, Nearey further points out the dependence of :ma__h:m:..m _E.H..
mony”' in PVH language on “*advancement harmony'’, EE Em n__.w.
ficulties connected with stating the harmonic classes of Finnish i1
terms of the traditional three-dimensional articulatory system, and
the ease with which this can be done in terms of F2 (Nearey
1980:239). o
A conventional two-dimensional specification of vowel e.wm_:w in
terms of F1 and F2 is also adopted in the present paper ds a :E”ﬁ ap-
proximation to the crude perceptual dimensions involved. H_ﬁ is likely
that the uncertainties concerning the link between the %E:m E the
acoustic signal and their perception by the hearer M:E_mz.z _uﬂm.a.,. be-
come tangible only in areas which from the point of view of 15.“
can be considered peripheral, and that a whole-spectrum approac




instead of the formant-based one adopted would entail very EE._E.“..T
consequences in this respect (cf. Bladon and Lindblom 1981). How:

ever, the precise definition and quantification of the concept of per.

ceptual distance, essential to the theory proposed in this paper, must
remain to be performed in the future. by

The distinction between typologically primary and secondary
vowels is of prime importance in the description of PYH. The former,
as is well known, include all acoustically extreme vowels (in an F1-F2
‘plot) except the fow front [@] which, together with all acoustical-
ly interior vowels (see Crothers 1978), belongs to the secondary vow-
els. It is generally agreed that the primary vowels are typologically
more common because they form the set of vowels that are percep-
tually maximally distinct from each other. To reflect this causal rela-
tionship correctly (which I will take for granted in the following), I
will use the terms strong and weak for the primary and secondary
vowels, respectively, thus referring directly to the ultimate phonetic
causes of the empirically established typological differences.

It is interesting to observe that the vowels generated by the Lind-
blom/Sundberg articulatory model (Lindblom and Sundberg 1971)
under the condition that all parameters except the degree of jaw open-
ing (i.e. lip shape, the position of the tongue tip, the shape and posi-
tion of the tongue body, and larynx height) are set to zero come
very close to the front weak vowels, ranging as they do approximate-
ly from [e] to [ii] (see Lindblom 1972, esp. Fig. 5 on p. 74). To the
extent that vowels with such an articulatorily neutral manner of pro-
duction are characterized by a maximum amount of articulatory
ease (or, conversely, minimum amount of articulatory effort), my
interpretation of the situation is that considerations of articulatory
effort involved in such simple vowels have at most negligible effects
on what sort of vowels are most favoured in the sound patterns of
the languages of the world. In other words, it seems to me that in the
case of simple oral vowels the demands for sufficient perceptual con-
trast by far overrule those of articulatory ease,

The main thesis of the present paper is that PVH is a perceptually
motivated phenomenon, prompted by the occurrence of weak vowels
in the non-initial syllables of the word. The latter circumstance
would, as such, necessitate rather precise F2 computing in the nof-
initial syllables in addition to the initial one, weak vowels typically
having nearby strong vowel neighbours on the same F1 level. In
PVH languages, however, the need for accurate vowel quality judg-
ments based primarily on differences in F2 is effectively reduced af-

ter the introductory, initial syllable of the word. This is accomplished
by developing contextual restrictions, sensitive to the vowel of the
initial syllable, on the occurrence of vowels in the subsequent syllab-
les. These restrictions, the PVH rules of combinability, limit the
choice of possible vowels differing along F2 in the non-initial syllab-
les after a given vowel in the first syllable and thus, by excluding some
paradigmatically possible vowels as syntagmatically mEﬁ”am.m.wEn or
ungrammatical, make the perceptual decision in the non-initial syl-
lables easier for the hearer.

A more detailed and substantiated account of the suggested per-
ceptual theary of the causes of PYH will be given in mmn:..un_w after
presentation of some relevant data from (the history of) Finnish E_.g
from Turkish in the immediately following sections. However, rudi-
ments of the theory are necessary for a meaningful discussion of the
data, and these are given below in the form of a number of percep-
tually motivated working tendencies to be evaluated against the da-
ta. However, let me first define a further distinction between un-
bounded and bounded strong vowels. By unbounded strong vowels I
mean strong vowels which do not have (neighbouring) weak E,u..._,nw
on the same F1 level (sharing the same specification for height) in the
syllable position in question, and by bounded strong vowels those
strong vowels that do have at least one (neighbouring) weak f_u.im_
with {approximately) the same F1 in the syilable position in question.
For example, /e/ is the only mid vowel in Turkish capable of occur-
ring in the non-initial syllables of words (irrespective of what vowel
may occur in the first syllable) and is thus an unbounded (strong)
vowel by our definition; on the other hand, three mid vowels are
capable of accurring in the initial syllable, viz. /e/, /8/ and /o/, and
bath /e/ and /o/ would count as bounded vowels in this syllable po-
sition (if indeed the distinction were relevant in the first syllable, see
below),

PVH is a “‘left-to-right’’ co-occurrence restriction, and the work-
ing tendencies are most suitably formulated as constraints un.En oe-
currence of vowels in the non-initial syllables. In the following sec-
tions the Tendencies will be frequently referred to with the number-
ing given below:

Tendency (1): The occurrence of weak vowels in non-initial syl-
lables tends to be restricted in such a way that, in ﬂinn_mﬁ_n. Fl
judgment is sufficient for their correct identification, given the
prior correct identification of the vowel in the

first syllable. In




other words, there is a tendenc i fication
r words, y to make the identification
nou-:::m_, weak dﬁinw predictable from the vowel in En.mn.mwﬂ
Eu_a. E& information on the (approximate) F1 frequency o

non-initial weak vowels themselves. The resulting eliminati n of
By

x

the need for accurate F2 computing is the motivation for there.

strictions imposed on the weak vowels. 14
Hnnn_ﬁz_n_.. .,,m,u_” Bounded strong vowels tend to be subject Em:__,wmy_m
restrictions in order to ensure the predictability of the neighbour-
+ ing ﬁﬁw vowel on the basis of the vowel in the first m_q__m_u_n..
Thus, since weak vowels are perceptually less salient than mncn.
qqu_m,. their presence in the non-initial syllables must be mmmum__uw
by particular vowels in the first syllable, and these in turn may not
be allowed to be followed by the neighbouring hounded strong
vowel. In this way the weak vowel(s) and bounded strong
vowelfs) on the same F1 level, differing among themselves along
2, enter into harmonic alternation by grouping into mutually
exclusive sets.
,EE_H,_S_ (3): Unbounded strong vowels tend to be free of PVH
restrictions, i.e. occur after any vowel in the first syllable. Since
unbounded strong vowels do not have weak neighbouring vowels
on the same F1 level, the need for accurate F2 computing _EE.:?
ported by a F1 difference) cannot arise, and hence there is no per-
ceplual motivation for restricting the occurrence of these vowels
F.m:cnm vowels on the same F1 level always being widely separated
MMMH each other along F2 or, in the case of [a], alone on the FI

I. THE DEVELOPMENT OF PVH FROM PROTO—URALIC
TO MODERN FINNISH

_.:,ﬁ historical perspective adopted in this section is necessary for the
illustration of the workings of the perceptual tendencies, especially
as they are reflected in the behaviour of the “neutral’ vowels. The
present situation cannot be understood without some knowledge of
the past stages. Needless to say, the reconstructions referred to be-
low are hypothetical constructs inevitably involving an amount of
uncertainty.

