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DIPHTHONGIZATION IN THE MALMO DIALECT

Biésta Bruce

1. Definition of the WMalmd dialect. The dialect under examination in the

present study constitutes a part of the Scanian dialect (”skénska”), the
kind of Swedish used in the very south of Sweden. Malmd is the principal
town of the province of Scania ("Ské&ne") with about 250 000 inhabitants,
i.e. one fourth of the population of Scania. Scanian itself exhibits in
certain important respects phonetic characteristics quite different

from those of Standard Swedish. This is in part due to the fact that the
province is former Danish territory and only in the 17th century - after
the conguest of Scania by Sweden - did Swedish become the official
language. The particular dialect used in this part of Sweden can thus be
said to be Swedish on Danish substrate. This means that, with some over-
simplification, the "code" is identical o* quasi-identical with that of
Standard Swedish, while some of the habits of pronunciation are Danish,
or to be mare precise, East-Danish. Since the conquesf Scania has become
increasingly Swedish. According to Witting (1959) the following general
remarks can be made about the Scanian dialect from a phonetic point of
view: "Its three chief characteristics of pronunciation are, briefly:
(1) the exceptionless use of the uwular (or velar) r instead of Central
Swedish alveolar r; (2) a tendency towards a pervading diphthongization;
(3) an almost complete inversion of the intonational pattern of tonal
accents, "acute" (accent I) versus "grave" (accent II) as found in
Central Swedish'. The present study will be confined to the examination
of point 2, i.e. the diphthongization, (A brief discussion of the
definition of the concept of diphthong will be given below. So far I

use the term ‘diphthong' operationally in the sense of diphthongized

vowsl, )



2. The status of the diphthongs, To avold misunderstanding I will make

a distinction between two types of diphthong in 3cenian. The Malmd
diphthongs (as well as those of other towns in southern and western
Scania) are very recent developments. They are opposed to the diphthongs
found in northern Scania both in pronunciation - although they have
certain common features -~ and in historicel development, These north
Scanian diphthongs developed in the 15th century (Wessén). It is the
latter type of diphthong that is usually referred to in the literature
as typically Scanian, In the present Study I will concentrate upon the
Malmd type.,

When examining the diphthongs one notices a social distribution in
their use. Generally speaking, the diphthongization of the vowels 1is
regarded as socially substandard and is avoided in the "educated"
dialect,. where there is a tendency to approach the Standard Swedish
norm by using more or less "oure" vowels., It is, however, outside the
scope of this study to penetrate this "“vertical" dimension too deeply.
The diphthongs in the Malmd dialect are regarded merely as surface
manifestations of single underlying phonemes. The diphthong has no
direct distinctive Function (See for further discussion p. 5: 'short vs.
long vmwels'). Each of the diphthongs is represented in orthography by
one single grapheme, The "naive" speaker of the dialect - and indeed
often the educated speaker — is not usually conscious of his own

diphthongized vowels.

3. The vowel system in the Malm8 dialect - 1.e. the relations between the

vowels contained in the system (disregarding the physical manifestation)

is very similar to that of Standard Swedish., There are 9 vowel phonemes



in opposition to sach other, all 9 of which appear long and 7 short (CF.
Stand, Sw. 9 long vs, 9 short). Vowel length rather than vowel guality is
considered to be distinctive in Stand. Sw,, although there may be simulta-
neous differences in vowel quality.~(See Hadding-Koch -~ Abrahamson, Elert,
Lindau for discussion.) For the moment we accept this view for the Malmd
dialect too., The following vowsls are found (the same symbols are used

for long and short vowels, ignoring at this level any quality differences
between a long-short vowel pair):

/i) [ex] Jex] [yl [b:] [esl Jui] [oi] [/

/i/ /el Iyl 18/ v/ /ol o/

As shown above there are gaps for short /&/ and /e/. The choice of the

long

i

il

short

symbol /e/ instead of /§/ to cover the gep is erbitrary. It does, however,
reflect the phonetic reality. The coalescence of short /e/ and /el is a
common phenomanon in Swedish dialects. The short /4/~gap, however, is less
common. Modern Swedish /&/ has developed from an earlier back /u/—vowel,
This frontirg has also taken place in the Malmd dialect, giving long Jei/,

but the short counterpart has never been fronted.

4. The vowel target. So Far I have used diphthong in the sense of diph-

thongized vowel. As mentioned above there are assumed to be no underlying
or phonemic diphthongs in the kalmd dialect. The diphthongized vowels are
the physical manifestations of single phonemes,

Generally speaking the vowel phoneme -~ in any language - can be sald to
represent the vowel target, the ideal phonetic value at which the speaker
aims, Cach vowel, — syllable nucleus -~ has at least one target, The target
can be manifested differently in the time dimension; (i) as one steady
state throughout the vowel (monaphthong, i.e. a more or less static vowel),
(ii) in the initial part only, followed by an off-glide from the target

steady state or (iii) in the final part only preceded by @n on-glide to the



target steady state, Type (ii) and (iii) (Lehiste-Peterson [1961] "glide"
but often in every day usage referred to as "diphthongs" or "diphthongized
vowels") are dynamic as opposed to the first type, Further, there are (iv),
two~target vowels or diphthongs, ideally manifested as two steady states
linked by an intermediate glide., I shall not go further into the problem
of defining the concept of diphthong at this superficial level, as the
guestion does not seem to be crucial for the present study.

In the diphthongal realizations of the long vowel phonemes in the Malmd
dialect, it is the second part of the syllable nucleus that constitutes
the target; i.e., the target is reached with a time delay (type iii). The
diphthongization lies so to say in the initial part of the vowel; there
is usually a relatively long on-glide, sometimes even beginning with a
steady state position (Be@ Fig. 1?), Whether to classify the diphthong-
ized vowels in the Malmd dialect as diphthongs or glides - with reference
to the above definition - is an open guestion, Some of them may be inter-
preted as having two targets, others seem to have just one, If you claim

that a

- LAY ol

is @ manifestation of a target, then some of the vow-
els in the Walmd dialect could no doubt be called diphthongs (type iv).
Tt is probably futile to make this decision on phonetic grounds only.,
["Glide" according to the definitions (i1) and (iii) given above is from

now on included in the term "diphthong". ]

5, Effect of speaking rate, I believe that it is a guestion of speaking

rate, whether the targets are manifested as steady-states or not., One must
take into account that it is only in optimal situations, that a diphthong
is realized substantially as two steady states with an intermediate glide
connecting them, This optimum is seldom reached in spontaneous speech,

Thomas Gay (Haskins) has recently investigated the effect of speaking rate

on diphthongs in American English. In JAGA (DBC. 1968) he writes: "Results



indicate that onset target position and sscond formant rate of change are
fixed Features of the diphthong formant movement, while offset tearget po-
sitions arc variable ecross changes in duration.” IF this statement proves
to be true not only For Americen Cnglish it would be possible to describe
a diphthong acoustically in terms of onset steady s ate position and es-
pecially second) Formant rate of changs with an indication, whether it is
a plus— or minus~transition. At a fast speacing rate the offset targec is
never reached. In articulatory terms: the tongue is nmoving at the same
rate from one vowel position towards another indepsndently ob speaking
rate., The accuracy of hitting the target positions is just a question of

the speaking rate,

6. Thriphthongs. It has been suggested that there arc triphthongs in the

Malmd dialect, Malmberg (Sv>ms< fonetik 1968) makes the claim that triph-
thongs are common in the southern Swedish dialect and that it is possible
to discern gven more vowel huas within onz syllable nucleus, This state-
ment is however not supported by any experimental data available to ma
For the Malmd dialeoct. OF course this may depend upon the definition of
"triphthong'. Malmberg has uscd & perceptual definition: three clearly de-
scernable vowsl gualities in one syllable nucleus. Thus when the vowel
(diphthong) is for some reason being lengthsned, e.g. in emphatic pronun-
ciation, there is a greater chance to descorn more vowel gqualities, But

in my opinion it is just complicating the description of the dialect in

uestion to introduce the concept of triphthong on perceptual grounds only.

7. Short versus long vowels, 3o far I have discussed the diphthongizastion

of the long vowel phonemes, With respect to their phonetic manifestation
the 7 shart vowsls in the Malm8 dialect can be transcribed as [i ] [ e ] L’J
[ﬁ] [u] [o] [a@]q (see fig. 2)3 The short vowals — at least the more close

1 The short vowels in Malmd speech are not entirely identical in auality
with the Stand. Sw. counterparts, which I have tried to express by the
use of other phon&tno symbols for some of them, For example D{] is luoss
palatalized and Lapj is more front.



ones, are also sometimes diphthongized., In the short vowels the diphthon-
gization lies in the final part of the vowel (typ@ ii) as opposed to that
of the long vowels. The target is reached at once, arter which there is,
or may be, a gliding off the target towards & more open and central vowel
psition,

Preliminary measurements of the quantity of "short" and "long" vowels
suggest that in the Malmd dialect there is little or somectimes no differ-
ence in length between them (ef. for Stand., Sw, - Elert 64)., T would say
that the difference - in the substance - lias rather in the diphthongiza-
tion: the "long" vowels are manifested as diphthongs - with an initial on-
glide to the target; the "short" vowels arc manifested as monophthongs or
may be diphtihonaized with an offglide from the target, which ig in the
initial part of the vowel, In this sense the diphthong (diphthongized long
vowel) may be attributed a distinctive function versus the morcphthong (Dr

differently diphthongized short vovuel - See page 2 w), A minimal pair th

Jie

/burt/ (= penance) -~ [bEUL] - bott/but/ (= lived —3> [blot] may exemp

fy the statement, The difference in the Malmd dieslect is thus primarily
one of diphthongization,

Another striking fact - obvious from the spectrographic analysis - is
rhat the short vowels compared to the long vowels are usually more
"oxtreme", their position on the vowel diagram is further away from the
neutral vowel position than those of their long counterparts. (I am re-—
ferring to the second part of the long diphthongized vowelsa) Tense — lax
(3ee Jakobson-Fant-Halle 1952) reversed in the Malmd dialact? Further
investiagtion of this point may show whether this is due only to the
speaking-rate causing undershooting of the target I5 v shod some light o

the definition of the tense - lax concepts,

8. DiphthongizatiQQ; As has been mentioned above all of the long vowel

phonemes are more or less diphthongized - at least in the "pbroad" dialect.



