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DIPHTHONGIZATION IN THE I'iALI/|O DIALECT

Gösta Bruce

1. Defínition of the Malmö dialect. The dialect under examinatíon in the

present study constitutes a part of the Scanian dialect ("skånska"), the

kind of Swedish used ln the very south of Sweden. Malmö is the principal

town of the province of Scania ("Skåne") with about 250 000 inhabitants,

i.e. one fourth of the populatÍon of Scania. Scanian itself exhibits in

certain important respects phonetic characteristics quite dífferent

from those of Standard Swedish. This is in part due to the fact that the

province is former Danish territory and only in the 'l?th century - after

the conquest of Scania by Sweden -. did Swedish become the offÍcial

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 thet of

Standard Swedish, ulhile some of the habits of pronuneiation are DanÍsh'

or to be more precise, East-.Danish. Since the conquesi Scania has become

increasÍngLy SwedÍsh. According to Ur/itting (fgSg) the following general

remarks can be made about the Scanian dialect from a phonetic point of

view: "Its three chief characteristics of pronunciation are, bríefly:

[f ) the exeeptionless use of the uvu].ar (or velarJ r instead of Central

Swedish alveolar r; [ZJ r tendeney towards a pervading diphthongization;

[aJ an almost comp]ete inversion of the intonational pattern of tonal

accentsr "acute" (accent ï) versus "grave" (accent II) as found in

CentraL Swedish". The present study will be confj"ned tc the examÍnation

of point 2, i.e. the diphthongization, [R Urief discussion of the

definition of the concept of diphthong will be given below. So far Ï

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

vowel. l
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2- Ihe status of the diphthongs. To avoicl misunderstanding I will make

a ciistinction between two types of diphthong in Scanian. The MaImö

diphthongs (as well as those of other towns in southern and western

Scania) are very recent developments. They ar€ opposed to the diphthongs

found in northern Scania both in pronunciation - although they have

certain common features - ancl in historícal development. These north

Scanian diphthongs developed in the 15th century [',Vessén). Tt is the

latter type of diphthong that is usually referred to in the Literature

as typically Ëcanian. In the present Study I wilL concentrate upon the

Malmö type.

'rtìJhen examíning the; diphthongs one notices a social distribution in

their use. Generally speaking, the diphthongization of the vowels is

regarded as socíalIy substandard and is avoided in the neducated"

dialect| r,lhere there is a tendency to approach the standard swedish

norm by using more or less "pure" vowels. It j-S, however, outside the

scope of this study to penetrate this "vertical" dimension too deeply'

The ctiphthongs in the tvlalmö dialect are regarded merely as surface

manifestations of single underlyíng phonemes. The diphthong has no

direct distinctive function ISee for further ciiscussion p' 5: rshort vs'

long vowelst ). 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 hís own

diphthongj-zed vowels.

3 The vowel system in the MaImö dialect - i.e. the relations between the

vowels contalned j-n the system Idisregarding the physical manÍfestation)

ls very similar to that of Standard Swedish' There are 9 vowel phonemes
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in opposition to each other, all I of which appear long and ? short [cf.

Stand. Sw. g long vs.9 short). Vowel length rather than vowel quality 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. J for the moment we accept this view for the MaImö

dialect too. The following vowels are found (the same symbols are used

for long and short vowels, ignoring at this level any quality differences

between a long-short vowe] Paír):

rons = /izl /etl ler/ /vrl /útl l*.1 lurl lotl lozl

short = lLl /"1 /v/ lþl /"/ /"1 lal

As shown above there are gaps for short /€l and fcf, tne choice of the

syrnbol f ef :nstead of 16l t" cover the gap is arbitrary. It does, however,

reflect the phonetic reality. The coalescence of short lel and lel is a

common phenomenon in Sruedish dialects. The short l*/'grp, however, is less

common. Modern Ëwedish lal nas cieveloped from an earlier baek lul-vowel.

This fronting has also taken place in the furalmö dialect, giving l,ang fa:f,

but the short counterpart has never been fronted.

4. The vowel_lglggÞ, so far I have used diphthong in the sense of diph-

thongized vowel. As mentíoned above there are assumed to be no underlying

or phonemic diphthongs in the îv1almö dialect" The diphthongized vowels are

the physical manifestations of single phonemes.

Generally speaking the vorvel phoneme - i-n any language - can be said to

represent the vowel target, the icleal phonetic value at which the speaker

aims. Each vowel, - syllable nucleus - has at least one target. The target

can be manifested differently in the time di.mensioni (i) as one steady

state throughout the vowel (monophthong, i.e. a more or less static vowel),

(ii) 1n the initial part only, followed by an off-g1ide from the target

steady state or (iii) in the final part only preceded by an on-gli-de to the¡
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target ste'=dy state. Type Ii:-) anA (iii) (Let'riste-Peterson ItSe t] "gIid*"

but often in every day usage referred to as *'diphthongs" tr "diphthongized

vowels") are clynamic as opposed to the fi-rst type. Further, there are Iiv),

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 1evel, as the

question does not seem to be crucia} for the present study.

In the diphthongal realizations of the long vowel phonemes in the Malmö

dialect, it is the second part of the syllable nucleus that constitutes

the target; i.e. the target j.s reached with a tim'¿ delay (typ" 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 posj-tion [See fiç¡. tt).'rutrether to classify the diphthong-

ized vowels in the lvialmö cjialect as cllphthongs or glides - with reference

to the above definition - is an open question. Some of them may be inter-

preteci as having two targets, others seem to have just one. If you claim

that a steadv state is a, manifestation of a target, then some of the vow-

els in the tvlalmö dialect could no doubt be called diphthongs ( type iv) .

It is probably futile to make this dæcision on phonetic grounds only'

["Glide" according to the definitions Iii) anct (iii) ç¡iven above is from

no\¡v on included in the tcrm "diphthong".]

Ã Effect of speaking rate. I believc that it is a question 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 steaciy states with an intermeciiate glide

connecting them. This optimum is seldom reached in spontaneous speech.