_The discussion of PVH in this section will take place in terms of
disyllabic word types because, ever since Proto-Uralic, uninflected
words have in the overwhelming majority of cases been disyllabic,

completel

and the harmonic relationships in the subsequent syllables have been

y determined by the vowel in the first syllable (for some
fluctuation in this respect in Modern Finnish after initial syllables
with only “‘neutral'’ vowels, see below). Therefore, only the vo-
calism of the first and second syllable will be given in the form /vCv/
in which C stands for any consonant (combination) and is meant to
contain the syllable boundary. For the most part [ will be dealing
with the /single/ (phonetically short) vowels only. This is a legitim-
ate simplification because the harmonic relations are practically
identical among the /single/ and /double/ monophthongs (and the
diphthongs which structurally count as /double/ vowels, homosylla-
bic sequences of vowels behaving with respect to PVH as if there
were a syllable boundary in the middle). 1 will write the vowels be-
tween the slashes everywhere, regardless of whether they should be
considered full phonemes or not. The asterisk (*) denotes recon-
structed forms and vowels. For a **family tree’” of the Uralic langua-
ges, with approximate estimates of the ages of the various recon-
structed periods, see Hakkinen (1981).

The vowel systems to be discussed will be presented in a schema-
tized form of the conventional acoustic F1-F2 arrangement along
quasi-logarithmic scales (exact Hz values are not given for obvious
reasons but the scale determines the overall shape of the arrange-
ment). For the vowels occurring in Modern Finnish the positions
indicated are approximately those valid for the /single/ monoph-
thongs (for formant data see e.g. Wik 19635), for others the posi-
tions are rough estimates based on articulatory information con-
tained in historical accounts and on general considerations of the
acoustic consequences of the major articulatory dimensions (see €.g.
Lindblom and Sundberg 1971, Crothers 1978, Nearey 1980). A
reference arrangement of the relevant vowels is shown in Figure 1 to
introduce the transcriptional conventions used subsequently (on the
whole typographical ease has determined the choice of the tran-
scripts). The enclosed area in Figure 1 encompasses the weak vowels:
/i, 6, 4, o, u/ are rounded and the others wnrounded.

According to the latest reconstruction (Janhunen 1981, see also
Sammallahti 1979, 1980) the /short/ vocalisms of the first two syl-
lables of Proto-Uralic were as shown in Figure 2, in which the left
hand side refers to the first and the right hand one to the second syl-
lable. The vertical line in both syllable positions shows the division
of the vawels into mutually exclusive harmonic sets.
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! :.m_m.ﬁ m_ hn.l ﬁﬂﬂmﬂm:r uquamnﬂm.a of .En relevant vowels in 3 conventional ac.
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explanations see the rext.
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Figure 2 q |
gure 2. The vowel systems of the first and second syllables in Proto-Uralic

words. For further explanations see the text,

ieﬂ%ﬁmm_ Proto-Uralic, .EE._. ._n_q.__m,., Jront vowels could occur in a
ith a frons vowel in the initial svllable, and only back vowels
could H,.n:oi an imtial back vowel. At this stage it indeed seems as if
palatality vs. non-palatality (as an articulatory dimension) were the
part m._=m _.umnun_ of PVH, However, let me wmmmw nE.:EnE on the
Situation in the light of the working Tendencies put forth above
(using, as was agreed, the corresponding numbering);
(1) As predicted by the first Hm:am:nu.m the weak ..,n....{n_m in the se-
cond syllable are restricted in their occurrence in such a way that
they are fully predictable from the vowel in the first #

syllable and in-

11

formation on their own F1. At this stage in fact also the strong vow-
¢ls in the second syllable are similarly predictable (only one vowel
with a given F1 being permitted after a given initial vowel). As will
be seen below, the predictability later became less powerful with the
introduction of more vowels into the second syllable. Nevertheless,
the situation shown in Figure 2 clearly indicates that PVH effectively
eliminates the need for accurate F2 computing in the non-initial syl-
lahles.

(2) The bounded strong vowels */i/ and */4/ are subject to PVH
testrictions as predicted by the second Tendency, occurring in mu-
tually exclusive environment with their respective neighbouring weak
vowels * / i/ and * /&/, thus forming pairs of vowels in harmonic al-
ternation. Tendency (2) contains the claim that the restrictions im-
posed on bounded strong vowels are not due to these vowels them-
selves but are caused, somewhat indirectly, by the demand that the
neighbouring weak vowel maintain its predictability (and this can of
course be achieved only if the vowels adjacent along F2 occur in mu-
tually exclusive environments). The claim gets its first bit of support
from what is reported to have happened to the non-initial high vow-
els of Proto-Uralic by the time of Proto-Finno-Permic. According to
Janhunen's reconstruction * /i/ changed to */i/ during this inter-
val (cf, below), the result being that the latter, now the only high
vowel in the second syllable, became *‘neutral”, i.e. capable of oc-
curring after both front and back vowels (Janhunen 1981:249). Jan-
hunen (ibid.) interprets the development as a loss of PVH for the
high vowels. This is superficially true, of course, and the new situa-
tion is difficult to handle for anyone thinking that the essence of
PVH is the requirement that all vowels within 2 word agree with re-
spect to palatafity (1 do not insinuate that Janhunen holds such
views; [ am simply trying to argue against the articulatorily based ex-
planation of PVH). However, Janhunen’s interpretation gives no
¢lue as to why PVH suddenly ceased to aperate for one vowel while
it still influenced the others (from now on */i/ in the second syllable
could follow any vowel in the first while the old restrictions remain-
ed for the low vowels, see below). In the present perceptual frame-
work, in contrast, PVH did not cease to operate, only the general
motivations for its application were lost. The loss of */i/ changed
*/1/ from bounded to unbounded, the latter being now perceptually
very safe alone on its F1 level, Being unbounded by nearby weak
vowels on the same F1 level, the new behaviour of */i/ is in perfect
agreement with the predictions of Tendency (3). PVH is motivated




1L
by the presence of weak vowels in the non-initial syllables and whe
they are absent (or disappear) there is no need for the restrictions,
More confirmation of the independence of strong vowels, as such,
from PVH restrictions will be seen below. o7

(3) There were no unbounded strong vowels during To.n,c.qmmﬂ.