(In the "educated" speech the diphthongization is reduced, but even if
people try to reduce the diphthongization in accordance with the Stand,
Sw, norm, it is striking that the vowels Ju:/ and /o:/ very often remain
diphthongs in their speach.) If we look more closely at the actual
diphthongization of each vowel, we will gasily find some regularities.
Spectrograms of the diphthongized vowels are shown in figure 1. The
speaker is a high school student (aged 19) and can be said to be repre-
sentative of the common Melmd dialect, i.e. neilther the extremely broad
nor the "educated" dialect., From the spectrographic data a vowel diagram ~
F1-F2 plot - (Figure ?2) has been made, Each diphthong is marked with an
arrow indicating the direction in which the diphthong glides. The short
vowels are used merely as references and are marked with a small cross,
the crossing-point of Fl-F2. The findings are atso supported by studies
of spectrograms - kindly put to my disposal by & colleague ~ of about

50 Malmd subjects with & similar background,

One regularity apparent from the spectrograms is that the first compo-
nent of each diphthong is more compact than the second component, (The
terms used here are defined in Jakobson et al, 1952,) A further obser-
vation is that the more diffuse the diphthong ends the more diffuse 1s
the beginning., A third observation is that the first part of the diphthong
is always acute, independently of the features of the second part, ‘ihen
comparing the two groups of acute vowels — the first group having a plain
target, and the second having a flat target - the latter group also starts
flat compared with the former group. If we reinterprete these findings in
articulatory terms, they would be as follows: the first component of each
long diphthongized vowel (diphthong) in the Malmd dialect is (1) more
open than the second component - the opening degrée being dependent of
that of the second part, (ii) non-back and (iii) uwsually non-round with

the exception of the front rounded vowels,



9. Grave vowels. You will make an interesting discovery if you examine the

vowel diagram (Fig. 2) a little more closely, The diphthong that is the-
realization of the phoneme /u:/ has an F2 that starts higher than that

of any other vowel (F3, however, is comparatively low). This obser—
vation is evident From the overwhelming majority of spectrograms I have
examined, The originally grave vowel has a more acute starting-point

than any of the acute vowels, In accordance with Gay's theory of the

ef fect of speaking rate on diphthongs mentioned above, the vowel Juz/,
produced at a fast speaking rate would not reach the offset target, ocone
sequently loosing some of its grave (Dr velar) quality. Thus the vowel
will become even more acute. How much of its velar guality can Ju:/ loose
without the perceptual result being affected? The same guestion is
applicable to /o:/, which also has an acute starting-point, It is
plausible that a rather insignificant glide from the onset target towafds
the offset target is sufficient for a perceptual identification of Ju:/
or /o:/. It would be of great interest to make perceptual tests in order
to see how much of the final component of the diphthong be gliminated
without the perceptual identification being lost, A transcription -~ to a
great extent supported by the spectrographic data available - of the
diphthongized Ju:/ and /o:/ would give ESD] and E{BJ. The interpretation
of the diphthongization of the vowel kl:/ as [ééaﬂ or even extremely
[égaj is in my opinion more adeguate than the traditional Eaaj. (Malmberg

1963, )

10. Acute vowgls. The vowel /i:/ is usually diphthongized EET]. A fricati-

vation of the final element of the diffuse vowels Ji:/, /y:A /¥ /, and
Ju:/ is sometimes found, but is not as emphazised in kalmd speech as in

Stand. Sw. (See Lindilom). The diphthongized Jt:/ found in fig. 1 displays



a pattern that is more representative of the "educated" Malmd dialect
than of the common dialect., The vowel is somewhat "iby-coloured! (for
definition see WMalmberg). The vowel /e;/ can be transcribed phonetically
ﬁf@}. The final component has a very high F2 and is sometimes inter—
nreted as [1]. The vowel /g:/ is less diphthongized than the other acute
vowels and may be transcribed Eééi]. The vowel in guestion exhibits a
vowel cuality that is peculiar for Malmd (and Southern Scanian) speech:.
a flattening that might be due to pharyngeal constriction. It would be
interesting to use X-ray Film to investigate this guestion, Some of the
same quality as in /£:/ is present in /h:/, diphthongized as [Egzj, This
1atter vowel ends more compact than Stand. Sw, /f:/. The transcription
of the diphthongized /y:/ should be [By]. The final part of the diphthong
is not necessarily [yj, but may also be [ij or [j]_ The initial part,
howesver, must be [ﬁj (Flattened) to give a correct identification of the
vowel. The vowel /w:/, finally, has about the same starting-point as

/y:/, i.e. the transcription is Eﬁ;]. To sum up the transcriptions:

Jii) ——> [E1] Iyl —> [By] Jus/ =3 [®0]
Je:/ —> [E2] Jui/ —> [Pe) Joi/ -3 [€0]

fg1] > [Bg]  Jpi) —> [&p)]  Jaz/ —> [EEd)

.
B

11. Neutral vowel theory, An explanation of the historical development

of the diphthongs in the Malm8 dialect is not easy to give and will be
orly speculative., I will peoint to a few Facts that may be interesting
in this connection, Regarding the vowel diagram (Fig. 2) it is apparent
that each diphthong (With perhaps one exception: the diphthongized /ﬁ:/)
starts at a fairly neutral position and ends at a more extreme position,
This is a Ffurther generalization of what has been said above about
diphthongization. T believe, however, that it is reasonable to say that

all Malmd diphthongs theoretically start at a neutral position (Schwa).
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This statement implies that the more extreme the vowel the greater will
the difference be between the first and the second component of the
diphthong. This seems to be supported by the spectrographic data to a
certain extent., In fact, then an adaptation of the first to the second
component has taken place, reducing the risk of perceptual confusiong
i,e, the closs vowels have a relatively closer beginning than the open
vowels and the front rounded vowels are rounded not only in the final
nart but already in the beginning of the diphthong to contrast more
effectively with their unrounded eguivalents, But the back vowels -
redundantly rounded because they have no back unrounded equivalents -
do not run this immeidate risk of confusion, sO the first part is not
necessarily rounded, The existence of an epenthetic vowel before the
target in the long vowels, resulting in a diphthong, might be regarded
as a coarticulation phenomenon, The vowel gesture is quite different in
the Malmt dialect compared with Stand, Sw,, where we find a well developed
coarticulation within the syllable, Prevocelie consonants in the Malmd

not appreciably influenced by following long vowels; in

7

dialect ar

[}

other words a non-synchronizing of the consonantvowel gesture might have
contributed to the development of the Malmd diphthongs. It, should,
however, be noted that even in a v(C)=syllable, i,e, when a vowel is
eyllable initial, this vowel will become a diphthong. Therefore if the
diphthong is regarded as a product of coarticulation, this fact can only
be explained by analogy. The CV(C)»syllable is more common, so the V(C)w

syllable has adopted the same pattern,

12, Diphthongization rules, Finally T will try to Formalize in phonolo-

gical rules within the general framework of generative phonology the

observations about the diphthongizetion in the Malmd dialect presented
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above (Oze for explanation of formal devices 'tound Pattern of English’
ch. 8). The generalizations to be captured in the rules should express
at least che Following facts (to repeat what has been said above ).
First: the diphthong consists of & giide segment -~ it may also be called

a semi-vowel or & non-syllabic vowel p that is inserted before the

original (long) vowel segment - the vowel phoneme, i.e. the syllabic

vowel :
e, J:“‘“i
. y - — 5yl ; ‘
(1) I i VA Bl
i
Ao | L ionql

P N . . " . ) -
The feature |+ long] here implies the Teature L+ 5tressJ, In an unstresse
position the long vowels are not diphthongized. Rule (i) mey also be
Formulated in an alternative way, namely:

+ syl z S — -
(ii) -~ GO N~ T syll + eyl
—
4 loncl 2 GO ~ G0N
. ) I N - -
The content %1 rule (i) and (ii) is almost the same. fule (1i) expresses

that the long vowel splits up into two segments, where the feature

syl

conl which may be a more elegant

ro- I
[+ long ]| appears as che segment %M
way of expressing the facts. To ;ecapitulate: a diphthong - in the
Malmd dialect - is dufinsd as a semi-vowel + a vowel.

The next step is to find a proper framework for the description of
the different vowel segments that are contained in the diphthongs.
Languages that use four opening degrees for vowels (Malmd wpesch in-

or the Chomsky-Halle (196@) feature system. Weang (Lanquage, 4 1966) uses

_ —_ — . four/
only two features -~ {i highj and li mid| to account for tongue heights.
- - o -

Accepting Wang's feature Tramework, the description of the "front" group
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of vowels will be as follows:

i e & ap
mid - + -+ -

To account for three places of production (front, central and back

vowels ) wWang uses the features palatal and velar with the redundancy rules:

[+ patatal] > [~ velar] and
(av) _
[+ velar] s [~ palatal]

If we choose for example the vowels [y] La] Lu] that represent thres
different places of production, a matrix would have the following

appearance:

pal + o -
(V) vel - - +

I believe, however, that it would be correct to have an alternative
version of Wang's redundancy rules, yilelding instead:

(vi) [» pal] ] [+ vel] and
[m vel] e L+ pal]
and thus the matrix:
vyl 1 L]
iy 0 DT

; :
+ pal , . : .
The treatment LT 6&1; to account for the bwedish La]mvowel has been pro-

posed by B. Lindblom (WPSH I, 1969)? 1 will adopt this analysis here.
Trn this connection it should be noted that che inserted vowel segment
- the &emi-vowel -~ always has the Teature [+ pal]y or even [w v&l] to
restrict it even more. This 1s the gecond generalization to be made ébout

Bmerwememe

!

o The Gwedish [¢ | is phonetically a "front" vowel, but might at this level
of representation be defined as[i B%f] (for further discussion see
Lindblom op. cit).
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Lthe diphthongization process.

I will use the feature [i labial] to distinguish between the two
groups of vowels that are produced with protruded or spread lips respec—
tively.

A binary matrix of the vowel segmente that are part of the Malmo

diphthongs — using Wang's features - 1s glven below:

(1] [e] [6] [ee] [yl [4] loe] [u] [u] [o] [a]

pal + + + + + + + + - -~
vel - - - - - - - + + + +.
(viii)  high + + - + + - + + + -
mid - + + - - + + - - + +
lab - - - - + + + + + + +

As there are only three different tongue heights = for the velar vowels in

the dialect, I have defined the vowel @ﬂ@ as [ﬁ high , which would have

+ mid

been the definition of [D] if four tongue heights were represented for
the back vowels.