Thomas Gay IHaskins) has recently investigated the effect of rpeaking rate

on diphthongs in American English. In JASA IOec. 1968) he writes: "Resu]ts



indicate that onset target position anci second formant rabe oi' cl,ûnge are

fixed features of the dÍphthong formant movenient, r¡rhile offset targct po-

sitions arc variabl-e across changcs in duration." If this statement pl'ovos

to be true nob only for American En.-;lish it would be possible 'bn desc,ribe

a cliphthong acousticaÌly in terms of onset stcaciy state position and es-

pecially second) formant rate of change ivith an indication, whether it is

a plus- or minus.-transition. At a fast speal<ing rate the offset targe'; is

ngver reacheci. In articulatory terms: the tongue is ntovj-ng at the same

rate from one vowel position towards another independently oí" speaking

rate. Thc accuraey of hitting the target posítions is jr-rst a question of

the speaking rate,

6. Tf,r!¡h!!glæ. It has been suggested that thera aril triphthcngs in tlre

Malmö dialect" Malmberg (svensk fonetik 1968J makes the claim that triph-

thongs are common in the southern Swedish dialect and that i'; is possible

to discern cven more vowel hues within one syllable nucleus. -lhis state-

ment is however nob supported by any Ëlxperimental data avail-abl-e tr: mc

for the MaImð clialect. 0f coursc this may dcpenci upon the definitir:n of

"triphthcng,'. lriialmberg has usecl a perccptual defini-ticln: th::ee clea::}y de-

scernablc vowel qualitius in r¡ne syllable nucleus. Thus when tire vowel

(Oiplrüro,rg) is for soma reason buing lengthened, e.g. in emphatic p:'onun-

ciation, there is a greater chance to clescern mclrË vowel qual-ities. But

in my opinion it is just complicating the descriptíon of the dialcct in

question to introduce the concept oF triphthong on perceptual grcrunds only'

ort versus lons vowels, So far I have discussed the diphthongization7. Sh

of the long vowel phonemes. lliith respect to theír phonetic m¿rnifasta';ion

the 7 short vowels in the lr'ialmö clialect can be transcril¡eu as fi] ["] ty]

lúl [u] [o] [* ] 
1 

[See fig , 2) ^ The short vowels - at least the more close

1 The short vowels in iVìalmö speech are not entirely identical in qual ity
with the 3tand. Sw. counterparts, r,vhich f have lriecl to express-by th'
use of other phonetic symbols.flol'some of them. For e><ampfu [Y] is l¿ss
palatalized and [.ei i* more front.
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ones, are also sometj-mes diphthongLzed, fn the short vowels the diplrthc:t-

gization lies in the final part of the vowel [typt ii) as opposed to that

of the long vowels. The target is reached at once, after which there is,

or may be, a gli.ding off the target towards a mclre open and central vowel

psition.

preliminary measurements aF the quantity of "short" end "long" vowels

suggest u-rat in the [4a1mö dialect there is litttc or sometimes no cliffer-

ence in length between them (cf. for Stand. Sw. - Etert 64). I would say

that the ctífference - in the substance - lies rather in the clíphthongiza-

tion: the "longo' vowels are manifestecl as diphthongs - r,vith an initial on-

glirJe to the target; the "shorb" vowels are manifested as monophthongs or

may be ctiphtiron$ized with an offglitle from the target, which is in'the

initial part r:f the vowel-, Irr this 6ense the diphthong Idiphthongjz-ed long

vowel) may be attributed a distinctive furnction vers!'s the mor;oph1-hong Ior

differently diphthongized short vovrel * Sæe page 2 -). n minimal pair: þg!

løutt/ (= pe::ance) --\ [¡fit] - St,L!/but/ (= lived -+ [¡Gt] *ny exen:¡;:i- .

fy the s'tatement,, The difieyence in the Malmö dialect is thus p::imarily

one of diphthongization"

Anoürer strikirrg fact - obvious from the spectrographic analysis - is

that the short vowels compared to tire iong vowels are usually more

',extreme", 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 vou¡ets') Tense - lax

(3ee Jakobson-.Fant-.Ha-l-1e 1952) reversed in the Malnrö dialect? Fr-lrther

investiagtion of this point may show whether this is due orrly to the 
:

speakíng-rate causing undershooting of 'bhe target' I::1cq/- shcd :jo¡nc lig:ht o

the definí'bion of the tense - Iax concepts

8. Diph thonqization.. As has been mentioned above all o1'the long vou¡el

phonemes are more or. less dipirthongized - at least in the "broad" dialect.
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(ln tfre ',educated" speech the uiphthongization is reduced, but even if

people try to reduce the diphthongization in accordance with the Stancl.

Sw. norm, it is striking that the vowels futf and f o'.f very often remaj-n

diphthongs in their speech.) ff we look more closely at the actual

diphthongízation of each vowel, we will easily 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 üre common MaImð dialect, i.e. neither the extremely broad

nor the âeducated" dialect, From the spectrographic data a vowel diagram -

Ft+2 plot - (figure 2) tras been made, Each diphthong is marked with an

arrow indicating the direction in which the diphthong gl-ides. The short

vowels are used merely as references and are marked with a small crosst

the crossing-point of Fl-.F2. The findings are also supported by studies

of spectrograms - kindly put to my disposal by a colleague - of about

5O Malmö subjects with a similar background.