(cf. immediately above). ot

By roughly early Pre-Finnic, several changes relevant to the devel.
opment of PVH had taken place in the system (in naming the va.
rious historical periods I attempt to follow Sammallahti 1980). Thus
*/4/ and */i/ disappeared during this interval, the former chang-
ing to */a/ everywhere and the latter to */a/ (and thus merging with
carlier * /3/) in the first syllable and to * /i/ (merging with old * /i/)
in the second (Janhunen [98]:248, Sammallahti  1980:4-5),
Later, */i/ in the second syllable changed to */e/, and */o/ was in-
troduced as a new vowel into the second syllable. Two novel word
types were introduced, viz. */iCa/ and */eCa/ in addition to the old
*/iCa/ and */eCi/ types, both */i/ and */e/ thus becoming *‘neu-
tral”” in the first syllable. The system at approximately Early Pre--
Finnic is shown in Figure 3, the circles indicating ‘‘neutral’’ vowels,

i.ﬂ.- '_u._

‘G °

4& " | "

Figure 3. The vowel systems of the first and second syllables in approximately
Early Pre-Finnic words. For further explanations see the rext,

During this period */i/ and */&/ in the first syllable could be fol-
lowed by any of the vowels in the second syllable, and */¢/ and */o/
in the second syllable could oceur after any vowel in the initial svl-
lable; the rest of the vowels in both syllable positions were divided
into two harmonic classes as indicated by the vertical lines in Figure
3. I will again comment on the new situation with reference to the
numbered Tendencies, discussing first the developments leading o
and following the “‘neutralization’ of */i/ and * ey

| g

« {1) After the emergence of the new word types */iCa/ and */eCa
in addition to the old */iCi/ and */eCi/, the first Tendency was n
longer obeyed in that the non-initial weak vowel */4/ could now ot
cur in the same environment as */a/ and was thus not predictable a
the only permitted low vowel after initial */i/ and */e/ (as had pre
viously been the case). Tendency (2) was at the same time disobeyed
quite trivially, in that the bounded strong vowel */a/ was no longe
subject to the previous PVH restrictions when following the newl:
“neutralized’” vowels; nortice, however, that */a/ continued to b
prohibited after the other frons vowels (i.e. */i/ and */4/, later alsc
*/8/). Now the question crucial to the validity of the first Tendency
is this: what happened, if anything, to restore the earlier predictabili-
ty of the weak */4/ in the second syllable after the now “‘neutral”
vowels in the first syllable?

T'wo important developments are reported to have taken place, al-
beit only gradually. On the one hand, the old */iCi/, */eCi/ types
started slowly to become unproductive as patterns of novel word
formations, to the extent that in Modern Finnish new woards with /i/
and /e/ (or their combinations in diphthongs) in the first syllable
hardly ever take /4/ in the second syllable, the productive pattern of
“neutral” vowel + jow vowel being /iCa/ and /eCa/. The only ex-
ceptions are completely transparent derivatives of the old types used
primarily to coin new proper names (Itkonen 1948). The other im-
portant development, then, is the rise in productivity of the new
types. The circumstances relevant to the present discussions are as
follows.

It is generally agreed that */iCa/ was introduced earlier than
*/eCa/, i.e. */i/ became “neutral before */e/ (the former was
such already during Proto-Finno-Ugric, see e.g. Sammallahii
1980:4). Further, the investigations by Itkonen (1948) of the produc-
tivity of various word types during approximately Finno-Ugric on
the one hand and during Finno-Permic and Jater times on the other,
strongly suggest that */iCi/ lost its productivity before */eCa/ and
that */iCa/ rose in productivity before */eCa/ (the figures given by
Itkonen, to the extent that they are representative of the word types
as they have really existed, are quite conclusive in this respect).
Moreover, taking into account what is now considered likely con-
terning the approximate time of the introduction of the new */iCa/
and */eCa/ types into the language, it is highly probable that */iCi/
and */eCa/ started to become unproductive only after the introduc-
tion of the new types. So much, but not much more, can be inferred
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m.EE the information available. Even so, I would find it hard 1o _um.l,m
__.nca that the parallelism of the fates of */i/ and */e/ is a mere cojp ....J...
cidence. Instead, the data strongly suggest that the coming of */i T
E_ﬂ_ later of */eCa/ were the direct causes of the growing unprodug
tivity of */iC4/ and */eCa/. In the present perceptual ?Eans,oum..
these p.m___ioﬁﬂnua can be given a very consistent and straightfor-
.,E.m.u explanation: in order to restore the predictability of the weak
*/4/ after all initial vowels, a new restriction was slowly emerging to
mrm _nﬁ.mn. that */4/ was no longer permitted to occur after */i/ and

L.ﬂ.,nx since */a/, differing from */4/ with respect to a critical F2
nmﬁ_nﬁ.n only, also occurred after these vowels. Because of the new
RmEnsz the old types */iCi/ and */eCa/ were no longer so easil
available for the purpose of forming new words. In this weak mnumaw
then, .Enu”, became synchronically ungrammatical. However, the a"n__
combinations may have been very common in the Enmw:_wq and
the new restriction was not strong enough to make the mﬁ..mn__m
ioam obsolete; in fact the old types seem to have remained decreas-
ingly productive long after the arrival of the new, conflicting types
{Itkonen 1948:141-142). This is not a very strong argument against
._.nﬂuwun___, (1) and the perceptual theory in general since it is based
guite E..ﬁ:.n:? on perceptual fendencies, not on absolute Hmits E“
ﬂnanmw:w.EE. That Tendency (1) is at work, however, is shown by
the growing (and now near enough total) unproductivity of the old
combinations. Otherwise it would be hard to account for these de-
velopments (cf. Itkonen 1948:140-141),

 As the oid */iCa/, */eC4/ combinations did not disappear, words
In this pattern still exist in Modern Finnish as unproductive H.n..m&:w.m.
tions _.,mmmn:nm the permitted combinations of an earlier system.
dﬁn include non-decomposable nominals as well as originally de-
rived verbs and function words (see e.g. Groundstroem 1971:112-
| _._nm__,, Another remnant of the old system is the fact that words con-
taining only “neutral" vowels in the uninflected form (nominative
wnmEm: take weak harmonic (i.e. fronr) vowels in inflectional suf-
fixes (e.g. fie+td, partitive sg. of fie 'road’, vene+ta 'boat,
m:h_m_ﬁ#u. ‘angel” etc.). In what follows I will discuss, except when
explicit mention to the contrary is made, only the development of
the PVH restrictions as they pertain to the productive disyllabic
words. Notice that with regard to all other initial vowels than /i/ and
/e/ there has never been any fluctuation as to the harmonic class of
the subsequent vowels except for quite recent, non-nativized loan-
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words violating the native restrictions (these cases, exhibiting vacilla-
{ion even for a single speaker, deserve a separale treatment).

I have not yet discussed the origin of the new word types that
prought about such far-reaching changes in the system. The sources
available to me suggest that the later */eCa/ was borrowed (Sam-
mallahti 1980:5), possibly from the Baltic or Germanic languages (It-
konen 1948:140), but I have not come across any indication of the
probable origin of the older */iCa/ type. Although it would be
tempting to guess that this type was also borrowed (so as (0 make the
parallelism perfect) this can hardly be considered legitimate in the
absence of any independent indications in that direction. Notice in
passing that there may also be some system-internal reasons for the
triumph of the new types over the old ones and for the ensuing
quasi-*‘neutrality”’ of /i/ and /e/. As Finnish makes use of three lin-
guistically relevant degrees of F2. the middle one being occupied by
the weak vowels (for a more explicit acoustic description of the Fin-
nish vowels see towards the end of the present section), it may be na-
wral that one of the sets of strong vowels so to speak falls outside
the system of harmonic alternation, not belonging to either of the
harmonic sets and being only subject to the paramount constraint
that weak vowels in non-initial syllables have to be predictable.
Whatever the reason, observe that from now on weak vowels in the
non-initial syllables of words belonging to the productive vocabulary
were signalled by only weak vowels in the first syllable, /i/ and /&/
now signalling, like the back strong vowels, only the absence of
weak vowels in the subsequent syllables.