Now in combining the vowel segments in the matrix to form diphthongs,
the following third generalization can be formulated: An assimilation
process with respect to tongue heights is taking place. The inserted
half-vowel adopts an opening degree that is one derree higher than that
of the original "mother” vowel, It iec possible to formelicze this process

using either binary or n-ary features, The binary model is formulated in

(ix):

. — = eyl T M{
+ syl - Con i ;éi
(ix) - con — + pal 1
.. Cj‘ hlkjh H
+ long ~j3.hlgh; d {
- . |amid | |3 m
. - . R . , + N !TH
For example if /i:/ is the original vowel with the fBaEUFBS[i; wiéi}
4 I+ high' S
the glide segment g |+ mJLHJ i.e. Le], giving the diphthong el

(wa assume so far that the glide becomes [« lab]), Using graded
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5

. - W) . : .
features - n-ary features™ - instead of binary features to account for

the tongue heights the rule would appear alternatively as (x):

- . -
e sylM“ [~ syt 1 + 5y1_m
(x) |- con ——y — eon ~ con
L+ long + p@i n high
17 o (re+1) high | | R

Replacing the features|t high] and [+ mid] by graded heicht, such that

1 refers to the highest vowel, 2 to the next highest and o on, we have

(3] [e] [£] lee] [y} [#] [ee] [=] [u] [o] (@]

(xi)  high 1 2 3 4 1 2 3 1 1 20 3
Go if the mother vowel has tongue height 1, the instrusive element has
height 2; for example [e] = height 2 - will be preceded by [£] - heiqht
3 -, [Z] by {ae] etc.
The n-ary treatment to account for the tongue heights of vowels seems to
be & simpler and more direct way than the corrvesponding binary treatment.

The "one ctep up"-principle that is present in the Malmd diphthongization
binarity -

process does illustrate this. A complement to the genuineV/binary treatment
at the systematic phonemic level (for terminology see Harms 1966 ), then
rewriting of the binary units into integers in the low level rules at the
systematic phonetic level. Tt is not clear, where in the hierarchy of

1 LEOn

phonology to insert the diphthongization discussed above. 1o 1T a super-
ficial rule close to the final phonetic output, ir is it a desper- |
lying process? A correct evaluation of the methods of treating tongue
heights of vowels for the Malmd dialect presupposes an answer to this
auestion.

Four: regarding the labialization of the vowels there is an assimilation
process going on too. The front mother vowels influence the inserted semi-

e

9 In the rules (x) and (xiii) [n] may assume one of the values L, 2, 3.




vowels with respect to the labialization, whereas thelir back equivaelents
do rot. Therefore we will have to divide the vowels into two groups:

a front (palatal) and a back (velar) group. Taking into account the
labialization process (disresarding the vowel height for the moment ) the
rule appears as (xii):

oyl

- COnN

+ pal
ok ab |

+ pal g i + syl
- - [- lab] / == |- con

~ pal |

{AKrab] /-

This labialization process may, however, be expressed otherwise by saying

vowel | ol vell . .
that before an un arE—a\lﬂLY;i L@] or LD], the glide becomes

unmarked, 1.e. [~ lab}, because the glide has the Teature L~ vel |. In
contrast a marked vowel, for example [¢], influences the glide to become
marked too, i.2. [+ lab] in this case.

In rule (xiii), which is an attempt to compress in one rule all general

Facts concerning the diphthongs expressed so far, we Find that:
- g 5

T, [ S opail [ — ]
- ;én f]g‘lab“ ] == d?¢la@} + syl
(xiii)eesf —>eeely pal / i i / - eon
- o ’
0£n+i hlhh P - Luhh\ / L Dul] | n nlqh

This rule generates the optimal diphthongs (&1, [é@]g [552]9 [ﬁy]

Ld:%] (#a], [e0], [E95], [Z8¢r], which seems to be correct. Lutput con-
straints (not yet formulated) will then operate on thie rule to jive the
final phonetic product. Further, it will be reqguired that the diphthogni~
zation process be related to other rules in the phonological component
(e.g. stress and guantity rules), which may affect some of the Teatures in

the rule (xiii).
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Tt should be emphazised that the present study 1ig only preliminary.
Tt will be used as a working hypothesis for further research. Therefore

comments will be much appreciated.
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VOWEL DIAGRAM

OF DIPHTHONGS
IN MALMO SPEFC}

Esch long diphthongized

vowe ]l 1= marked with an
arrow (solid line = Fi-
F?2; dotted line = Fi=F3)
indicating the direciinn
in which the diphthong
glides. The short vowsls
are marked with a small
crovs, the orossing-point
of F1F2.
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WORD TONES AND LARYNX wMUGCLES

Eva Barding

0, Qutline

This is a slightly revised version at a seminar talk given in Lund, May 1970.
In Section 1 I shall make a brief summary of Uhman's model for intonation
(8hman, 1967 a) and in Section 2 T shall discuss the results of an EMG study
that was cerried out by Jhman, Leandersson, and Persson to test Ohman's theo-
ry (Ohman et al, 1967 b). Section 3 is a preliminary report on an EMG inves~
tigation parallel to Ohman's (See also Garding, Fujimura, Hirose, 1970). The
implications of our own data are discussed in Section 4, They indicate that
Ohman's model cannot be entirely correct, In Section 5, a revised vefsion is
suggested and in 6, Meyer's wordtone data for Gwedish dialects (Meyer, 1937
and 1954) are interpreted in terms of the revised model. A correlation of our
EMGC data to the standard stress notation used for the word tones concludes

the report (7).

1, Summary of Ohman's model

Jhman tried to incorporate the Scandinavian word tones in a general guanti-

tative model for intonation (Ohman, 1967 a). The first version of this model

only concerns the stressed syllable of an utterance, He postulates that the

observed fumdamental freguency curve for such a syllable can be decgmposed

into a positive sentence intonation step and a negative word intonation pulse,
To give an example:

step- step i

functions
pulse




The stepfunctions represent the on and offset of the nerve signals. kach
stepfunction passes through a filter which simulates the inertia of the
anatomic structures. The filter has a smoothing effect on the stepfunction.
When the two inputs above have been smoothed and added to Béch other, the

output will be like the dotted line below:

By timing the pulse in verious ways in relation to the step, Dhmdn ob~—
tains the configurations that he needs to approximate the word tomeé in
different dialects. (Meyer, 1937 and 1954. The dialectal variation ié shown
in Figure 1, Ohman's figure II-3-3, op, cit. p. 23.)

Dialectal variation can then be explained as a difference in timing be-
tween the pulse and the step. The almost reverseu patterns in Stockholm and
Skane (Numbers 1-5 and 90-93 in Figure 1) are interpreted in the following
way: The time order of the step and the pulse is reversed (gp, cit. o. 26).
The acute and grave accents correspond in Danish to ggég (a kind oFbglottal
stop) and no Stﬁg. amith (Smith, 944) made acoustic and physiclogical measg-
urements of this contrast., In an ENG investigation of the expiratory muscles
he found that words with stpd are characterized by a brief and intense in-
nervation pattern compared to a more evenly distributed innervation in the
words without stpd, This innervation is followed by a sudden relaxation that
(for reasons not well understood) brings aebout a momentary disturbance or
inhibition in the vibretion of the vocal cords., The effect of this inhibi-
tion is & segment with a glottal stop or in most cases a segment with creaky
voice,

The fact that a glottal stop in Danish corresponds to the ecute accent in
Swedish gave Ohman the idea of interpreting all Scandinavian word tonss As

"mlottal stops" in the sense that they all have some inhibitory effect on
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sentence intonation. This inhibitory effect is strongest in Danish: for the
sthd the vocal cords are adducted to such an extent that the vibratory pat-
tern becomes irregular, In other Scandinavien dialects -~ accorading ?0 the
theory - the effect is much weaker: the vibrations are inhibited but they
do not lose their periodicity.

This glottal stop theory motivates Uhman's cholce of a negative pulse

for the word accent,

2, Uhman's EMG study

Ohman then looked for some physiological mechanism that was likaly'to have

a negative, that is pitch inhikbiting effect on sentence intonation. In an
EwG investigation Ohman and his co~workers studied the behavior of two of
the intrinsic laryngeal muscles during the pronunciation of words with con-
trastive word tones and words with glottal stops. (Uhman gt al,, 1967 b,)
The vocalis muscle was chosen as a ropressntative of the adductory muscles,
Tt is natural that this muscle should ke active for glottal stops. That this
is indeed the case has been shown in earlier EWG investigations, for in-
stance by Faaborg-Andsrsen. (Faaborg-Andersen, 1957.,) The cricothyroid was
selected because this muscle is known as the main tensor muscle and thero-
Fore the muscle responsible for pitch control, Yhen the cricothyroid con-
tracts the cricoid arch is raised towards the anterior pert of the thyroid
cartilage. In this process the arytenoid cartilages which are mounted on top
of the cricoid lamina are tilted backwards. The tilt lengthens the distance
between the points of attachment of the vocal oorda, (50ne55Dn, 1968, p. 51,
The vocal cords will therefore be stretched which means that during phonatior
the pitch will go up. The effect of the cricothyroid activity on nitch has
been extensively studied. (Arnold 1961, Faaborg-Andersen 1957, Ghala et al,

1968 and 1969, ) Expected electromyographic correlates to Ohman's theory



would be & period of inhibition in the cricothyroid muscle combined with in-
creased activity in the vocalis at the time when the negative word pulses
are supposed to occur.

The results of the ENG experiment, which was performed with needle elec—
trodes on a male subject speaking the Stockholm dialect, were inconclusive,
The main finding according to ohman was a brief interval of inactiQity in
the cricothyroid muscle which roughly coincided with the negative pulse,
There was no corresponding increesse in vocelis activity, at least th in the
oxamples published by the authors. Figurs 2 shows examples of the vocalils
and cricothyroid activity implied by the word tones., The inhibitian phases
related to the word tones are marked by arrows,

To facilitate the interpretation of the electromyograms I have added the
fundamental frequency curves that can bs expected in this kind of dialect,
The cricothyroid activity correlates very well with the Fundamentaj fre
quency curve in general, With a low pitch as in the last part of thc frame
ja sa therc is a concomitant low activity in the cricothyroid. In my view
this correlation can also explain the arrow marked interval in the grave
accented word in the figure and is not neacessarily an indicetion of a nega-
tive pulsz, Increased activity in the vocalis would have made the negative
pulse interpretation more probable but the vocalis record dogs not change
in connection with the pulse,

The electromyograms of the acute accented word do not give much support
for the negative pulse either. It is trus that the arrow points to an inter
val with reduced activity in the cricothyroid signal at a point in time tha
fits the postuleted pulse but it is not accompanied by increased activity i
the vocalis muscle, rather ' the contrary. In my ppinion the reducéu activit
in both the cricothyroid and vocalis muscles could be an effect of a phona-

tion pause in connection with the syntactic boundary between the frame de v

and the test word rather than a manifestation of a negative pulse, The gap
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in the oscillogram for the occlusion of thz p of the ecute word is longer
than normal end certainly quite a bit longer than the occlusion for the cor-
responding p above in the grave accented word,

This experiment is the only attempt that Uhman has made so far to give a
physioclogical basis to his theory.

o

Tn the following T shall discuss some results of an Ewd investigation pe-

-

G data I shall propose an analysis

'rallel to Uhman's, On the basis of our i
of word tones in terms of positive pulses only., This analysis is woll suppor-
ted by the EMG data, Tt slso fits the word tone date collectud by Neyer,

Wy analysis may also be used to sketch the dovelopment of word tones in

Spandinavian dialects from a common origin, I shall come back to this in

another oconuext.