flne regularity apparent fro6 thc spectrograms is that the first compo-

nent of each diphthong is more compact than the secclnd component, [fne

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 is

the hreglnning. A third observation is that the first part of the diphthong

is always acute, independently of the features of the seconci part' Vhen

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 (Aipntnong) in the l,/lalmö dialect is Ii) more

open than the second component - the opening degree being dependent of

that of the second part, (ii) non-back and Iiii) usually non-round with

the exception of the front rounded vowels.
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9. Grave vovt¡e-þ. You will make an interesting discovery if you examine the

vowel diagram [tig. 2) a little more close]y. The díphthong that is the'

realizatíon of the phoneme fuz/ tras an F2 that starts higher than that

of any other vowel (F3, however, is eomparatively tow). This obser-

vation is evident from the overwhelming majorlty of spectrograms I have

examined. The originally grave vowel has a more acute starting-point

than any of the acute vowels, In accordance with Gayrs theory of the

eFfect of speaking rate on diphthongs mentioned above, the vowel luzl,

produced at a fast speaking rate would not reach the offset targetr oorb

sequently loosing some of its grave (or velar) quality. Thus the vowel

will become even more acute. How much of lts velar quality can /u:/ loose

without the perceptual result being affected? The same question is

applicable to lo:f, which elso has an acute starting-point. It is 
i

plausible that a rather insignificant glide from the onset target towands

the offset target is sufficient for a perceptual identification of lu;/

or fozl, It would be of great interest to make perceptual tests in order

to see how much of the final component of the diphthong be eliminated

without the perceptual identificatj-on being lost. A transcription - to a

great extent supported by the spectrographic data avaÍlable - of the

diphthong1zed fuzf and fozf wouLd give [ã] and [æ]. The interpretation

of the diphthongi-zation of the vowel l+t I as tæ"] or even extremely

tâ] is in my opinion rnore adequate than the traditionaf [âJ. [Malmberg

1968, )

10. Acutq Vqqg}._g. The vowel l¡'zl ts usually diphthongized [€i]. A fricati-

vation of the final element of the diffuse vowels ltrl, ly'|, /v¡/, and

/u;/ ts sometimes found, but is not as emphazised in $¡almö speech as in

$tand. sw. (see LinciLlom)' The diphthongized /L:/ found in fig' I displays
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a pattern that is more representative of the "educated" Malmö dialect

than of the common dialect. The vowel is somewhat "Viby-coloured" ffor

definition see Malmberg). The vowel feif ean be transcribed phonetically

[æ]. The f inal component has a very high F2 and is sometímes inter-

preted as [i]. The vowel /t; I t= less diphthongized than the other acute

voweLs and may be transcribed t€È]. The vowel in questíon exhÍbíts a

vowel quality that is peculiar for Malmö (and $outhern Scanian) speech:

a flattening that might be due to pharyngeal constriction. It would be

interesting to use X-ray film to investigate thls question. Some of the

same quality as ¡n /tz f fs present tn /þz / , diphthongized as 16il. This

latter vowel ends more eompact than $tand. Sw. lúrl. The transcription

of the diphthongízed fyz/ shoutd U" [Ívt]. The final part of the diphürong

is not necessaril. lV), but may also Ue [i] or [i]. The initial part,

however, must be [É] (ffattened) to give a correct identification of the

vowel. The vowel /*rl, finally, has about the same startíng-point as

f y;f , i.e. the transcription i" [G]. To sum up the transcriptions:

liz I ->¡e:/ è
/î,¿l +

lvzl + lÑl
l",l -¡ tøÈl

lÉzl a täËl

/"zl 4 tâl
lo,l *> fGl
/o;l 4 t6AJ

f /11
LElJ

i-r"l
IGâ]

11" Neu vowel theorv. An explanation of the historical developmenttral

of the diphthongs in the Malmö dialect is not easy to give and will be

only speculative. I will point to a few facts that may be interesting

in this connectlon. Begarding the vowel cliagram (fig, 2) j-t is apparent

that each diphthong [with perhaps one exception: the diphthongized lúz/)

starts at a fairly neutral position and ends at a more extreme positi'on'

This is a further generallzation of what has been said above about

diphthongization. I believe, however, that it is reasonable to say that

all Malmö diphthongs theoretically start at a neutral position Ischwa)'
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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 spectrographie clata to a

certain extent. In fact, then an adaptation of the first to the second

component has taken plaee, reducing the risk of perceptual confusion;

i.B. the close vowels have a relatively closer beginning than the open

vowels and the front rounded vowels are rounded not only in the final

part but already in the beginning of the diphthong to contrast more

effectively with their unrounded equivalents. But the back vowels -

redundantly rounded because they have no back unrounded equívalents -

do not run this imrneidate risk of confusion, so the first part is not

necessarily roundecl. The existence of an epenthetic vowel- before the

target in the long vowels, resulting in a di.phthong, might be regarded

as a coarticulation phenomenon. The vowel gesture is quite different in

the Malmö dialect compared with stand. sw. , ttlhere we find a well developed

coarticulation within the syllable. Prevocalle eonsonants in the fulalmö

dialect are not appreciably influenced by following long vowels¡ in

other words a non-sYnchronizing of the consonantvowel gesture might have

contríbuted to the development of the lvlalmö diphthongs. It, should'

however, be noted that even in a v[c)-sy1lable, i,e. when a vowel is

eyllable initial, this vowel will beeome a cliphthong. Therefore if the

diphthong is regarded as a product of coarticulation, this fact can only

be explained by analogy. The CV[C)-syl1able is more commont so the V[C)-

syllable has adopted the same pattern'

T2, Diohthonqization rules. Finally I will try to formalize Ín phonolo-

gical rules withín the general framework of generative phonology the

observations about the diphthongization in the Malmö dialect presented
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above ([iee for explanation of formaL devices 'Lound Pattern of English'

ch. SJ. The gener.alieations to t¡e captured in the rules shouLcl expreå.e;

at least che foliowing facts ( to repeaL what has t¡een said above).

filglt the diphthong consists of a g1íde segment - it may also be called

a semi-vowel or e. nnn-syllabic vowel p that is inserted before the

ori¡linal (fongJ vowe-l- segment * the vowel phoneme, i.e. the syllabic'

vowel:

(il í) --+ F::rl , I iäil

The feature [+ long] here implies the feature [+ stress]. fn an unst¡essed

position the lonç¡ r7owels are no¡ cliphihongi¿ed. nute (i) t"y also be

formulated in an alternative vúayr namely:

Iri)
1--r =vr-l

I n,J : .rtT
ffo:i F::t

The coni:ent:.:r r:ule (i) and [ii) is alrnost the same. f-ìule (:-i) expresses

that the long vowel s:p1its up l.nto two segments, where the fea'ture

T__ -.,i'T
[+ ron-q] appears aF, Ehe segme" t 

l; ::il , whích mav be a more elesant

way of expressing 'Ehe facts" Tc ¡recapitulate: a diphthong - in the

Melmö di-alect -' is dofined as a semi-vowef + a vowel '

The next step is to find a proiler framework for the deseriptÍon of

the diJ'ferent vovuel segments that ale contained in the diphthongs'

Languages that use four o¡:ening degrees for vowels (fVatma speech in-

cluded) are not easily described ej-ther within the Jakobsorrian (fSSZ)

or the ChomsKy-Halt-e (1.96¿iJ feature system. uÏancr [Language, 4 196Û) uses

only rwo rearures - f-¿ nrnñl ano þ mi-Jl to accoun, ¿ïyt.sue heisþts.
lj "J l: r

Accepting wanç¡'s feature framevvork, the clescription of the "front" Ûroup
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of vowels will be as follor¡,¡s:

(iii) hiqh
mid

L
+

Ae
:
+

e
+
+

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

vowels) lTang uses the features palatal and velar v,rith the redundancy rules:

[+ palatat] -+ [- verar] and
( iu)

[+ verar] --è [- paiabal]

If we choose for exarn¡:le the vowels [y] ["] [r] that represent three

different places of production, a mal.rix would have the follov'ring

appearance:

(") paf
vel

v

l
t Iu

+

ll[,rl

I believe, hourever, that it would be correct to have an alternative

versj-on of 'r,lang's redundancy ru1es, yielding instead:

t- pal] -) [+ vel] andlvi) L

[- ve1] --+ [+ par]

and thus ihe matrix:

[r]
( vi:. ) ve1

The treatr"nt la oul to account for the bwedish [t*]-vowel hasi been pro-
L+ ve!

posed by B. Lindblom [UeSn f, 1969)? I will adopt this ana]ysis here.

In this connection it should be noied that Ùhe inserted vowel sesment

- the $emi-vowel - always has the feaùure [+ fral], or even [- vef] to

restrict ir- even more. This is the second generaliz,ation to be made about

l
+
+

par
v

+

t lu

+

t

2 The L¡v,¡edish [u ] is phonetically 3 "front' vowel, but mig¡h't a-t this level
of representation be clefineu as S çgll ffor further discussion see

Lindblom op. eit).
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the diphthonglzation process.

I will use the feature [* r*¡i"t] to oistinguish between the two

groups of vowels that are produced with protruded or spread lips respec-

tively.

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

diphthonos - using lrlang's features - is given below:

[i] ['] tål [*] tvl Lúl [ou] ["] [,] tol tol

I var-r- J

pal
vel
high
mid
lab

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

- il:I ' r'vhich would havethe dialect, I have defined the vowel [d-] "= I -lJ ttt-" 
-,

been the definition of [:] j-f four tongue heights were represented for

the back vowels.

Now in combining the vowel segments in the matrix to form diphthclngst

the follawing third generalization can be formulated: An assimilation

process wiEh respect to ton¡.;ue heights is taking place. The inserted

half-vowel adopts an opening degree 'thai; íE; nne deílree higher than that

of the original "mother" vowel, It is possible to formalize this proce€ìs

using either binary or n-ary features, The binary moclel is formul-ated in

Iix):

+.

+
+

;
+
+
+

+
+

+

+
+
+

+

+

;
+

+

+
+
+

+

+

;

++

+

+

+

:

+

+

[:.r)
Ë =rrl
I uru]

- syl
- con
+ pal
-,6 ,tiigl'r
c( mid

+ syI
- 6On

d high
$ mid

For example if /tt/ is the original vowe] with the features F nlq;l
l_- mro 

_1

rhe gtide sesment soes to 
E ll3Ï, i.e. ["], sivirrs the cliph*rons [6ì]

(ryr assume so far that bhe çllicle becomes [- faU]). Us:.no ¡¡raded
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featur"es - n-ary features3 - instead of binary features to account for

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

(")

Let

l+ syl I

l- 9"n Iþ rono_l

- syl
- con
+ pa1
(n+r) rrisrr

l: ::l 
-l

þ r''iar.J
-+

Heplacing the features[1 hiqh] and [+ mid] by qraded heir;ht, such that

l r,efers to the hi hest vowel r 2 to the rlext hiqhest and so on, we hàve

trl [u] tgl [* ] [v] tdl [* ] ["] [,] ['] [o']

("1)hir¡h1234L2s1123

$o if the mother vowel has ton¡¡ue height 1, the instrusive elemen'b has

treight 2; for example [e] - height 2 - will be preceded by t€,] - heiqht

3 -, [f ] ov [ae] etc.

îhe n-ary treatment to account folbhe tongue heights of volvels seems to

be a simpler and more direct way than the coffesponding binary treatrnent '

The "one steP uP"-PrinciP Ie that is present ln the fr,4a1mð cliphthongization
binari

process does illustrate this" A complement to eg inary treatment

at the systematic phonemi-c leve] (for termj-nolo-qy see Harms 196S), then

reuuriti-ng of the bina¡y units into intege¡s in the low l-evel rules at the

systematic phonetic leve}. It is not clear, where in the hierarchy of

phonology to insert the diphthongization discussed above" Is it a $uPer-

ficial rule close to the final- phonetic output, ir is it a deeper-

lying process? A correct evaluation of the methods of treatinç¡ tongue

heights of vor¡,reIs for the l\Jalmö dial-ect presupposesi an ansvvelî to this

question,

Mrregardingthelabíali¿ationofthevowelsthereisernassÍmi-lation
process going on too. The front mother vowefs influence the inserted semi-

3,In bhe rules [x) and (xi-ii) [n] may assume one of the values I' 2t 3'
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volvels wi-th respect to the labialization, whereas their back equívalents

do not. Therefore we will have to divide bhe vowefs into two g¡oupe:

a front fpalatal) and a back [velar) greup. Takin5¡ j"nto account the

Labialization process (disreqarding the vowel heilht for Lhe mornentJ the

rule appears as (xii);

o(tat, l
Ël_/ -- l*
lor
_
l+/--l-
L-

l-::l t

l_+ pal_[
+I xi]- )

(xiii).,./ -)...