(3) As predicted by the third Tendency, the unbounded strong
vowels in Figure 3 are free of PVH restrictions, This is another bit of
support for the claim that eventual PVH restrictions on strong vow-
els are caused by the presence of neighbouring weak vowels: at this
stage there was no mid weak vowel in the second syllable and hence
no (need for) restrictions on the mid (unbounded) strong vowels.
The combinatory possibilities of second syllable +/e/ and */0/ dur-
ing this period also indicate once more that what is called PVH has
obviously nothing to do with an alleged physiologically determined
need to avoid the combination of front and back vowels in the same
word,

Later on */i/, */ii/ and */u/ were introduced into the second syl-
lable, the former as *‘neutral” and the latter two as a harmonic pair,
obviously first through certain sequential mergers in deverbal nouns
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(Hakulinen 1968:40). Notice that deverbal nouns with :_._...,E_.Hm_.._ .

vowels in the stem took */u/ and not */ii/ as the defivatio
vels in nal suffi
This indicates that the restriction initiated by the */iCa/, */e -

Lypes, ..Hmn. that weak vowels may not occur after other than Emw_...r
ua.._,,m_m in H_.E first syllable, was strictly adhered to (words like hﬁ:ﬁ
washing’, itku ‘crying’ etc. are often cited as apparent violations of

PVH, cf. Itkonen 1945:175-178, Karlsson 1974:123-124). !
Y The next change in the system was the development of 9..“
- /double/ */66/ in the first syllable, and the arrival of */6/ into the

second. At this stage the harmonic relationships were as shown in

Figure 4.

L 3
i i 11 *i bl
o ! .1.-.:-./
e "G *0 s Bl | I *a JF_
LY ¥
_ -
5 | "5 i 4

=4

Figure 4, The {nmm_ systems of the first and second syllables in approximately
Proto-Finnish words. For further explanations see the text,

.ﬂ_m dotted circle around the second syllable */o/ represents the
a,nm:.EEm of the influence of the adjacent */6/. The latter was ob-
E;,_:ﬁ__, first introduced into the second syllable in words of the type
*/0CH/ (e.g. *todhon from earlier *1ddhen, illative sg, of *1dd
‘work’, cf. Hakulinen 1968:38), and since there were already words
of the type weak vowel + * /o/ (e.g. *ndko ‘*sight’). * /6/ (as against
the neighbouring */o/) was not predictable after a weak vowel in the
first .mw:m_u_m. What happened in the interest of accomplishing the
Emu_ﬂmﬂ::ﬁ In this case not only did the */4Co/ type become un-
productive, but in the existing words of this type the second syllable
_.{ o/ _uzmmm.ma te */6/ (the number of such words that may have ex-
isted is not recoverable). Thus */0/ no longer appeared after initial
weak vowels, and */6/ attained predictability in accordance with
Tendency (1), and as */o/ changed from unbounded to bounded, it
at the same time changed from *‘neutral’ to (back) harmonic. This
is yet another proof of the claim that strong vowels are restricted bY
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~ pVH only through and because of the neighbouring weak vowel

(and an indication that the distinction between bounded and un-
pounded strong vowels is a useful one). Let me again point out that
words of the type */iCo/ and */eCo/ (e.g. liitto ‘alliance’, reko
1deed’) remained so also after the introduction of */6/. Had these
also changed they would have violated the new PVH restrictions (cf.
wpeutral’’ vowel + */u/ combinations above).

The last change before essentially Modern Finnish was the arrival
of /single/ */0/ also into the first syllable. Interestingly, this seems
10 have taken place through the following developments: in a limited
number of words of the type */eCii/, obviously coined in disrespect
of the productive PVH restrictions (although another, more likely
reason might be that the various developments did not take place si-
multanieously in different parts of the obviously geographically and
culturally dispersed linguistic communities now referred to as single
protolanguages), the */¢e/ of the first syllable changed to */6/ (Ha-
kulinen 1968:34-35). The change, while as such indicating that the
word had been ill-structured from the beginning (or had been coined
in dialects in which */e/ had not yet been ‘‘neutralized’’; remember
that the type */eCa/ which brought about the latter change was bor-
rowed), also shows that the new restriction (weak vowels only after
initial weak vowels) was becoming firmly established. The same is
indicated by the behaviour of the handful of “neutral’’ vawel + /1Y
words still persisting in Modern Finnish (some of which are rather
recent coinages). These, especially those with semantically opaque
derivations, e.z. kesy ‘tame’ (the only native word of this type
known to me for which no plausible derivational history has been
suggested), levy ‘board’ and ciry tend to become /kosii/, /lovi/,
and /siitii/, /siti/, /kitu/ etc. instead of /sitil/ (or the “correct”
form /siti/) in the mouths of children and adults unfamiliar with any
other language than Finnish (for an account of this tendency in
terms of markedness see Wiik 1975:42-43; for a list af the relevant
words (including /iCli/ words) see Groundstroem 1971:117-119).
Having been firmly established in the language, the PVH restrictions
now constitute inviolable (or hard-to-violate) *‘rules of pronouncea-
bility'" for the speakers; for a recent summary of the many facets of
Finnish PVH and a discussion of the classification of the PVH rules
in terms of various parameters, see Campbell (1980).

Let me now summarize the co-occurrence restrictions of Medern
Finnish vowels in acoustic terms. The combinatory possibilities of
the three relevant classes of vowels are shown in Figure 5. The vow-
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els within a class can be freely combined with each other. Betw
the n“_mmmﬂ. the arrows point from the first syllable vowels to
_uﬂd”_u:nn in the second syllable, the broken arrow H.m_u_.nwnuEHm
existing, synchronically unproductive word types (wneutraly o b
+ /4/, /i/) and inflected forms of stems containing only »neut, e

éin_m.j.ﬁnn.-annuﬂmnn:nmﬁnna:mnmnwnmmnnmmEn absence of
arrows. P

/high ﬂw_.h." smedium F2/ flow Fy

_

Figure 5. The combinatory possibilities of the vowel classes of Modern Finnish,
For further explanations ses the tax,

.;,..w restrictions can be verbalized as follows. Taking all syn-
chronically occurring combinations into account, it can be stated that __
(@) /low F2/ vowels and /medium F2/ vowels cannot occur in _
the same word,
mxﬂcﬂmuw the synchronically unproductive combinations, the state-
MeNt in a sense captures what the “language has been aiming at"":
(b) A /low F2/ vowel cannot follow an initial /medium F2/
vowel, and a non-initial /medium F2/ vowel must be prece-
. ded by an initial /medium F2/ vowel,