3. EMG study (Garding, Fuijimura, Hirose, 1970)

Bubjects

Tha two subjects ares k& (Femal@) representing the Skane dislect and L (mala)
speaking a dialect in which the word tones are manifested much the same as
in the Stockholm dialoct. His dialect may perhaps be described as Standard

faicdle Swoedish.,

Test meterial

Our test material consists of somz 20 sentences with the two word tones in
varying phonotic contest, The test words were put in neutral frames and the
sontences were read with and without emphasis in & rising-falling sentence

intonation. A typicel test sentence is de va pamen ja se, i.e, 1t was pamen

T said. The nonsense seguence pamen was given the acute and the grave accents
oo o o



respectively. A few items had glottal stops and 2 couple of sentences were

whisneraed, Sach tost sentence was read fifteen times serinlly, 3o far onl
. 3 Y

part of the material hes been processcd,

pe
Musclos
b= hedeiedtid

Since tha exooriment wa

2 parallel to CUhwan's, 1t was natural to choose the
same muscles: the vocalis and the cricothyroid, In addition the sternohyold
was selected, This muscle has been shown to be active Tor pitchlowering in

both English and Japaness (Hirano et al, 1967 and Ohala gt al. 1968) and it

was expected to have a similar function in Swedish,

EMG equipment

[~

Figursz 3 shows the EMG eguipment. The electrodes are bipoler and consist

of thin wire threadea through the cannula of & hypodermic needle. The end

of the wire is hooked, #When the desired location has been reached the needle
is withdrawn leaving the electrode hooked to the musclo, (The experimental
procedures are described by Hirose et al,, 1970, )

The mucosa of the larynx is given a light anesthesia bafore the electrodes
are inserted through the neck, The insertion is almost painless. Unce the
electrodes have been Fixed in the right position the subject can talk in a
natural voics without Faeling thedr presence, After the session the wire is
removed by a light tug.

The clectromyographic signel was amplificd by a DC preamplifier designed
for EMS, It was recorded together with the microphonz signal on magh@tic
tapz, The recorded signals were fed to a POP-9 computer through an AD (gnalm
ogug to gata) convertar. In this process the EG signal is sampled svery 100
microsec and digitized into € bit levels, At first absolute values were taker
of the samples and these were then smoothed over a range of 10 msec, (FOT a

better description, see Simadas ot al. 1970,) The smoothed signals for 8-12
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ing the larynx back to its rest position after having been lowered for the
low-pitched end of the frame? Or is it an effect of the inspiration? Cuch~
thal (1959) thought that an increase of activity in this muscle during in-
spiration might serve to steady the vocal cords and prevent them from flapp-
ing during the influx of air,

The cricothyroid and the fundamzntal frequency curves ars very similar,
Y

Every peak in FO has = corresponding peak in the cricothyroid curva, This
confirms what is well known from a number of earlier investigations: the

cricothyroid muscle is the main pitch controller. The articulatory éestures
have 1little or no effect on this muscle,

The sternohyoid has peaks when the jaw opens for the most open and the
most stressed vowsls,

Figure 5 brings out the contrast between the acute and the grave accents,

pé:men, pamén in & a and mamma, mammz in 5 b, The vowel segments of the a-

cute words are marked by thick lines along the base line and the vertical
linues show the borders of these segments, The corresponding lines for the
vowel segments in the grave accented words have bwen left unmarked to avoid
cluttering up the figure. They would in each case precede the existing lines
by a few millimeters.

The most important difforence bestween the word tenes in the vocalis and
cricothyroid behavior is two peaks For tho grave accent compared to one for
the acute, that is in principal the same diffurence as wa find in the result
ing fundamental freguency curves, The first pesks connacted with the grave
accent occur a little earlier than the acute peaks. The sternohyoid ectivity
obviously is of no importance for the word tone contrast, Thi audio signal
is similar for the two accents and rofutes the traditional view of the grave
accented words as having different cnergy distributions from the acute ones,

At the top of the figure Uhman's pulses have been inserted at the place on
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the time scale where they have been postulated for this dialect: garly for
the acute (dotted line) and late in the first syllable for the grave (straigh
line).
To support his theory the vocalis - as an adductor -~ would have to be ac-
tive during the pulse whereas the cricothyroid — as a tensor - vould have to
be inhibited. The most convincing argument against Ohman's pulse theory in
these records is that the vocalls and cricothyroid muscles wors togéthar‘

Botﬁ muscles contract for the pitch peaks and they reduce their activity
for the pitch fall in the accented words as well as For the lowpitched end
of the frame

There is - in these data - no resemblance between the muscle activity con--
trolling word tones and the activity needed for the production of a stpd or
a glottal stop.

'

The utterancas behind Figure & contain what can be regarded as gxtrome

L.

cases of glottal stops. Un the whole these uttorances need a maximal use of
laryngeal ccntrol because they havs, apart from e glottal stop Letween the
twn syllables, the grave accent and emphatic stress,

The utterances represented in these tracings are to the left Ejé?a} and to

— R}

AN .
the right [nﬁ:75j pronounced by 3peaker E in the Skans

striking feature in these tracings is perhaps that when the veocalis is ac—
tive for the glottal stop, that is the closure of the glottis. the oricothy-
roid is completely relaxad.

What is the mechanism bshind the opposed activity in the vocalis and crico-
thyroid muscles in this kind of glottal stop? Are these muscles onpposed for
adduction in general and working together for pitch control i.e. tensing?
The data obtained so far speak in favour of such an interpre’ sion, Notice
again the pronounced peak in the voca alis muscle with o corresponding valley

in the sricothyroid before the beginning of phonation. This event i1s similer
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word tones as they appear in these records is an early peak in the fundamen-
tal freguency, the vocalis and the cricothyroid curves for the acute accent
as opposed to a later and plateau-formed obtrusion for the grave accent, Ac-
cording to the theory we should expect to find increased activity in the
vocalis concomitent with reduced activity in the cricothyroid., As can be
seen in the figure the muscles do not behave in this way. In three cases out
of four the vocalis and the cricothyroid muscles cooperate. Only in ﬁéﬂﬂﬁ
(acute) is there for a short period during the pulse opposed activit& in the
two muscles,

To sum up, our deta do not provide any physiological basis for Uhman's ne-

gative pulse,

4, Discussion

Shman was of course well aware that his EwG results were inconclusive, but
he suggests that if the ENG investigation included other laryngeal muscles
as well the pitch inhibiting muscle would perhaps be discovered,

Is there any physiological justification for such a view?

(op.cit.)

Tt appears from the discussion on @29 that Ohman expects muscular activity
for the word tone to ke "ballistic" in nature just as Smith - using Stetson's
terminology -~ regarded the stpd as a ballistic stroke (Smith, 1944 b, o, 3),
A typical innervation pattern behind such a movement would be an activation
of an agonist muscle combined with a complete inhibition of its antagonist
(reciprocal inhibition). In the EWMB records from the test words pronounced
with glottal stops (Figure 6) the opposed activity in the veocalis and the
cricothyroid mey perhaps be due to what is celled reciprocal inhibifion. Put
there is no similar effect in the data that can be associated with Fhe word

tones. Since there is no activity in the vocalis during the word tope pulses,



Ohman's interpretation of the acute and grave sccents as some kind of glottal

stops is not very convincing.

5, Word tones and positive pulses

In the light of our data it seems natural tc simulate word tones by one or
pogsitive

two/ pulses, To fit an actual fundamental freguency curve, these pulses mist

have appropriate amplitudes, onset times and durations and they must be ex—

posed to a suitable smoothing procedure, I shall give @ Tew examples of what

can be achieved by such a process:

same pulse, e T T
LT
e -
; . = e st slow smoothing
different degrees = =
,_._A;‘(-"' - .
of smoothing R b N
~ froluioi SO - fast 1
pulse with high R
) N
amplitude and 5/f§ .
T P N S slow smoothing
different degress s
Is \
’ \
. / I
of smoothing , i N
- b~ e = fast "
pulse with short N
—
[ ~
duration and =t e N - slow smoothing
different degrees N
70
- 7 "
of smoothing T B T fast
e ,“"”""‘“‘T"’"\ i SN
two pulses | J7T [ } .
fadiVocio B e hamne D e ™

fast smoothing
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It seems clear that with one or two positive pulses we can simulate any
piteh pattern implied by the word tones.q Actually in my examples above I
may have more paramcters than I need but we may safely say that a pitch
curve with one peak corresponds to & step function with one pulse (Dr per-—
haps two very close pulseg) and a pltch curve with two peaks corrasponds
te a step function with two pulsas,

Trom now on we shall consider curves that are similer in shape to the ob-
trusions caused by the pulses in my examples as the output of positive step
functions that I shall call positive pulses,

Yo have Tound earlier that the £MG curve derived from the cricothyroid
muscle has about the same shaps as FD with a time delay typical of an acous-
tic signal compared to a physiological one. The similarity between the FD
and the cricothyroid curves makes it possible to interpret obtrusions in the
fundamental frequency curve as the visible representatives of positive pul-
ses,

Let us now go back to the word tones in the dialects of my speakers and

interpret them as positive pulses.

acute grave

L (Standard) /“7"\““? t\i«]w

E (sSkéane) d \k\\ [:::7<:<:1

.

The pitch curves have been stylized in the manner of Meyer with one sguare

For each of the two syllables,

In terms of positive pulses the vifference between the acute and grave ac-—

cents in Speaker L is one pulse for the acute and two for the gravs, whereas

e

1 According to Lars Barding it is an established mathematical fact that
any smooth curve can be simulated by a step curve provided that the
step curve is subjected to a smoothing process with fixed parameters,
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E has an esrly pulse in the acute as compared to a late pulse in the’grave

accent,

6. Interpretation of Meyer's date

If we interpret Meyer's data in the samz manner (Figure 1) we shall find

that there are mainly two types of dislects: diaslects that like 3kane are

characterized by an early pulse a late pulse in the acuts and grave ac-
cents respectively, and dialects that like Speaker L*s have a late pulse in
the acute and two pulses in the grave accent,

There is anothér striking feature about Meyer's curves: whatever the
shape of the acute pitch curve the latter part of the grave curve 1s simi-
lar to it.