This labialization process may, hov,rever, be expressed otherwise by sAyínq

that berore an rri#?iähH"U¡ e.e. [u] or [o], the ¡1lide becomes

unmarked, i.a. [- fa5], beeause the glide has the feature [- vef]' ln

contrast a merked vowel, for exampte [f], influences the glide to become

marked too, i.e, [+ iab] in this case'

In rule (xiii ) , v,rhich is an attempt Lo compress in one rule all ge¡eral

factsconcerningthediphthonosexpressedsofar,wefindthat:

- syl
- con
+ pal
( n+r )hiqh

t-
l+
læt_

paI
lat:

[- ra¡]

syl
con
pal
lab

syl
eon
pal

[- p"r ]

labI + syl
- con
+ long
n high

This rule generates the optimal diphthonçJs [6L], [æ] , læ1, [Ð],

t;ù], t'Â], [€ù], [G], [æ], which seemsì to be correct. uutpu.i: cqn-

straints [not yet formulated) will then operate on this rule fs -¡ive the

final phr:netic product. Further, it will be required that 'bhe diphthogni-

zation process b:e related to other rules in the phonological component

(".g1. stress and quantity rules), which may affect some of the features in

the rule [xiii-).
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It should be emphazised that the present study is only preliminary'

Tt will be used as a working hypo'bhesis for further research. Therefore

comments will be much appreciated.
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lrìJORD TONES AND LARYNX MUSCLES

Eva Gårdlng

0, Outline

This is a slightly revised versÍon at a seminar talk given in Lund, May 1970.

Jn Section 1 I sha1l make a brief summary of öhman's model for intongtion

(öt''man, 196? a) and in Séction 2 L shall discuss the results of an EMB study

that was caryied out by öhman, Leandersson, and Persson to test öhmanrs theo-

ry (ötrman g!-4. 196? b). Section 3 is a preliminary report on an EtVlß inves-

tigation para1lel to Ühman's (See also Gårding, Fujimura, Hirose, 1928). The

lmplications of our otvn data are discussed in Section 4. They indicate that

öhman, s model cannot be entirely correct. ïn Section 5, a revísed versíon is
'

suggested and in 6, lvieyerrs wordtone data for Swedish dialects (Meyer, 193?
l

and 1954) are interpretecl in terms of the revised model. A correlatj-on of our

EîvlG data to the standard stress notation usecl for the worcl tones cor¡cludes

the report Iz).

1 of ûhmant s .model

öhman trled to j-ncorporate the Scandinavian word tones Ín a generaJ- quanti-

tative model for intonation [öfrman, 1967 a). The first version of this model

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

observed fundamental frequency curve for such a syllable can be decqmposed

into a positive sentence intonation step and a negatíve word intonation pu1se,

To give an example:

step-
functions

step

pulse
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The stepfunctions represent the on and offset of the nerve signals, Each

stepfunction passes through a fi.lter which simulates the inertia of the

anatomic structures. The filter has a smoothing effect on the stepfunction.

,/llhen the two inputs above have been smoothed anrl added to each other, the

output will be like the dotted line below:

By timing the pulse in various ways in relation to the step, öhman ob-

tains the configurations that he needs to approximate the word tones in

different dialects. [Meyer, 193? and 1954. The dialectal variation ii strown

in Figure 1, öhrnan's figure ÏÏ-B-3r op. cil. P. 23.) ':

Dialectal variation can then be explained as a difference in timing be-

tween the pulse and the step. The almost reverseo patterns in Stockholm and

Bkåne (Numbers 1-5 and 90-93 in Figure 1) are interpreted in the following

way: The tin¡e order of the step and the pulse is revers"U (l&-gi!. p. 26).

The acute and grave accents correspond in Danish to stÉd (a kind of glottal

stop) and !g_g¡!9. Smith (Smittr, 1944) made acoustic and physiologfcal meas-

urements of this contrast. In an EhlG investigation of the expiratory muscles

he found that words with stÉd are characterized by a brief and intense in-

nervation pattern compared to a more evenly distributed innervation in the

words without stÉU. This innervation is followecl by a sudden relaxation that

Ifor reasons not well unc]erstood) brings about a momentary disturbance or

inhibition in the vibretion of the vocal cords. The effect of this inhibi-

tion is a segment with a glottal stop or in most cases a segment with creaky

voice.

The fact that a glottat stop in Danish corresponds to the ecute accent in

Swedish gave öhman the idea of interpreting alt Scandinavian r¡'rord tones as

"glottal 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

st/U ttre vocal cords are adducted to such an extent that the vibratory pa.t-

tern becomes irregular. In other Scandinavian dialects - accordíng to the

theory - the effect is much weaker: the vibrations are inhibited but they

do not lose their PeriodicitY.

This glottal stop theory motivates ühmanr s choice of a negative pulse

for the word accent.

öhman's EMG study'¿.

öhman then looked for some physiological mechanism that was likely to have

anegative,thatispitchinhib,itingeffectonsentenceintonation.Inan

Eivi6 investigation tihman and his co-workers studied the behavior of two of

the intrinsi-c laryngeal muscles during the pronunciation of words wíth con-

trastive worù tonts and words wíth glottal stops. (ötrman et al.r 19F? b,)

The vocalis muscle was chosen as a. rcpresantative of the adductory ínuscles.

It is natural that this muscle should be active for glottal stops. That this

is indeed the case has been shown in earlier EfulG investigations, for in-

stance by Faaborg-Andersen. (Faaborg-Andersen, 195?.) fne cricothyroid was

selected because this muscle is known as the main tensor muscle and ùhere-

fore the muscle responsible for pitch control. i'Jhen the cricothyrotrd con-

tracts the cricoid arch is reised towarcis the anterior part of the thyroid

cartilage. In this process the arytenoid cartilages which are mounfed on top

of the cricoid lamina are tilted backwards. The tilt lengthens the distance

between the points of attachment of the vocal cords' (,9onesson, 1968t p. 51..