F igure 5 and the above verbalizations permit several important
conclusions. First of all, the harmonically relevant classes can be de-
fined mn,ncmnnm_; in terms of a single multivalued dimension F2 in
companson to the three dimensions froni-back, low-non-fow and
rounded-unrounded necessary in an articulatory description (see e.g.
Karlsson 1971:60-63). Secondly, also the co-occurrence restrictions
themselves are all statable in terms of F2 alone: in (b) above this is
possible because all of the unproductive types have been identically
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treated. Thirdly, strong vowels can be freely combined with each
‘other as predicted by the Tendencies. Fourthly, all restrictions con-
cern weak vowels. More specifically, the situation described under
(b) can be seen as the (as yet unattained) result of an historical devel-
opment from the conflicting situation described under (a), and the
developments clearly have as their goal the full predictability of non-
initial weak vowels. Finally, the so-called *‘labial harmony'' accor-
ding to which /i/ and /e/ cannot be followed by /ii/ or /6/ is only
part of the more general restriction concerning all weak vowels fol-
lowing initial “‘neutral’’ vowels. Notice that the virtual lack of unin-
flected words violating ‘‘labial harmony’’ is not accidental in the
present perceptual framework (cf. Itkonen 1945:178, Karlsson
1971:65-68, 1974:121, Wiik 1975:36-43),

To close this lengthy section, let me summarize some of the diffi-
culties connected with the palatal assimilation (or “‘palatal attrac-
tion', see e.g, Kertunen 1960:44) theory of the causes and origin of
PVH. According to this view the non-initial weak vowels (and hence
PVH) have come about as a result of a progressive palatal assimila-
tion, the palatal vowels of the first svilable having changed the once
back vowels of the subsequent syllables to their modern front har-
monic pairs. [ will illustrate the difficulties involved in such a view by
picking up /i/, the undeniably most palatal vowel of the lot, as the
vowel in the first syllable. According to the palatal attraction theory
the word type */iCii/ reconstructed for Proto-Uralic must have been
1iCa/ at an earlier stage, changing later to */iC4/ through progres-
sive palatal assimilation. Now the first inexplicable circumstance is
this: how could 7/iCa/ exist at all for some period, why was it not
“born" /iC4/ as it seems to defy the allegedly universal law of pala-
tal attraction? Secondly, if the assimilatory force was for some time
suppressed, then what caused the suppression? Thirdly, what may
have ended the suppression? Fourthly, why did palatal attraction
not affect the new */iCa/ type arriving after Proto-Uralic? Fifthly,
how could this type become the productive combination instead of
the older all-palaral */iC4/? Finally, why does the same supposedly
universal, blind phonetic force fail to apply in so many languages of
the world (in addition to PVH languages themselves)?

The origin of PVH in Uralic languages, i.e. the question of how
the */4/-*/i/ alternation of Proto-Uralic came into existence, is
beyond the methods currently available for historical linguistics.
However, it seemns to have been established that */ii/ was introduced
into the second syllable as the harmonic pair of */u/ at the outset,




20

the former developing (see Hakulinen 1968:40) in deverbal nouns
with initial front harmonic vowels and the latter after back ones;
Thus, */ii/ was not the result of earlier */u/ later changing to */ii/
after palatal vowels in the first syllable: */1i/ was there right from

the beginning. As for */6/, it seems to have entered the second syl-
lable as a result of a process whereby */e/ following */h/ changed to
the vowel of the first syllable in inflectional endings (e.g. *vddhdn
from: earlier *vddhen, illative sg. of *vdd ‘belt’, Modern Finnish
vyd). This change can be described as an instance of progressive as-
similation, to be sure, but it was certainly not caused by palatal attrac-
tion since the change took place in all kinds of words, i.e. */e/ also
changed to e.g. */u/, */0/ and */a/ (Hakulinen 1968:38). Only af-
ter the way for */6/ had thus been paved did e.g. the deverbal nouns
of the type */4Co/ change to */8C8/ and other combinations of
weak vowel + */6/ become available. Finally, remember again that
the alternants chosen after the palatal vowels */i/ and */e/ were the
definitely non-palatal */u/ and */o/.

2. VOWEL HARMONY IN TURKISH

It is customary in phonological discussions to present the Turkish
vowel system in terms of three articulatory dimensions as shown in
Figure 6.

frant back
high i i i u
low e a i 0
unrounded rounded unrounded rounded

Figure 6. A traditional three-dimensional aniculatory classification of the Turkish
vowels,

The co-occurrence restrictions obtaining between the first and
second syllables also hold between any subsequent syllables (/o/ and
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Jo/ oceurring, however, only in the first E..EEN c% the word). Thus,
only the first two syllables need to be nxﬁ:ﬁﬂ% discussed here.
The standard view is that Turkish has two kinds of vowel harmo-
ny, Viz. palatal harmony and rounding harmony. These .Em usually
expressed by (factual equivalents of) En F:aﬂnm rules: _
(1) Palatal harmony: all vowels within a word must be either
front or back.
(2) Rounding harmony: . .
(a) A high vowel must agree with the preceding vowel with
regard L0 rounding.
(b) A lowvowelina non-initial syllable may not be __.nnqumn.
The combinations of vowels permitted by the above rules are ...EE,,_H.
ized in Figure 7 in which the arrows again unEn from the vowel in
the first syllable to that in the second and in which a square ﬁ.n:ﬂn a
vowel indicates a homo-vocalic combination (i.e. fiCi/, /GCi/ etc.).

[ ] ] &

VARNTa

i sibilit f cish v . For further expla-
Figure 7. The combinatory n_cﬁ_.u._::nm af the Turkish vowels f p
nations see the text.

The motivation for the standard phonological mﬂmzmwamua is 1m-
mediately apparent in Figure 7: there is a perfect ﬁﬁm:mrmﬂ berween
the front and back sets of vowels with regard to the ﬁmqn:_:mn com-
binations, and palatal harmony is clearly shown by the strict separa-
tion of the two sets. However, the account suffers from certain

inadequacies as a descriptive statement. Thus, notice first that rules (1)

and (2) are partly interdependent L0 the extent _smﬁ.ﬁﬁ is not a E__M
statement on its own since it would allow the combination ol b_m m:&

fif (both unrounded) and of fi/ and fu/ (both rounded) in __m
same word. It is only the simultaneous imposition (or cﬂm,ﬁu app T“rl
cation) of both (1) and (2a) that leads to the correct man.m_on of the
ungrammatical combinations. The dependence of rounding harmo-
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ny on palatal harmony in this way already seriously undermines
claim that the two are separate phenomena. The claim is im

phenomena, and it is made explicit by the adoption of two differeny
names H.,n_ﬂ the allegedly different kinds of harmony. Secondly, I am
not certain whether (2b) (mentioned by e.g. Lewis _EH_W and
Crothers and Shibatani 1980:64) rightly belongs to a statement of the
co-occurrence restrictions since it simply follows from the fact that
40/ and /0/, the only non-high rounded vowels in Turkish only
occur in the first syliable. This is a restriction dependent on m.,”:mgn
position within the word and not on the vowel in the first @.:mw_u

and a phonotactic restriction of this sort should be stated muﬂm_,..,_ﬁm
else in the grammar.

plicitly
there, of course, through the use of different features to describe hﬂ G
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Using the acoustic specifications the restrictions can be stated as fol-
lows:
(3) A non-initial /low F1/ vowel must have the same /F2/ as the
preceding vowel.
(4) A non-initial /non-low F1/ vowel must have either the same
/F2/ as the preceding vowel or an /F2/ one degree higher.
These rules permit all and only the grammatical combinations also
permitted by rules (1) and (2), assuming a prior statement to the ef-
fect that /e/ is the only /mid F2/ vowel capable of occurring in the
non-initial syflables (which is not a vowel co-occurrence restriction),
To see the practical effect of the restrictions more clearly, consider
the following list of the permitted disvllabic word tvpes, arranged so
as to indicate which vowels may follow each initial vowel:

Let‘me now proceed to an acoustically based characterization of /iCi/  /uCi/s  /iCi /uCu/
the restrictions. Figure 8 shows a schematic reference arrangement /iCe/ /iCe/ /iCa/ /uCa/
of the éd.,..,_n_m as they are grouped into natural classes. The approxi- JleCi/  /JBCH/ foCu/
mate positions of the vowels have been determined from formant xnnpa /0 O:x_, xuﬂw&
measurements by Sirén (1981) (for qualitative articulatory descrip- o 5 /aCi/ ’

it

tions of Turkish vowels see Ruhlen 1975 and Crothers 1978 and the
further references there). The enclosed area in F igure 8 contains the _
weak vowels, .
| An examination of the list reveals that, as a result of the severe re-
strictions, the /F2/ of alf non-initial vowels is completely predictable
from the initial vowel and the /F1/ of the non-initial vowel itself.
Thus while all permitted vowel distinctions after a given initial vowel
involve a difference in /F1/, only some of them are accompanied by
; [ i : ! o m____ a concomitant /F2/ difference, and no non-initial vowel distinction
depends on /F2/ alone.

In the descriptive framework using articulatory features, then, the
restrictions are treated as belonging to the separate phenomena of
_ palatal and labial harmony, statable in terms of three binary opposi-

i e tions. Moreover, although explicit reference to two kinds of harmo-
: & 0 /mid F nies is made and different features are used in stating them, the two

statements nevertheless turn out to be interdependent (cf. above). In

an acoustically based description, in contrast, the restrictions emerge

as a unitary phenomenon with a single result, an /F2/ harmony

. among the vowels in a word (as anticipated by Nearey 1980:239).

a MighFl e ic f k ltivalued dimensions (cf. the
G P : ; . : m.wamm:n framework uses twa mu tivalue limensions (c . the
gement of the Turkish vowels in terms of Fl and F2. artificiality of describing differences in vowel height in terms of bi-

vor lurther explanations see the toxt nary oppositions). Restrictions (3) and (4) are valid statements inde-

pendent of each other: this, however, is not because two separaty

| phenomena are involved but because the same /F2/ restriction al-

JaCa/

/high F2/ /high-mid F2/ /low-mid F2/ /low F2/
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fects different sets of non-initial vowels in a different way, zn,mmn.” .

further that (3) and (4), by restricting the occurrence of vowels'in

non-initial syllables only, correctly capture the “‘left-to-right”’ nature

of the co-occurrence restrictions in an explicit manner it
: The behaviour of the weak vowels and bounded mﬁ.ﬁm {uin_m.._
in perfect agreement with our Tendencies {1) and (2). The ..ww.”___m
tions of Tendency (3) are not borne out as /e/ and xmx. ==cmﬂ=&w
by our definition, cannot follow all vowels in the Em:m_ syllabl

Emy._n there are indications that the Tendency is not totally EEM
for Turkish (see below), there may be room for another qualif _H”

Esnﬁ& which is consistent with the total perceptual H_d_”.dQ Hﬂﬁm
assuming that small F2 differences between vowel phanemes E H__n._._H
initial syllables are not desirable on perceptual grounds, it is not hard
to mn,nn_ﬁ,_ that as the F2 dimension becomes more ﬂa&mﬁ stronger
predictions concerning the identity of such vowels from ::.h first syl-
_mn__n become necessary. This in mind, | propose the following addi-
”Ena tendency ._n.,_:ﬂ: at least seems to account for the difference be-
Hﬂwﬂwwmn behaviour of the unbounded strong vowels of Finnish and

Hmzﬂnun.,., _x.w ;m greater the number of non-initial weak vowels
ow ﬁrm F2 a.E.ﬁumE: In a language, the stricter the dependencies
ol the non-initial vowels on those of the initial syllable.

Thus, the fact that the F2 dimension is divided into four linguistical-
ly Hﬁém_. degrees in Turkish compared with the three in Finnish
W:Hf anE: why the restrictions are altogether more severe in the
ormer (four degrees also seems to be the universal upper limit in any
posttion, see Crothers 1978:117-121). As far as the high vowels of
Turkish are concerned, this looks straightforward n:mnw: but there
are ne perceptual grounds for restricting /e/ and /a/ :‘.“Er being
sole occupants of their respective Fl levels in the non-initial
&.:mEm&. Perhaps the fact that the latter belong to harmonic classes
EE :__m high vowels is as such sufficient to account for the restric-
tions, 1.e. there may be a general principle according to which the
same restrictions apply to all members of an harmonic class irrespec-
:_.ﬁ“ of their individual characteristics. ,
Further evidence of the relative independence of strong vowels in
comparison to weak ones comes from certain marginal sections of
HE_EW_ éw.m_u:_ma% (the following information is taken from Lewis
1967:17). Firstly, there are about a dozen simple native words which
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contain both front and back vowels, The back vowel is invanably
/a/ and the front vowel is either /e/ or /i/. These are all strong vow-
els, and no such combinations involving weak vowels are mentioned
by Lewis. Secondly, there is a group of invariable suffixes, about
half a dozen, all containing strong vowels exclusively. Thirdly,
words of foreign origin with only strong vowels seem to retain their
approximate original vowel qualities although they viclate the Tur-
kish co-occurrence restrictions, whereas those with weak vowels in
the original language in non-Turkish combinations tend to change so
a5 to conform to the native pattern. In sum, to the extent that minor
exceptions to the main restrictions exist, the marginal words tend to
contain only strong vowels whereas exceptional words containing

weak vowels are not tolerated.

3. A PERCEPTUAL THEORY OF THE CAUSES OF PVYH

The explanation offered below must be considered tentative at least

for three reasons. Firstly, the two-formant acoustic description of
vowel quality adopted is only an approximation of the perceptual

properties. Secondly, the data basis of the paper is limited. Thirdly,

ihe theory involves an amount of speculation not supported by ex-

perimental findings. Observe the obvious methodological difficulties

facing any attempts to test the proposed theory directly on speakers
of PVH languages: the aim is to find out what has caused the pheno-
menon, but speaker-hearers have internalized the predictabilities in-
volved and this directs their perception. Similarly, speakers of any
language have of course acquired the sound pattern of their native
tongue and this influences their perception. This is not Lo say that
the theory is untestable: the claims made are empirical issues subject
to revision or rejection as new data are gathered. On the whole, ex-
isting accounts of PYH (of which I have of course only seen a small
section) appear as overly formal to my temperament, and one of the
motivations for writing this paper was the wish to stimulate more
substance-oriented approaches.