T can say with a certain emount of truthfulness: Give me your acute accent
and T'11 tell you what your grave is like. To perform this trick I do as
follows: I sgueeze in the acute accent in the latter part of the grave word,
Then I extrapolate the curve to the earlier part of the word., Naturally a
certain experience is needed to do it in the right way. I havz to keep with-
in & certain pitch rangs and I must follow a certain rule, The rulé’is that
an sarly pulse in the acute accent brings on & late pulse in the grave one
whereas a late pulse in the acute accent gives two pulses in the gréve aC—
cent. Now we must ask: Yhat is the linguistic implication of this procedure?
T think it implies that in tﬁa acute accent we do not have 2 reel word tone,
only a sentence intonation pulse anc it is this sentence intonation pulse
that recurs in the second syllable of the grave accent.

The idea that only the grave accent is a real word tone and the acute mere
ly the menifestation of stress is not a new one. It was put Forward in gene-

ral terms by Henry Sweet as early as 1878. A similar position was taken by
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Trubetzkoy (1939) who regarded the opposition between the two accents as a
privative one, that is, one member of the opposition - the grave accent -
is marked by a feature thet is lacking in the other - the acute accant. S5e-
veral other scholars have discussed the problem from various angles and have
arrived at the same conclusion (Heugen & Joos 1956, 19€2, Haugen 1963, 1967a,
walmberg and clert 1963, Rischel 1963, For a summary of the discussion sse
Elert 1970).

According to this general anelysis, Swedish intonation should be decom—

posable into sentence intonation and word intonation for the grave accent

tive pulse for both @ccents,

His use of negative pulses is open to many objesctions. We have seen ear-
lier thet it has no immediate physiologicel basis, L1t can be criticized al-
so on other grounds, In the Stockholm acute accent, Figure 9 (Ohmen, op.
cit. Figure II-E-4), a negative pulse is superimposed on a sentence intona-
tion step in order to produce a rather small dip in the pitch curve which
may very well be caused by the oral closure for the initial consonent, in
this case m. A look at the more schematic Figure 10 (Chman op, cit. Figure
II-B-8) reveals that, apart from minor effects, the main function of the ne-
gative pulse in Stockholm acute and Malm grove is to dielay the sentencae in-
tonation step. In view of these and earlier observations it seems more natu—
ral to assume thet there is in 3Swedish just one tones, the grave accent, This
word tone is manifested in all the cialects as a delayed sentence intonation
pulse which in some dialects (For instance Btockholm but not fialms) is proe-

ceded by an additional positive pulse,
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ACUTE - ACCENT: STOCKHOLM

He  ddgwa fm | & Joan{ ja s  a | fdeve fm | & Jnen| j5 8 & | Mz

wU

GRAVE ACCENT: STOCKHOLM

fdgva fm | & {nanf Jo 5 & | Jdgwa {m | & [onen | jo s & |

He L
' He
\Mr T wyay
| ° ﬁ_j\ Y 300
5 1:0 EL

. mEe
a [ i L A
. _ v 5 Ty
& : g .
Y\’A\. /»"‘"A—/ . eV P NPV
3 s
1w
Figurs 3,

Fig. [1-B-4. Comparison of Stockholm nccent patterns with carves caloulated by means
' of intonation model. The pulses marked I, I5, and IW represent model
outputs with the same input commands that were used to mateh the emplr-
ical date but with the model constants o and P both set to 1000,
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W
"STOCKHOLM”
ACUTE GRAVE
C ¥ C C V C
| ] 1 ! ; !
§ § ! § 1 i
‘ "y, F 1 ] SR i 1
i e g 1
i ) } i i } i 1

MALMO

Figure 10,

Fig. 1-B.8, Input commands suitable for Stockholm and Malmd accents. The pitch
contour has been drawn with thick lines in the vowel segmente,
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~ 7, Word tones and stress correlates

The dictionary of the Academy marks the accent contrast with numbers that
indicates the difference in stress patterns that was supposed to be an ine
variable characteristic of these words guite independent of the dialectal
variation in pitch. The acute accent is marked 4-0, and the grave 32, for

4 3 .2
example andeg, Sndefi, This marking system was introduced well before the

time of acoustic measurements, Later, when such measurements could be made
it was at first somewhat surprising that no consistent difference in the
energy output of the acute and grave accented words could be found.’l

Today it is well known that subjective impressions of stress are related
to the total speech effort and only partly determined by the energy of the
speech wave.2 Increased pulmonary effort in connection with stressed syl-
lables was demonstrated in EMG recordings by Ladefoged, Draper, and Whitte-
ridge (1958), increased laryngeal effort is avident from Ohala's EMG work
(Ohala 1970) and Harris and co-workers (Harris et al. 1968) showed that in-
creased activity in some articdulatory muscles is a constant correlate to
stressed syllables,

Our ENG datamay to a certain extent explain the difference in subjective
stress attributed to the two accent patterns. Look again at Figures 5 and
8, For both speakers - notwithstanding the dialectal difference in their
pitch curves ~ the second syllable of the grave words coincides with more
activity in the vocalis and cricothyroid muscles than the corresponding
syllable of the acute words. The second syllable of the grave accented words

then seems to reguire a greater effort from these muscles,

eemmmm ey

1 Tn additional data, that I have received later, the averaged audio signals
from Speaker E have a higher amplitude in the second syllable of the grave
accented words than in the acute ones,

For a clarifying survey of the concept of stress and its acoustic and
physiological correlates, see Lehiste, 1970,

1AV]
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The subjectively felt difference in stress connected with the acute and
grave accents is perhaps a reflex of the difference in laryngeal activity

that may be common to most dialects.
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PERCEPTUAL EXPERIMENTS WITH SWEDISH DISYLLABIC
ACCENT~1 AND ACCENT-2 WORDS

Kurt Johansson

The Swedish - and Norwegian - so-called word tones have for a long time
attracted a considerable amount of attention, According to Elert (1970)
one may almost speak of something like a fixation to the problem, one rea-
son for this being that the tone accent and its interpretation occupies a
central place in the language system, and the way of solving the problem
is essential for the intersrotetion of other prosodic elements as well,

Structurally, there exists an opposition between accent 1 and accent 2
(acute and grave accent, respectively) in words like gnden (the duck) and
anden (the spirit), stégen (the steps) and stdgen (the ladder)n1 The oppo-
sition is only manifested in a stressed position,

There have been differences of opinion concerning the most relevant a-—
COUStiCIGOUhtGTDaTt to the opposition, In most cases the choice has been
between variations in the fundamental freguency (FO) and the intensity,
but also other differences, e.g. in duration and quality have been dis-
cussed.“

In 1955 Malmberg carried out a series of experiments with synthetic speech
where the fundamental frequency, the intensity, and the duration were varied.
Only FD was alone able to influence the judgments concerning minimal pairs

3 .
like bdren (the Gage) and blren (carried). This supported earlier supposi-

1 Elert (gg;cit., p. 42 ff,) mekes a distinction between this distinctive
function and the connective function, whers all syllables within the

e

domain of the grave accen%@belong to ong and the same word,
Malmberg (1962) mentions another possibility: syllable boundary,
The experiments have been reported in e.g. 1955, 1962, and 1967.
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tions based on instrumental data, where the differences between accent-1
and accent-2 words had been manifested most consistently in the fundamen-
tal frequency (cf. fig., 1).

Acoustic investigations show that in most Swedish dialects thers is a
distinct difference between the forms of the freguency curves for accant-1
and accent-2 words, the remarkable thing being, however, that the patterns
may be reversed if different dialects are compared (cf, fig. 2).'l This was
one of the reasans why Gjerdman (1954) expressed doubts concerning the dis-
tinctive function of the tone2 and evidently considered the intensity2 as
relevant inst@ad,3 He suggested that either Malmberg or himself and Meyer
(where he seems to have found support) had made some sort of mistake in
their tonal investigations,

In the last few years there seems, however, to be considerable agree-

ment on the tonal character of accent 1 and accent 2.

The present investigations

Results obtained with synthetic speech should, where nossible, be verified
with ordinary speech, but so far rather few percaptual experiments have
been carried out. Further, the students on our phonetics courses had for

a number of years, expressed their difficulty in identifying accent-1 and
accent-2 words in different Swedish dielects. I therefore decided to pre-

4
pare some tests,

1 An interesting attempt to explain the change in the tone curves from
one dialect to another has recently been made by uhman (1967).

2 The distinction between different levels (i.e. perceptual and acoustic)
is not consistent.

3 To support his view he states that he himself does not always make a
tonal distinction between accent-1 and accent-2 words, and this he has
found also with other speakers (p. 139),

4 The tests were carried out in spring 1967.
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The dialect of speaker A, who had lived in or near Lund all his life,
was typically Scanianq and the listeners had had good opportunities to be-
come acquainted with his way of speaking (and also with the Scanian dia-
lect itself since they were all studying at Lund University).

Speaker B was unknown to them, and one may suppose that this to a very
high degree also goes for his West Bothnian (Umeé) dialeot,z No listener
spoke this dialect,

The FD curves of the first syllables, which are generally considered to
contain the most important information, were virtually reversed for the
speakers (cf, figs 3-4},

The following minimal pairs were recorded:

1) véken (the hole in the ice) ¢ vaken (awake)
2) skotten {the shots) :  skbtten (the Scot)
3) témten (the [building} grounds ) : gpmten(the gnome )

The stressed syllables of the test words evidently contain the following
segments in which the tonal differences might be manifested:

1) voiced contoid3 + long vocoid

2) short vocoid

3) short vocoid + voiced contoid

The recordings were made on an Ampex 354 tape recorder (tape speed:
15"/sec) via a Neumann KM 54 condenser microphone. The words were repeated
three times in succession, and the second examples were chosen as test
words,

The test words were then transferred to a Lyrec TRZ tape recorder speci-

Scania (Skéne), a province in the south of Swedsn.

West Bothnia (Vdsterbotten) in the northeastern part of Sweden,

"The curve shape in the initial consonant, if there is any, may there-
Ffore be irrelevant to the distinction, as it has to be when the initial
consonant is unvoiced," Fintoft, 1965,



Xz
I~

30Gg~

Pm

doow
200 g

Dot

e
100 p= Al

intensity
-
Hz

3008

-

Besss
200 f P Ny

uad

}-»

- A2
100 =

intensity
Hz

3oog-

-

o f
200 b= 0

porty

e

- A3
100 G

intensity

Fig, 3. Fo and intensity curves for speaker A's véken:vaken (A1),

-

= grave words,

skitten:skbtten (A2), and témten: tbmten (A3). Broken lines . - .



z
Y]

300

Pyt

200

H

IR RE

100

intensity

=
e

360

200

IR BRI EREE

B2

100

intensity

X
e~

300

200

B3

Tt 38 1393

100

intensity

Fig. 4, Fo and intensity curves for speaker B's véken:vaken (B1),
skétten:skdtten (B2), and témten:tdmten (B3), Broken lines

= grave words,




ally adapted for use with an electronic gate, This tape recorder was also
used when the cuts were made manually.