The voeal cords will therefore be stretched which means that during phonatiot

the pitch will go up. The effect of the cricothyrold actívity on pftch has

been extensively studied. (Arnolct 19e'1t Faaborg-Andersen 1957, CIhala 9!-9I.

1g6B and 1969. ) Expected electromyographic correlates to Ûhman's theory
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would be a period of inhibition in the cricothyroid muscle combined wÍth in-

creased activity in the vocalis at the time when the negative word pulses
I

are supposed to occur.

The results of the EiliÇ experiment, which was performed with needle elec-

trodes on a male subject speaking the Stockholm dialect, were inconclusive.

The main finding according to ùhman was a brief interval of inactivity in

the cricothyroid muscle which roughly coincided with the negative pulse.

There was no corresponding increase in vocalis activity, at least not in the

examples publishecì by the nuthors. Figurc 2 shows exarnples of the vocalis

ancl cricothyroici activity implied by the word tones. The inhibition 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 be expected in this kind of dialect'

The cricothyroid activity correlatcs very well with the fundamental f;'e'

quency curve in general. llith e. low pitch as in the }ast part of thc frame

ie_sa therc i-s a concomitant low activity in the cricothyroid. In my view

thÍs correlation can also explain the arrow marked interval in the grave

accented word in the figure and is not necessarily an indica.ti-on of a nega-

tive pulse. Increased activity in the vocalis would have made the negative

pulse interpretation more probable but the vocalis record does not change

in conneetion with the Pulse.

The electromyograms of the acute accented word do not give much support

for the negative pulse either. It is true that the arrow points to an inter'

val with reduced activity in the cricothyroirl signal- at a point in time tha

fits the postulated pulse but it is not accompaniecl by increased ectivity i
:

the vocalis muscle, rathep the conttary, In my opinion the reducçcl activit

in [:oth the cricothyroicl 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 then a manifestation of a negative pulse' The gap
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in the oscillogram for the occlusion of the g of the acute word is longer

than normal end certainly quite a bit }onger than the occlusion for the cor-

responding ! above in the grave accented word.

This experiment is the only attempt tha'b tjhman has made so far to give a

physiological basis to his theory.

In the fotlowing I shall discuss some rÉlsults of an Eit:G investi-gation pa-

rallel to ùhman's. 0n the basis of our ef'¡iG data I shatl propose an analysis

of worcí tones in terms of positive pulses only. This analysls is well suppor-

ted by the EMG data. It also fits the word tone data collected by Meyer.

lVly analysis may also be usetl to sketch the clevelopment of word tones in

Scanclinavian clialects from a common origin, I shall come back to this in

another cnntcxL"

3. EMG study IgårUinq, Fu,'iimura, Hirose, 19?A )

9sÞæsjs

The two subjects are E (femate) representing the Skåne dialect and L [mafe)

speaking a dialect in which the v'rord tones are manifested much the 6ame as

in the Stockholm clialect. His dialect may perhaps be described as Standard

l.¡¡iddle Swectish.

Test material

Our test material consists of some 2O sentences with the two word tones in

varying phonetic contest. The test worcls were put in neutral frames,and the

sentences were read with and without emphasis in a rj-sing-falling sentence

intonation. A t¡,P ical test sentence is de va pamen iq s-e r i.B. it was pamen

I said. The nonsense sequence Eggg was given the acuti: and the grave accents



27

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

whispered. Each test sæntence was read fifteen times serially. Ëo far only

part of the material has been processed.

l\,luscles

Since the experiment was a paral1e1 to ühmanrs, it was natural to chQose the

same muscles: the vocalis and the cricothyroid. In addition the ster¡rohyoid

was selected. This muscle has been shown to be active for pitchlowerlng in

b,oth English and Japanese [Hirano g*! a]. 1967 and Oha1a et al. 1968)'and it

was expected to have a similar function in Swedieh,

EMG equipment

Flgurc 3 shows the EMß equipmant. The electrodes are bipolar and consist

of thin wire threaded through the cannula of a hypodermic needle. The end

of the wire is hookecl. \rVhen the desirecl location has been reached the needle

is withctrawn leaving the electrode hooked to the muscle. (The experimental

procedures are described by Hirose ut ql.r 19?0.)

The mucosa of the larynx is gi-ven a tight anesthesia before the electrodes

are inserted through the nuck. The insertion is almost painless. Once the

electrocles have been fixed in the right position the sul:ject can talk in a

natural voice without ft:eling their prtsenc',i, Aftcr the session the wire is

removed by a light tug.

The electromyographic signa.l was amplifictl by a DC preamplifier designed

for EMG. It was recorded together with the microphone si-gnal on magnetic

tape. The recorclecl signals were fed to a PDP-9 cornputer through an AD (gn"f-

ogue to data) converter. fn this process the EfvlG signal is sampled every 100

mi-crosec ancJ dígitized into 6 bit levels. At first absolute values were taker

of the samples and these were then smoothed over a range of 10 msec, (for a

better description, see Simada gL3!. ß?A.J ffre smoothed signals for B-12
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ing the larynx bacl< to 1ts rest position after having been }owered for the

low-pitched end of the frame? Or is it an effect of the inspiration? f,uch-

thal ( 1959) thought that an íncrease 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 cricothyroicl ancl thc fundamental frequency curves are very similar.

Every peak in F_ has a corrËsponcting peak in the cricothyroid eurve. Thiso.
confirms what is well known from a number of earlier investigations¡ the

'.

cricothyroicl muscfe ís the main pitch controller. The articulatory $estures

have little or no effect on this muscle

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

most stressed vor¡,els.

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

.pÉ:mm, pàmtn in 5 a and mámma, IèHg in 5 b. The vowel segments of the a-

cute words are marked by thick lines along the ba.se line and the vertical

lines show the borclers of these segments. The corresponding lines for the

vowel segments in the grave accented words have been left unmarked to avoid

cluttering up the figure. They woul-ci in each cð.se prËcede the existing lines

by a few millimeters.