It was seen in the preceding sections that t
are highly consistent with the data. Implicit in the Tendencies 15 the
claim that F1 is perceptually more salient than F2. The perceptual
asymmetry receives corroboration from several sources. Consider
first the very distinction between strong and weak vowels. The typo-
logical fact that the former predominate in vowel systems (for quan-

he working Tendencies
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titative data, see Crothers 1978) is readily explainable on the basis of
the claimed asymmetry and the assumption (?) that languages, gty

to first make use of such vowel sounds as are most clearly disting
from the other vowels: strong vowel systems are frequent becayes
they involve only large F2 differences. Secondly, Flanagan’s inves
gations (1955) of just noticeable differences of vowel quality indicate

that, on the average, a change of about 75 Hz is needed in F2 tg get .
an 80 per cent change of judgments of vowel quality, the change in

F1 needed to obtain a similar shift of judgments being about 30 Hz,
i.e. [€5s than half as counted in Hz. Thirdly, investigations of percep-
tual confusions among vowels show that misperceptions tend to re-
sult from incorrect estimations of the F2 of the stimulus vowels,
vowels with approximately the same F1 being most often confused
with each other (Lafon 1968, Suen and Beddoes 1972). Fourthly, al-
gorithmic quantitative models designed to generate the empirically
established typological dispersion of vowels in the acoustic F1-F2
space tend to produce too many vowels whose mutual differences
are based on F2 alone, i.e. the number of weak or interior vowels is
clearly greater than that attested in natural languages. Thus the
model of Linjencrants and Lindblom (1972), using a mel scale and
assuming that the perceptual contributions of Fl and F2 as mea-
sured in mels are equal, generated too many weak vowels situated
between [if and [u] because, as thus measured, this dimension seems to
have plenty of room for intervening vowels. The model has been
later revised by Lindblom (1975; unfortunately, I have not had
access (o this unpublished paper) and by Crothers (1978) who, after
reducing the F2 dimension to about half the scale it had in the acou-
stic space as used by Linjencrants and Lindblom, succeeded in redu-
cing the discrepancy between the empirical dispersion of vowels and
theoreucal predictions. This was obviously done more and less ad
hoc (Crothers 1978:126-127), but it is interesting to note that the
conversion of linear Hz values to the perceptually more accurate
Bark scale (Zwicker and Feldtkeller 1967:92-94) has the same effect
as the reduction adopted by Crothers: the weight of F2 relative to F1
is reduced by a factor of about two, the range of total F2 version
then being about twice the total variation of F1 as against a fourfold
difference when estimated in terms of linear Hz values, Even so, Fl
still remains about twice as strong perceptually as F2. Recently, at
least a partial resolution of the [i] — [u] problem has been demonstrated
by Lindblom who, making use of certain psycho-acoustically moti-
vated scales (although these mainly derive from investigations using
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tone signals as stimuli), transformed acoustic .Hnﬁ_.mmn_ﬂﬁmupm of
steady-state vowels into corresponding representations in the m..mn:c-
ry periphery and thereby reduced in a non-ad mnm manner the distan-
ce between the two vowels (Lindblom forthcoming, see also Bladon
indblom 1981).

EMW_”HEH claim implicit in the Tendencies is that the first syllables
of words are easily locatable in the flow of speech by the hearer EH
use in the prediction of the vowels in the subsequent ﬂ__,__mEn_m. This
in turn presupposes the easy locatability of word wu:mnmﬁnﬁ As
speech is used for communicating Emmaz.ﬁmnn as words are impor-
tant meaning-bearing elements, the locatability of word boundaries
is in fact a precondition for successful communication. The _uEEm“E
is rather to find out how this is accomplished. At least the majonty
of PVH languages so far reported have a fixed ,,{E.n. stress (the Ura-
lic languages mostly stressing the first and the Altaic languages .E,m
last syllable; for minor exceptions consult e.g. Ruhlen _.m:mr and itis
customary to say that such an automatic, non-phonemic stress func-
tions as a word boundary signal. Hence it might be tempting (0
conclude that word boundaries are signalled by word stresses in such
languages. However, such a conclusion is hardly warranted since, as
is well known, the prosodic cues of word stresses are often mwmmnm
from connected speech (word stress in a sense being the “place’
within a word in which an eventual syntactically, pragmatically etc.
determined sentence stress is realized). Notice also that it s ﬁm:-:..m:
impaossible to divide speech in an unknown language into ic_.n,.mﬁm
chunks. This could be due to differences in the cues used to signal
word boundaries in various languages, but it may also indicate that,
on the whole, word boundaries are not systernatically realized pho-
netically in connected speech. The recognition of ioqn__m.?ma fluent
speech has been recently investigated by Cole and gmrﬁ,aw (1980],
who conclude that their research “‘provides at least partial support
for each of the following statements:

Words are recognized through the interaction of sound and

knowledge. .

The words in an utterance are recognized one after another.

A word’s recognition locates the sounds which begin the follow-

ing word,

The sounds in the beginning of a word are used to access word

candidates.

The sounds in a word are processed sequentially. .

A word is consciously recognized when the sequential analysis of

—.._nqm
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mik 1980:161).

The above conclusions have been reached for English and it re.
mains to be assessed to what extent similar principles hold for word

recognition in other, typologically different languages. At the same
time, one can hardly deny the intuitive plausibility of such a view of
word recognition.

uwr fact that the prosodic cues potentially signalling word stress
are'often blurred by higher-order prosodic influences in fluent
speech has important repercussions on PVH. In languages with a
moving or phonemic stress the correct location of the stressed sylla-
ble is of course important, and in face of the unreliability of the strict-
ly prosodic cues these languages must resort to other, sepmental
cues. Among these are restrictions on the choice of vowels permitted
in the unstressed and stressed syllables. I suggest that the functional
maotivation for such restrictions (which seem to be extremely com-
mon in languages with a moving stress) is the ensuing contribution to
the locatability of word stress by the hearer, and it is only natural
that the perceptually less salient weak vowels are among those first
prohibited in the unstressed syllables (in which, to better enhance
perceptual prominence of the stressed syllable, the vowels are often
extensively reduced in quality). In languages with a fixed, fully pre-
dictable word stress, on the other hand, there is no semantic motiva-
tion for similar restrictions. Thus, instead of asking why particular
vowels occurring in the obviously most permissive first syllable also
occur in the non-initial syllables, it might be more appropriate to ask
why not. [n the absence of the demands of moving word stress there
is no obvious reason, and this may well account for the spread of
weak vowels into the pon-initial syllables in PVH languages. In other
words, it is suggested that it is a general characteristic of languages
with non-phonemic word stress that all vowels occurring in the lan-
guage tend to spread to all svllable positions, an empirical question
difficult to decide at present because of the lack of sufficiently speci-
fic descriptions of such languages. Sammallahti (1980:6) considers
the lack of balance between the vowel systems of the first syllable
and the second syllable in Proto-Uralic to be one of the factors
which caused the whale system to develop into the nearly perfect ba-
lance in Modern Finnish (the second syllable lacks some of the diph-
thongs occurring in the first), In the light of the foregoing I readily
agree with Sammallahti, adding only that in a sense the development
can be regarded as a syntagmatic extension of the tendency towards
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another empirical question but my claim, based on the perceptyg)

theory, is that 2 language with such a set of non-initial vowels would

have no motivation for PVH restrictions. if

There are languages belonging to otr group (c). Notice, however,
that I am not claiming that the presence of weak vowels in nog.
initial syllablps necessarily causes PVH. The claim is, instead, that
PVH does not develop without weak vowels in these positions. The
mmn_ﬁﬁ is a weaker claim, impying that weak vowels can be tolerated

word stress languages above: some of the Germanic languages would
be a case in point). In other words, I wish to maintain that the pres.
ence of non-injtial weak vowels is a necessary but not necessarily a
sufficient precondition to the development of PVH. As such, then,
the existence of languages belonging to Eroup (c) does not constitute
counter-evidence against the Present framework (although the me-
chanisms by which non-PVH languages manage to solve the pro-
blem of non-injtial weak vowels are relevant also to PVH: further re-
search in this areg js clearly needed),