As a first step a loop was made for each test word, Then these words,
with or without cuts, were transferred to a Revox F 36 tape recorder (tape
speed: 7,5"/sec), which was also used when the stimuli were presented to
the listeners (via a high quality 1Dud5peaker1).

At the listening sessions the stimuli were presented in random orderz,
:the A-stimuli First in a separate group, then the B~stimuli, The only in-
Formation given before the transition to the B-stimuli was that a differ-
ent speaker would be heard.

Exactly the samg stimulus was repeated three times in succession with
one-second pauses, and this stimulus group then eppeard five times in the
test, The interval between different stimuli was about five seconds, After
every tenth stimulus a longer pause was made (roughly ten seconds long).
The first ten stimuli were presented, without the listeners' krnowing it,
only to acguaint them with the test procedure,

10-15 listeners took part at each listening session, which (including
pauses) lasted about half an hour. The test words were presented in num-
bered frames on a bladkmboardB, and the listeners were instructed to mark

each stimulus word "4" or "2" (forced choice).

Listeners

59 first-term students of phonetics were used as listeners. None of them

had taken part in experiments of this type sarlier.

17 Built at the Royal Institute of Technology, Stockholm,
2 ‘Without any frame sentence,

3 Frames containing acute words were numbered 1, and grave words <,



To be able to group the listeners according to "dialect", recordings
were made of their pronunciation of the test words, in the same way as
has been done with speaksrs A and B,

A rough estimation of the fundamental freguency curves, produced on a
mingograph via a Trans Pitchmeter, then followed. The curves turned out
to represent three main types with regard to the change in fundamental

freguency in the stressed vocoild:

1. acute: falling grave: rising (or 1evel)
2. acute: falling grave: falling (or level)

In spite of the fact that both the acute and the grave patterns are
mainly falling, there is a pronounced frequency difference between
the two types, with accent 2 as the higher type.
3, agute: rising (or level) grave: falling
The first and largest group, mainly Gonsistihg of people from Scania,
was subdivided in:
a. Native Scanilans
b. Non-3canians with FD patterns resembling the patterns for the Scanian
acute and grave accents,
The following groups were established:
Group 1 a: 2B listeners from different parts of Scania,
Group 1 b: 9 listeners from the parts of Sweden nearest to Scania
(2 from southern Halland, 6 from the southern parts of Bmé—
land, and 1 from Blekinge).
Group 2: 16 listeners chiefly from areas north of and nearest to
the 1 b area (8 from Smaland, 1 from Blekinge, 1 from Oland,
1 from Bohuslén, 2 from Védstergttland, and 3 from Ustergtit-
land,

Group 3: 5 listeners from other districts (2 from the Stockholm area,



1 from Dalarna (Dalecarlia), 1 from Vdstmanland, and 1 from
Angermanland).

Tt should be ohserved that the boundary between groups 1 b and 2 is some-
what indistinct,

The curves for one of the listeners showed such irregularities that his
score is only ineluded in the first calculations under test I, where all
listeners were treated as one group.

A comparison with the corresponding dialects in Meyer's and Malmberg's
material, in so far as the dialects are represented there, seems in most
cases to confirm the above group formation,

When studying the tables below it should be remembered that the groups,
especially in some cases, are much too small to be considered representa—
tive of the dialect type in guestion, but as the results in spite of this

may be of interest they are given for the sake of comparison,

Tast T

This experiment was carried out in order to test to what extent listeners
are dependent on their own dialect pattern for the identification of iso-
lated acute and grave words.

In all, 12 stimuli were presented 5 times to 89 listeners, which gave

3540 judgments, or 295 per stimulus,

Results

n

A glance at the scores for the 59 listeners treated as one group (Fig. 5)

C

immediately reveals that Malmberg was right in his criticism of Gjerdman.

The listeners, most of whom ars Scanians, or at least from southern Sweden,



are much more successful in identifying the accent-1 and accent-< words
of speaker A, They are cvidently to a large extent dependent on thelr own

pattern For the identification,

A =)

an o -
véalken 94 7 i /)
vaken 98 < BS
cl,t“.utn [ Ly B/ A7 i
sKatviten /o 47 jo
skbtten 98 % G4 Y
tBmten 96 %k B0 %
A A £ oo/
tomten 95 b 57
Fig. 5. Percentages of corre regponses te Scanian (A) and west

Bothrnian {B) stimuli (all listeners treated as ane group),

Further, it can be seen from fig. 5 that there is a tendency to higher

secores For the grave words, particularly the ones produced by speaker B"q

The scores For this speaker's skotten and ttmten deviete by +3g Trom the

means, For vake They are obviously Tairly sure that grave words

had been produced. This is also the case for tomten (+30ﬁ, while skbtten

produces guessing, and as for véken they give a score indicating that they

interpret the word as grave instead of acute (WBU),

€3]

In fig. the numbcer of correct responses is given Tor the different

'dialect” groups. As these groups are of various sizee, resulting in va-
riations between 150 and 810 judgments, the scores are given in percent

for the sake ot comparison,

P

1 In the following the score deviation from the theoretical means is
given as +no, L. 3o means that the deviation is at least 3o, and
hat the listeners have with a high degree of certainty correctly
identified the stimulus, while -3o indicates that bth are certain
that another type of stimulus has been presented, 2o indicates ro-
lative certainty.
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Group 1 a Group 1 b o Group 2 ¢ Group 3
A . B A B CA . B A B
9% - s52% | 99% | s0% - 99% 52 % o €8% | 92%
Fig. 6. Percentages of correct responses to Gcanian (A) and West
Bothnian (B) stimuli, when the listeners have been divided

into "dialect" groups,

The first three groups show apparent similarities in their Judgments.,
This is not very surprising as the geographical distribution is rather
small, which should mean greater intercommunication possibilities and con-
sequently greater familiarity with the respective dialects,

Group 2 had either only the acute FD pattern or the grave in common with
the two speakers A and B, The reaction of this group to the stimuli sug-
gests that groups 1 a, 1 b, and 2 all might have one common underlying
perceptual pattern, But from this experiment alone, it is impossible to
make any definite statement on this point (CF. test \/)e

Croup 3 reacts in a quite differsnt mannsr. The scores for both speakers
deviate by +30, but there are considerably fewer correct responses for
speaker A, (Groups 1-2 produced velues indicating guessing for speaker B.)
It is, howaver, probable that the rich opportunities for this group to be-
come acquainted with the Scanian dialect (as well as with the speaker)
have played an important role.

All groups gave considerably mora correct responses to the grave words
which might indicate that there is something in Hadding-Koch's tentative
supposition that accent 2 for different dialects has somo sort of common
characteristic (1961, p. 69). The grave accent is, however, gencrally con-
sidered to be marked, and in a number of porceptual experiments I havg no-

P ]

1 The groups included 26, 9, 16, and 5 listeners, respectively.



ticed that listeners tend to favour the marked member of an opposition,
when a stimulus is felt to be somewhat "stranée”. This must also be taken
into consideration,

The following conclusions could obviously be drawns a) There are at least
two perceptual patterns for the Swedish word tones, b) One's own dialect
pattern is generally of vital importance for the identification of isolated
accent~1 and accent-2 words, This is certainly demonstrated by the reac-
tions of the Scanlan listeners (group 1 a), wherc most Scanian stimuli are
Gorfectly identified, while West Bothnian stimuli produce guessing, G) Pa-
renthetically it could be said that tha rusponses to speaker B actually
seam fo be too high, if only the shape of the frequency curve of the first
syllable is to be considered, One might in such a case bhave expected the
correct responses to be very fow, i.e. only a few percent. Some feature or
other, besides the fundamental freguency of the first syllable, evidently
contributes to the interpretation. There is of course more than one possi-
bility, hut one of them might be the obvious fundamental Frequency differ—
ences in the second syllables for speaker B (cf. Fig. 4), d) In any case
it is evident that a few listencrs have, at least to a certain extent,
acguired a faculty to manage (two) differentsystems, A few listeners (only

have
4 in all) in groups 1 &, 1 b, and 2 all 30 responses correct for both sets
of stimuli and gquite a few have almost as high a score for the "unfamiliar”

dialect as for the dialect most resembling their own with regard to the

f pattern (in most cases however with the highest score for the latter
0

type).

JTest IT

"T am inclined to r@gafd the place of the peak within the stressed vowel
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and the direction of the melody curve (mainly falling or rising) which
follows from this difference, as the distinctive feature for word accent
opposition." (Malmberg, 1955 and 1962 ), In the latter of these works he
proposes, on a higher level of abstraction and "without having made the
final auditory and synthetic tests'", to denote the falling and rising
curves "low" and "high", respectively.

There is no doubt that most authors agree with Malmberg that the funda-
mental frequency in the stressed syllable is the most relevant factor
(see e.g. Fintoft, op.cit.).

The experiment below was intended to test the information in the isola-
ted stressed syllables, With the aid of the electronic gate the last syl-
hlables were removed énd the resulting stimuli were arranged as above.

In all, 12 stimuli were presented 5 times to 30 listeners, which gave

1800 juggments (900 per sp@ak@r),

Rasul ts

Fig, 7 gives the scores for the listeners treated as a single group,

A &
vaken 83 19 %
vaken 83 % 21 %
skdtten 93 T 31
skbtten 723 % 13 9%
témten 87 % 21 %
tomten 79 % 18 Y,

Fig, 7. Percentages of correct responses to Jcanian (A) and Hest
Bothnian (B) stimuli (all listeners treated as one group) .
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The corresponding values for test I were considerably higher,q but for
speaker A we still have high scores, while the scores for speaker B are
very much lower than in test 1 (between 16 and 51 % lower for the differ-
ent syllables).