The most important diffcrence between the worc.l tones in the vocali-s and

cricothyroicl behavior is two peaks for the grave accent compared to one for

the acute, that is in principal the same difference as we fincl in the result'

ing fundamental frequency ourves. The first peaks connected with the grave

accent occur a little earfier than the acute peaks. The sternohyoi{ activity

obviously is of no i-mportance for the word tone contrast. The audio signal
,

is similar for the two accents and rcfutes the traditional view of the grave

accented words as havíng different cnergy distributions from the açute ones.

At the top of the figure öhman's pulses have been inserted at the place on
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the time scale where they have been postulaterJ for this dialect: earl;z fs¡

the acute (UotteU line) and .l-ate in the first syllable for the grave (straigh

I].nej .

To support his theory the vocalis -' as an acicluctor - would have to be ac*

tive during the pulse whereas the cricothyroid - as a tensor' - urculd have to

be inhibited. The most convincj-ng arùument against öhman's pulse theory in

these records is that the vocalis and cricothyroid muscles u:i;'i< together'

Both muscles contract for the pitch pealcs and they reduce their acti-vity

for the pitch fall in the accented words as well as f'or the lourpitched encl

of the frame.

There is - in these data - no resemblance between the muscle activity con'-

trolling word tones and the activity needed for the p¡oduction of a st$d or

a glottal stoP.

The utterances behincl Fi-gure 6 contain what can be regarded as extreme

cases of glottal stops. cln the whole these utterances need a maximal use of

Iaryngeal cc,rtrol brecause they have, apart from a glgttat stop Letwàen tþe

twosyllables,thegraveaccentanclemphaticstress.

The utterances represented j-n these tracings are to the l.eft ¡¡Uza.ì and to

-r\the right ¡fr:zej pronounced by Speaker E j-n the Skåne ii-!-alect" 1he most

stríking feature i-n these tracings i-s perhaps that when the vecalis is ac-

tive for the glottal stop, that is the closure of the glotti's: 'i;ho cricothy-

roíd is comP1etelY relaxeci.

,{lhat is the mechanism behind the opposed activi-ty in the vocalÍs Pnd crico'

thyroid muscles in this kind of glottal stop? Are these muscles opposed for

adduction in general ancl working together fcr pitch control i"e' iensing?

The data obtained so far speak in favour of such an interpre" :l;ion' Notice

again the pronounced peak in the vocalis muscl e with a corresponding valley

in the cricothyroid before the beginning of phonation. This event is similar
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to ti'l'-. i,ì.:l-,¡--1,J;.,.:ti-t¡j-t'.r foi'1,-r,:5¡1,o'.:tal sL--¡'.l:lJ lììîy r,;.'il v''"i-I !-,1.; e.:'ela'L:,:;i

aclciuc i;:.ry' ge str::'e.

In the corresp,lnclinE'l:s'i: s,?n'1.;r:ilt-,es ic,'Ep.,:::lcer l-., the gir:btal:.'iop ln

most oi i:he utÌ;clenrerf i.s ¡:tunr:ltnr:,¿d in ¿r di'îfe:'i-,ilt way:r no bu:'st can [.;e

heai:,d a1" tlre bcg:i-r':;rir.r; ci' j.;l"c scc.lnd vcv;¿l , ïn the ËMG tra,:j-rrgs ti'r:-s pe'1.-

fc::.inance oi the gJ-ctL:-rl srrrp is paral 1ellcli':y' a les. prcrnÐtirìc.,d d::.1: :i rl ti"t.:

cricotiryr.uid cr;: vc. .¡--; s'.,r:nr:: Lilat tlrc degr"ce oi relaxaticn in 'Lhe crico'blry--

roid is d;-;i:enclen; nil'Lhe d;q:'u= r..lf te;::Íon j;r the vcrcal.is rnr""lo. '

Fi-gr.rre 7 pre:;en'ts some nl,rre C;t:a franl Spenl<er E, You r'ctj.c€ 1;he t'r'pica1.

::.]<¿i:-,e e cçent ¡:,-r'ti-;;:':'r;s j..n t-.i re 'iuniüiir:ili;:i.l i':'cc1'.ienc\/ D:.irve: î'he aci;'".e ¿,lcei ,l;

jis rncnj-fesberd i.l;r a r:,1::: and fall j-:r the ¡:tresseC sylJ-abì-e and tlre rirrt\rc ã"'r'

c=n'i: by ¡¡ rj-:;e, A:i cern þ,3 61;.2¡-,¡slerl , this cli-Í'f (;ì'6nee l';'¡-i:n Cl.;'.'ilç;,r" l^. ":-ii ¿trli'icï;ì.-

panj.ed hy a r.li'lftr:'a: ,'){: :ì.n tl-;:: ËirìG 'i::ran:r-ng';,

Tiie vc'¡.:a.lÍ.s,i arr:i ci.ico'i;li;zrr-¡:.C ml-:¡:l es dc, r:r¡L f,o.-ì-i.our e€¡:rl'ì i, :hrj' ir"r r;|,. 
',r'-:j.r,

as':;h:;.r di.'.1 in S¡rir,li;ir l-" Thr:y dc liav.e;:nri"i-a¡ rnain peeil<s b':l: i:he vnrì;rl-iJ.

åpí:ìi't frc;l a J;cp r-,;'.1.i ly fc:' tir:: r:..:-1.1.:.:-'io¡i i'i- P, i-¡as rr l,L.rì¡llr,'- tlJ ..,,.1l--:..,"

ciÌ.ps th:'; u:iñ h- ï'. 'í:ì-J,lrcl l:o t,lc cÌ:i:::' ;'.;nso¡i¿:n1:s. itrlct:t-ce the ::pp::..:sn ac¡.-L',i."

ity j.:; tl ¡e v:cal-:ir,r ¿'i:-l c:',i l:,-i,l;;'r''-::icl i:.t¡:iIc:; br-'lo:e Li,e beg-'riit:"t'lg r:'i'tl":c auilir:

signal , J ltrc nLi-n ¡-;:::1,:s c'o ¿hc ,-:i-'ì :r::'i,T r)',ì,'i.li.d ,lr.tslie co-'.¡lcj.d¿ t'tii-ir p,:¡.1<i j-n tlir-l

f u:r da;.¡:n i ll_ í-.r..-:,lu!, . i.ì :r; ¡;s:.y¡; .