As far as I can Jjudge, all PVYH languages belong to group (d). The
class of PYH languages currently known includes only languages be-
longing to the Uralic and Altaic families and the languages could
perhaps be Elumerated: what [ am trying to do is to specify some of
the phonetic conditions for and against the development of PVH in
the belief that PVH is not arbitrary in this respect but, rather, the
lawful product of general substantive constraints on the shape of
possible sound patierns. In other words, [ wish to contribute to the
“attempt to derive linguistic form as a tonsequence of various sub-
stance-based principles pertaining to the use of spoken language and
its biological, sociological, and communicative aspects' (Liljen-
crants and Lindblom 1972:859),

We are now in a position to at least tentatively answer the ques-
tion made above as 1o why PVH is so rare among the languages of
the world, and the answer is simply that the circumstances pro-
voking PVH seldom coexist in the same language. Given that both
weak vowels and fixed word SLIESs are necessary prerequisites for the
development of PVH, the number of potential PVH languages is
__Eﬂma_.m_”m_“." drastically reduced when only the former precondition
is considered in the light of typological information, Of the 693
languages contained in Ruhlen’s (1975) sample, 80 (or about |2 per
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cent) are reported to have front rounded vowels and 66 (about 10 per
cent) back unrounded vowels _,“5 many cases the same languages
are included in both counts). Without going into a n._mHEh_ﬁ_. language
by language analysis of Ruhlen’s data here, and nannmnw.m::m.c_._ the
reportedly more common front rounded weak _...e.._,n_m n._.__w.. it may
be observed that languages belonging to the Altaic and Uralic fami-
lies (i.e. those mostly having also fixed word stress and PVH) ac-
count for no less than 48 per cent (38 F:mcmmm_& out of the 80 _ﬁ-
guages reported to have front rounded vowels in any syllable posi-
tion. This proportion strongly suggests the amm.uzn_mnnm of PYH on
weak vowels, especially when taken together with the mﬁﬂm:”n,ﬁ non-
existence of PVH languages with only strong vowels, It remains for
further detailed investigations to assess ﬁ what extent the absence
(?) of PVH in the remaining languages with weak vowels can be ex-
plained with reference to the word stress pattern.

The perceptual theory of the causes of PVH, then, can be summa-
rized as follows. The immediate reason for the co-occurrence restric-
tions within a word known (somewhat misleadingly as the above
analyses show) as palatal vowel harmony is the presence of so-called
sﬁmm vowels in the non-initial syllables of the word. The scope ﬂm
PVH is the word because the word is the basic Eamanm-nmmnm.m unit
of language. The introduction of weak vowels into the =o_=-5_:.£
syllables is caused by the need to increase the potential meaning nou.m
tent (lexical efficiency) of the speech signal. ﬂﬁ .Euanznw to sprea .
all vowels occurring in the most permissive position to all positions
within the word is, it was tentatively suggested, common to all _m”n-
Euages with a fixed word stress. However, since weak Simﬂw are in-
herently less salient perceptually than the strong vowels typically E-
jacent mc them, the spreading of weak vowels into all syllable posi-
tions (in those fixed stress languages that have weak ,..,GE_W_W at all)
would, as such, necessitate an amount of F2 computing per word
Wwhich is not easily tolerated because of the h,m_m:..ﬁq lesser unmunu-
tual efficacy of F2 differences as compared J.._:E those of F1. T mﬂ-
fore, the occurrence of weak vowels in non-initial syllables has to be
festricted so as to make their identification easier: c_u_..;onm? only so
Many accurate estimations (perhaps only one estimation?) of F2 per
Ward can be effectively performed by the _.__ﬂm.:mq under normal cir-
tUmstances (here I on purpose ignore the EE:ELm.E. nuu-ﬁ.:onwzm
factors operating in normal communicative interaction). Notice tha
2 listener in a communicative situation, on receiving _mnoﬂ_zm_
Speech, tries to come up with a match between the acoustic signa
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and words stored in his mental lexicon: what I am doing is to mﬂmmm.._p
the limits on the possible form of such lexical entries, or phonetjs

conditions for the acceptance of stretches of speech into the vocaby.

lary. To resume, the restrictions make the identification of weak'vo,

N 1s

wels predictable from the vowel in the first syllable and the percep.
tually more efficient acoustic dimension of F1. The vowel in the first i
syllable, indicated to the listener by the completion of the preceding
word and (occasionally) by a clear manifestation of the fixed word
stress (or sentence stress falling on that syllable), is then paid special
attention to by the listener. On the one hand, the listener examines
the initial vowel to specify its identity and, more specifially, to deter-
mine its /F2/ correctly, thus activating the less sensitive F2 detection
mechanism in this particular position (which is pointed towards, as
needing ‘particular attention, by higher-order semantical recognition
processes). Notice that in moving-stress languages the syllable de-
manding extra attention would be pointed to by partly different indi-
cators, i.e. the phonetic cues of the semantically most important syl-
lable would be different, On the other hand, the /F2/ information
of the first vowel is used by the listener (of a PVH language) as a ba-
sis for forming preliminary hypotheses concerning the likely /F2/ of
the subsequent vowels, initial hypotheses rendering some candidates
improbable. If the identification of the first vowel with regard to its
/F2/ is fully conclusive, then the perceptual mechanism is freed
from paying detailed attention to F2 in the subsequent syllables. It is
very likely that the information received prior to the recognition of
the whole word is retained in short-term memory, and it is not neces-
sary that the identity of the initial vowel has to be fixed before that
of the subsequent ones. This is obviously true in any language, and
particularly in PVH languages since the division of vowels into mu-
tually exclusive sets also enables an amount of backward prediction
(e.g. in the event of noise during the first vowel). In the normal case,
however, the recognition of the vowel in the first syllable presumably
precedes that of the later incoming ones in real time, In the non-ini-
tial syllables, then, the perceptual mechanism usually has to pay at-
tention to approximate F2 values only (in addition to F1), The me-
chanism for deriving accurate F2 estimates is re-activated on the ar-
rival of a message (from wherever lexically, syntactically, pragmati-
cally etc. determined recognition decisions are made) informing that
the current word has been identified (which, see Cole and Jakimik
1980, often happens before the speaker has reached the end of the
word). To the extent that the phonetic and non-phonetic sources of
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information in the receiving end are in conflict, the communicative

intention of the speaker may fail or the listener may detect a break of

PVH. N . -
‘In conclusion, notice that the only difference in word recognition

between speakers of PVH languages and other Fsmnmmn”m postulated
by the theory is that the former use predictions concerning the /F2/
of non-initial syllables as an aid whereas the latter do not, and that
this directly relates to a structural (i.e. linguistic) difference between
the sound patterns of these languages. Contrast this to the Eﬂmwmq
differences necessarily presupposed by an articulatory explanation
of the causes of PVH: speakers of PVH languages are for same rea-
son affected by the need to avoid the combination of bd,.: and _w_mn__m
vowels (and this in a particularly selective manner) while speakers of
other languages are obviously not affected!
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