All Scanian stimuli give scores that deviate by +3o; the West Bothnian
by ~30, In the latter case the listeners are evidently sure that the acute
words are grave and vice versa,

As the largest group of listeners belong to the Scanian or at least to
the "South-Swedish" type, it seems from the lower scores in this test rea-
sonable to assume that the second syllables possess a certain "distinctive-
ness", at least for the interpretation of some contour types,

This is confirmed by fig. 8, where a division into ¥dialect" groups has

been mades

Group 1 a Group 1 b é Group 2 Group 3
A B A = R B A B
85 % | Mk 1 91% 8% 87 25% =R 253fz

Fig, 8. Percentages of correct responses to Scanian (A) and ‘Yest
Bothnian (B) stimuli, when_the listeners have been divi-
ded into "dialect" groups,z

Considering the fact that some groups are very small a careful interpre-
tation is needed. The First three groups show, however, once more evident
similarities. Broup 3 with only 2 listeners (from Ramsele and Stockholm)
gives low scares also for speaker 38, which might indicate that the second
syllable is more important here. (CF, test ITL)

There is also some evidence that the second syllable might be of greater
importance for the grave words. Cf, e,g. Hadding-Koch, op.Cite, P 66,
where accent 2 is said to need its second syllable to be complete.

omsorscr

1 The differences are of about the same magnitude also if only the listen-
ars of test IT had been included in that test,

2 The groups included 15, 5, 8, and 2 listeners, respectively.
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Test TTL

Test IT suggested that the second syllables contain cues concerning the
acute : grave distinction. In order to find out how strong these cues are,
when the syllables are presented in isolation, the first syllables were
eliminated with the electronic gate,

The fact that the listeners in this way heard twice as many -—ten as -ken
was not considered to matter very much,

In all, 12 stimuli were presented 5 times to 30 listeners, which gave

1800 Jjucdgments (i.e. 900 per speaker),

Results

Fig. 9 shows the scores when the listeners have been treated as a single

group,

A s
véken 57 % 65 %
vaken 54 69 %
skbtten 65 % 73 %
skbtten 69 % 65
témten 62 % 69 %
tomten 47 % 71 %

Fig. 9. Percentages of correct responses to Scanian (A) and West
Bothnian (0) stimuli (all listeners trzated as one group).

Tn the following cases the number of correct responses deviate by +3r

for all Jest Bothnian stimuli, and for Scanian skétten and skbtten. Also

toémten for this dialect indicates (relative) certainty (+2o0). In all other
cases the listerers are guessing.,

If we split into "dialect" groups, the results are as follows (Fig. 1D):
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Group 1 a © Group 1 b . Group 2 . Group 3
A . A B AR R
B0 | 67 1 61 % | €% S9% [ 69% 82 b

Fig., 10, Percentages of correct responses to Scanian (A) and Yest
Bothnian (B) stimuli, when the listeners have been divided
into "dialect" groups,

The scores for groups 1a and 1b deviate by +30"(both speakers). For the
West Bothnian stimuli, groups 2 and 3 have the same deviation, the score
being considerably higher for group 3. The 3canian stimuli give for group
2 a deviation of +2o (i.e, relative certainty), while we have guessing for
group 3,

A remarkable thing is that also the groups la, b, and 2 have higher
percentages for West Bothnian than for Scanian stimuli, and that these
values are appreciably higher than the values for the corresponding first
syllables in test II. Group 3 had better success for both speakers when
listening to the second éyllables and in fact gave for spesker B the same

score as when the whole words were presented in test 1,

Test TV

The second syllables evidently contain so much information that only one
group for one of the speakers produces guessing. The investigation below
was carried through in order to test how much this second-syllable infor-
mation is able to influence the perception, if the first syllables from
the acute words are combined with the second syllables of the grave words,
and vice versa, The cuts were made manually just in front of the bursts,
which are easy to locate auditively as well as instrumentally.

st

1 The groups included 15, 5,8, and & listeners, respectively.,
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In all, 12 stimuli were presented 5 times to 29 listeners, which gave

1740 judgments (i.e. 870 per speaker),

Results

Fig. 11 shows the responses for the listeners treated as one group.

A B
va-ien 93 12 %
Vai~kén 96 ‘h 5 4
sko-Lthn 96 % 10 %
skt=-ttén 99 % 7 %
toHm-tin 95 Y 13 %
thim—-tén 98 o 10 %

Fig. 11. Percentages of responses (in accordance with the first syl-
lables) to Scanian (A) and West Bothnian (8) stimuli (all
listeners treated as one group).

The scores for the Scanian stimuli (reported in relation to the first
syllables) are apparently very much the same as in test I where the un-
changeq test words had been presented, but higher than in test II.q For
the West Bothnian stimuli they are much lower, generally considerably
lower than in test II, where only the first syllables had been presented,
and already those data were very low,

The second syllables evidently seem to be of greater importance, if the
listeners {most of which arc Scanians) hear the more unfamiliar dialect,

grouns the re

=

}

ulte

4]
U

411
L

If we split into "diaslect are as in Tig. 12,

N

1 The higher scores in this tést_as compared to test IT probably depend
on the more "natural" disyllabic stimuli here,



Group 1 a ; Group 1 b % Group 2 . Broup 3
R B A TETTTTTR I !
99 9, 29 100 % 16 h L 100% (14 6 0 S5k 30 %

Fig, 12, Percentages of responses (in accordance with the first
ayllableg) to Scanian (A) and #est Bothnian (B) stimuli,
when the listeners have been divided into "dialect'groups,

Also grmupCﬂ(consisting of only 2 listeners, however,) has difficulties
in interpreting the West Bothnian stimuli. Judging from the scores for
all groups the sacond syllables produced by speaker B contaln more infor—
mation than those produced by speaker A, This is what could be expected
from the fundamental freguency curves (figs., 3-4), If, however, the greater
Fundamental Frequency differences between the second syllables of the
acute and the grave words for speaker B are symptomatic for most Central
and Northern Swedish dialects as compared to the Southern type(g) is hard

to say, but e.g. Meyer's data indicate such a difference,

Test V

In this test only the first syllables of vdken and vaken were presented,

In these syllables successive final cuts had been macde with the electronic

gate. At every cut portions of about 20 msec. were eliminated. Part of the

@

investigation seems to be very much the same as has been done for Norwe-
gian by cfremova et al. (1963).

In all, 42 stimuli were presented O times to 28 listeners, which result-
ed in 5880 judgments (BDBD for speaker A, and 2800 for speaker B),

P

1 The groups included 15, 5, 7, and £ listeners, respectively.
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Besults

Figs, 13~14 show the scores when the listeners have been treated as one
group, Stimuli No. 1 consist of the whole first syllables, A higher number
denotes & larger incision,

va(—ken)

stimulus 1 2 3 4 9 &) 718 9 116 11
response | 76 % 74 % 71 % 77 i 84 % 79 % 71 b EA b 67 i 64 61 %

val —ken)
stimilus | A1 2 3 A4 5 6 7 8 9 0 11
response | 71 % 64 % 71 h 68 % 69 % 76 hi 67 % 61 % 59 T 66 % €0

Fig, 13. Percentages of correct responses to Scanian stimuli (all
listeners treated as a single group).

va(-ken)

[sp)
~3
m

9 10
a4 % 68 % 54 b, 65 o

stimulus 1 2 3 a 5

[8)]
~
S~

response 516 %549 %éZOf% 27 i 26 Yoy 2

va(-ken)
stimulus 1 2 1 3 4 5 6 7 9 9 110
24 9 20 %l 19 % 14 H 26 b 26 P 36 % 51 i 50

response 21

Fig. 14, Percentages of correct responses to Yest Dothnian
stimuli (all listeners treated as a single graup).

As for the Scanian speaker (fig. 13) the Jjudgments deviate by +3o in
all cases,

For speaker 8 (Fig. 14) the deviation for véken stimuli No, 1-6 is -3y
and for No, 7 -2o% Up to this point-it might be said that the listeners
are sure, or relatively sure, that the presented word had been vaken in-
stead, Then we get a dramatic shift to positive deviations (+30~For stimue

1i No, 8 and 10, while No. 9 only gives +1o, i.e. guessing).
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vaken (For the same speaker) gives ~3o0 for No, 1-8, then guessing., Po-

sitive deviations never occur,

IFf we split into "dialect" groups the responses are as in figs., 15-18,

Scanian Stimuli

Cstimulus 1 ) 3 4 5 6 7 8 9 10 11
Group 1a 89 % 89 % 83 % 88 % 95 % 92 / 80 / 63 ,/o 69 / 75 /0 65 %

Broup 1b | 55 % 55 % 60 % 70 %70 % 60 th 50 i 6

Group 2 80 %) 70 Y. 68 % 80 % 83 % 70 %65 %
Group 3 40 9 47 %147 i 33 %53 % 68 0/80 %: 73 / 73 %160 % 80

Fig, 15. Percentages of correct responses to Scanian véken,

% stimulus 1 2 3 a 5 6 7
Group 1a | 80 % 75 % 86 % 78 % 83 % 85 b 83 P 72
Group 1b 55 % 60 %! 50 % 40 % 50 % 45 b S0 %
Group 2 | 68 % 56 % 63 | 65 63 h 73 h €0 % ¢
Group 3 | 47 %40 % 4D % 53 % 53 % 73 % 40 %

Fig. 16, Percentages of correct responses for Secanian vaken,

broup 1a (with Scanian ligtenars) responds in a manner indicating great
certainty. The deviation from the theoretical meens is in all cases of the
order of +3o; For stimulus No, 11 (Xéﬁgg) this is somewhat surprising con-
sidering the fact that the whole Fundamental frequency drop during the
latter part of the vocoid has been eliminated, and only the initial con-
toid with its rising fundamental frequency together with a continued fast
rise during the very first part of the vocoild remain5.2 For vaken the
shortest stimulus also displays a rising FO but here it is slower, Evident-—
ly the rise in itself cannot be the differential cue, Most probably the

1 The groups included 13, 4, 8, and 3 listeners, respectively.

2 For vocoid durations giving different types of responses, see fig., 19.



intensity gives some information. In the acute word the intensity peak
is reached, which is not the case in the grave word (of. fig. 3). This
would agree with Hadding-Koch's findings (pp.cit., p. 73). She had ob
served a phase difference between freguency peak and energy maximum for
accent 2, while accent 1 on the other hand is characterized by & phase
correspondence between these two factors,

Group 1b only in two cases manages to cross the guessing-certainty bound-
aryq which is somewhat surprising when we recall the responses to Scanian
stimuli in the other tests, As the group is very small, individual liste-

er's. responses affect the results to a high degree. Here it is particu~
larly one listener who gives incorrect responses throughout for the Sca-
nian stimuli (and correct for the West Bothnian), In test I the same
listener responded guite correctly to both dialects.

Group 2 produces judgments indicating certainty or relative certainty
for véken stimuli No, 1-9, then guesses. For viken guessing appears fram
stimulus No, 7, where we still have an obvious fundamental rise, This
~rise is, however, considerably more pronounced For stimull with lower
numbers, wheres we have certainty.2

Group 3 displays great uncertainty all the time which is not very sure
prising as this group seems to favour an interpretation according to the

second syllables,

1 Véken stimuli No. 4 and 5 (+207.

2  An "occasional' guessing value also appears for stimulus No, 2.
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West Hothnian stimuli

L stimulus 3 71 B8 19 110
% Group 1a 26 : : % 71 %
Group 1b 0, 25 % 70 %
Group 2 < 40 %83 % |
g Group 3 27 bl 53 453 %E

Fig., 17. Percentages of correct responses to West Bothnian vaken,

83
m
~J
@

9 10
29 % 46 % B2 %
70 % 70 %

stimulus 1 2 13 4
Group 1a 25 4 23 7h 18 % 18 %
Group 1b 20 % 20 % 20 % 20 % 20 %25 %40 % 60

@O
-~

=2
N
o
B~
N
N
B

Group 2 20 % 25 %20 % 8 %h 10 %23 623 % 30 9% 40 438 b
Group 3 7 7 33 % 27 % 47 % 33 %40 %40 % 83 4 73 % 47 G

Fig. 18, Percentages of carrect responses to WYest Bothnian vaken,

Scanian listeners (group 1a) give, as was done earlier, acute~responses
to grave stimuli, and vice versa. For véken, howaver, we get guessing for
stimuli Na. 7 and 9, and acute-responses for stimuli No, 8 and 10, Stimulus
No., 7 ends in a small rise, substantially smaller than in No, 6. Evidently
a distinct rise is necessary Tor grave-responses, ror vaken we get guess—
ing from stimulus No., 9, where the final freguency drop has been eliminated.

Group 1b reacts very much in the same way as group 1la, and & definite
transition to guessing and acute-responses for véken occurs at the same
points, Here the listeners are not guite so certain as to the grave char—
acter of the word, which is clearly shown in fig. 17. The grave word gives
acute-responses as long as the frequsncy drop is large (stimuli No. 1-6).
Then we get guessing for stimuli No, 7 and 8, and grave-responses for No. 9
and 10, where FO is more level,

exrnsene

1 The groups included 13, 4, 8, and 3 listeners, respectively,



67

Group 2 needs a substantial rise to give grave-responses (Xéﬁgg, stimuli
No. 1m5). With a more (Gemtral amd) level FO the acute-~responses predomi-
nate (from stimulus No, 8). The grave word, with an fD rise only at the
very end of the first syllable, generally achieves acute-responses,

Group 3 reaches certailnty only for one stimulus (Xéﬁgg No. 1) and is in
fact sure that this stimulus was véken instead.

As a complement to figs., 15-18 the vocoid durations for different types

of responses are given in Fig, 19.

Summary and discussion

The experiments reported above were based on the opinion held by most
authors that fundamental freguency differences are the primary-cues for
the Swedish so-called word tones,.

As different dialects may have quite different patterns, two speakers,
representing approximately opposite types, were chosen, The listeners,
also representing different types, were split into "dialect" groups accord-
ing to their own fundamental freguency patterns, a more objective means
than grouping according to the listeners' personal opinions concerning what
dialect they belong to, particularly as some of the dialects represented
here evidently constitute transition types between the more extreme pat-

terns used by speakers A and B. This grouping also made 1t possible to in-

clude listeners from dielects with only few representatives,

Test I, where acute and grave words were presented without incisions, clear-~
Ly shows that we are to a very high degree dependent on our own dialect
pattern when we interpret. This is at least the case when we listen to iso-

lated words,
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Some listeners seem perceptually to have succeeded in learning more than
one pattern., In a few cases the listeners even respond guite correctly to
both speakers,

In connected speech the context is bound to give the most relevant in-
formation, but also if this should not be the case we probably only need
a few words From a speaker to map his pattern in relation to our own, This
is one of many areas concerning speaker-listener relations that should be
investigated further, From laboratory research we know that acoustic sti-
muli often give different responses in different surroundings, but we still
know very little about what conditions are necessary for us to learn, and
to sccept, patterns different from the ones we are accustomed to,

Test IT, where only the first syllables were listened to, indicates that
for groups la, 1b, and 2 the information in these syllables is guite enough
for a correct identification. For group 3 (with only two listeners in this
test, however) the second syllables seem to be of greater importance, but
also for the other groups these syllables evidently contain some sort of
cue, as the scores particularly for the Hast Dothnian speaker are con-
siderably lower than in test I,

That the second syllables may be of some importance is clearly shown by
test 111, especially for ths West Bothnian stimuli (speak@r B). This is not
very surprising, as the fundamental freguency differences between the se-
cond syllables of the acute and grave words are rather great, considerably
greater than for the Scanian speaker. Judging by Meyer's data there are
quite a number of dialects that possess the same great differences, while
other dialects do not, (The fundamental freguency differences in these
syllables seem to be very small e.d. for the Scanian type, and at least
for some dialects of SmAland, Halland, Gotland, and Dalarna,.) It is, how-

ever, evident that the groups la, 1b, and ¢ to a certain extent succeed
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also with the Scanian pattern, in spite of the small FD differences, but
that they are still more successful with the speaker b stimuli, The small
third group guesses for the Secanian stimuli but gives as much as 92 % cor-
rect responses to speaker [, i,e, exactly the same as in test I, where the
whole words had been presented.

The above observations cooncerning the distribution of cues between the
first and second syllables seem to be coyroborated by test IV, where the
first syllables of the acute words were combined with the second syllables
of the grave words, and vice versa,

It should be remembered, however, that in all our experiments we have
been dealing with isolated one or two-syllable stimuli, The second syllab-
les of our test words have weaker stress than the first ones, and, in spite
of the results reported here, their importance might decrease in running
speech, as the weaker syllables, particularly in accent-1 words, may be
used for the sentence intonation (Haddinngoch, op.cit., p. 66)./i But it
is difficult from the above results to imagine their information load being
reduced to zero, at least for dialects with large fo dif ferences,

Test V finally, where successive cuts from the ends of the fFirst syllab-
les of véken and vaken bad been made, showsd, as. did the other tests, that
the first three groups react in very much the same way, They might conse-
quently be considered to belong to the same "dialect group™ with respect to
the acute:grave distinction, The scores for the Tourth group (group 3 in
the t@sts) do not give very much here, as in this test only the first sy L=
lables, or parts of them, were listened to, and in view of the fact that
this group throughout had tended to favour an identification according to
the second syllables,

et

1 This might, on the other hand help to create greater differences between
the second syllables for the two accent types than reported here for the
Scanian speaker,
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What seems to be guite clear from the scores of the first three groups
is that they need a fundamental frequency rise to perceive a grave wordf
and a fall to hear an acute. The Freguency change must sometimes be rather
large to be reflected in the listener. responses. An exception was stimulus
No. 11 for Scanian véken, where the listeners of group 1la (the Scanians)
were able to respond correctly alresdy at the freguency peak, 1.e. before
the typical acute-~fall had even started. As cues like duration and vocoid
quality hardly can be important here, this probably depends. on genarally
redundant intensity information, perhaps of the kind reported by Hadding—
- och (gp,@iﬁ., p. 73), i.e. a correspondence between frequency and inten-
sity peaks for accent 1 and a phase difference between thase parameters
for accent 2,

Tt is plausible to assume that familiarity with a speaker's voice charac-
teristics is of help when we interpret, as is probably the case for other

phenomena than the word accents as well, but Fintof t-Mértony (op.cit.) sug~

tions to the average freguency used by the speaker, but merely identify
the accents by the FD variation itself. In 1965, however, Fintoft assumes
that the starting point of the fundamental freguency in the vocoid in re-
lation to the average fundamental frequency used by the speaker is a cue
for the identification. This may very well be true, particularly if the
starting point is very different from the average fundamental frequency so
that one of the accent possibilities may be effectively excluded, There is
at least some evidence to this effect in this test, But a rise or a fall
af the fundamental frequency seems to be the esscntial thing,

Tf the fundamental freguency in the first parts of the vocolds should be

——

1 OF. Fintoft-Martony (1964) who were working with listeners that needed
a fall for this accent, instead.
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of primary importance, this would be contrary to the findings of e,g. Heinz
et al, (1967), where the last part of a stimulus (with continually changing
Frequency) was proved to play a dominant role, This has, Furthermore, been
shown to be valid also for more complex stimuli (Johansson, 1967, 1969a,
and 1969b, concerning final formant transitions).

That the relation Letween various parts of an utterance may sometimes be
of importance was shown by Jassen (1963), who only by altering the funde—
mental freguency of a preceding unstressed syllable brought about change in
the responses,

Malmberg (1955) felt inclined to regard the place of a frequency peak
within the stressed vocoid and the direction of the melody curve following
from this difference as the distinctive feature, With the pesak in the First
part of the vocoid (For the Scanian dialect) accent 1 was heard, while a
peak in the latter part achisved a change to grave responses. For other
types of Swedish the pattern may be cuite the opposite.

Test V above showed that the position of the peak in itself cannot always
he the distinctive cue, but rather the fundamental frequency change, upwards
or downwards,

In spite of the often continually changing fundamental freguencies, and
in spite of what has been saild about level freguesncies not glving the ime
pression of word tone, T would prefer, like walmberg (1962), to speak of
low and high levels from a perceptual point of view - low for the acute
with falling frequency, and high for the grave with rising, at least for
the dialect regions covered by groups 1a, 1b, and 2, One reason for this
is the way in which group 2 reacts in this test, Acoustically, koth the
acute and the grave words for this group are characterized by mainly fall-
ing fundamental fregquencies in the first vocoids, the difference being that

for the grave words the fundamental starts at a higher frequency, and hangs
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on there longer, than for the corresponding acute words. In spite of the
listeners' own acoustic patterns, they need, as did the listeners of groups
la and 1b, a rather pronounced rise to interpret a stimulus as grave, i.e.
it seems as if their own acoustically high (18vel) grave type could be re-
garded as a variant, an "allotone", of the rising type. An investigation

of how listeners from the other dislects would have responded to a speaker
from the group 2 region would probably have enlightened us further on this
point.

There is evidently no doubt that the Ffundamental freguency of the stress-
ed syllable is a dominant cue for the acute:grave distinction, at least for
some dialects, but the experiments above have also shown that the second
syllables may be important. (This must, however, be investigated Further. )
Tt also seems probable that the intensity may provide sometimes essential
redundant information. Other factors, as duration, vocoid guality, can
hardly be primary cues, nor can the syllable boundary.

However, one interesting thing is thatb most parameters discussed in the
literature in connexion with word tones are parameters that are able to
contribute to the perception of loudness, On the functional level the whole
thing may therefore very well in the end turn out to be a guestion of pro-—
minence or stress, at least for some people. This would help to explain why
whispered "word tones" are possible, as reported by some authors (e,g.
Segerbéck, 1966) . The more similar frequency patterns of the two syllables
within the grave words for some dialects, and the relations of these pat-
s to each other, are factors that may also very well fit such a way of

reasoning.,
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