The s'l;ernc.:l ,yr:-',.C .::-'::-:l-ri iras pr:i:l<s ';,,1 ;',.il tl-:ll ;j:r,r c¡e;ts i'::;: ti-'e s¡z.r.i-;ii1 e;, Jrl:

trigirest pe;ai< :ì-s ci',.:rr-rci:;d v;i':..1r '';ire fir:Ì.:h:'.ng s71lab1.e ar, 1'hj.s rril;u be a;t in.-

dicaticn of thr: e;<-l::a act:ivii:_ø necdej'Lr b:':ng dcwil 1:he iit.i].'nr i¡r'Lh': eij;'j.i'il-

Friate poiii;ion fri-.: bi:c r:;l-axe,l vr¡:nl cnrcls ri::dei í'nr"'iire l-:.','J i.riitíi oi'tiìe

eni rlF th: fr¡Lne"

F:i.gr,:j.ii B sho,.frs Liie c':;¡'l;li:i.¡t bei;,,vi:er; Lì-¡c i:i:u'le at t:l gr','-..'rit ct:i-:úirts itt :i.:;a;<e:'

E" Dsi'bed 1:"n:¡ r';;r.csenL tire ac:-r'i:a cìi:)cerrl; ¿i.rC 1.1ì" Z:?::',':.. ri:l:i"ît i:r.: :;;:.,:fti;lj by

s',:r-aígh'c Li.nes" Öiir¡an's pul-se is acjeed a-, i:i'i'u;re. Tile r!ilfc:.':;;lne be1;we:l I the
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word tones as they appear in these records is an early peak in the fundamen-

ta1 frequency, 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 concomitant with reduced activity in the cricothyroid. As can be

seen in the figure the muscles do not behave 1n thís way. In three cFses out

of four the vocalis and the cricothyroid muscles cooperate. Only in JnámmaT-
[acute) i-s there for a short period during the pulse opposed activity in the

two muscles.

To sum up, our data do not províde any physiological basis for Ühmanrs ne-

gative pulse.

4. Discussion

öhman was of course well aware that htrs EiviG results were inconclusiver but

he suggests that if the Efu1G investigation includecl other laryngeal muscles

as well the pitch inhibitlng muscle would perhaps be discovered'

Is there any physiological justification for such a vlew?
(op,cit. )

It appears from the discussion on g29 ffiEThman expects muscular activity

for the word tone to be "ballistic" in nature just as Smith - using Stetsont s

terminology - regarded the st/O as a ballistic stroke [smitfr , 1g1!- b, p' 3).

A typÍcal innervation pattern behind such a movement would be an activation

of an agonist muscle eombined with a complete inhibition of its antagonist

Ireciprocal inhibition). In the EtuìB records from the test words pronounced

wiün glottal stops (figure O) the opposed activity in the vocalis and the

cricothyroid may perhaps be due to what is calLed reciprocal inhibition. tut

there 1s no similar effect in the data that can be associated with the word

tones, Since there is no activity in the vocalis during the word tope pulses,
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öhman's íntergreteùtion of the acute and grave accents as some kind of glottal

stops is not very convincing.

5. 'llord tones and sitive ulses

fn the light of our ciata it seems natural tc simulate word tones by'one or
poçsitive

¡r¡/pulses. To fit an actual fundamental frequency curve, these pulses must

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

posed to a sultable smoothing procedure. I shall glve a few examples of what

can be achieved by such a process:

same pu1se,

different degrees

of smoothing

pulse with high

amplitude and

different degrees

of smoothing

pulse with short

duration and

different degrees

of smoothing

two pulses

fast smoothing

slow smoothing

fast ll

t*i,'
--+¿l

\--- slow smoothíng

fast t?

slow smoothing

fast Í
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It seems clear that with one or two positive pulses we can simulate any

pitoh pattern implied by the word tonet. l A"trtÌly in my examples above I

may have more parameters than I need but we may safely say that a pitch

curve with one peak corresponcJs to a step function with one pulse (or per-
i

haps two very close pulses) and a pitch curve with two peaks corresponds

to a step function with two Þulses.

From now on we shall consider curves that are simj-Iar 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.

iVe have founo earli-er that the EiVG curve derived from the cricothyroid

muscle has about the same shapa as Fo with a time delay typical of a¡ acous-

tic signal compared to a physiological one. The similarity between the Fo

and the cricothyroíd curves makes it possible to interpret obtrusioqs 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)

E IsraneJ

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

for each of the two syllables.

ïn terms of positive pulses the difference between the acute and grave ac-

cents j-n Speaker L is one pulse for the acute and two for the gravar whereas

1 According to Lars Gårciing 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 early pulse in the acute as compared to a late pulse in the''grave

accent.

6 Tnteroretation of Meyerrs date

If we interpret Meyerrs clata in the same manner ffigure t) we shall find

that there are mainly i:wo types of clielects: dialects that like Ëkåne are

characterizeci by an early pulsa and a late pulse in the acute and g¡ave ac-

cents respectively, ancl ciialects that like Epeaker L's have a late pulse in

the acute and two pulses in the grave accent.

There is anothår striking f eature about ivieyerr s curves: whatever the

shape of the acute pitch curve the latter part of the grave curve ià simi-

1ar to ít.

I can say with a certaÍn amount of truthfulness: Give me your acute accent

and I'11 tell you what your grave is like. To perform this trick I do as

follows: I squeeze in the acute accent in the latter part of the grave word'

Then ï extrapolate the curvg to the earller part of the word. Naturally a

certain experience is needed to do it in the ríght way. I have to keep with-

in a certain pitch ranga anc.l I must follow a certain rule. The rulel i= that

an early pulse in the acute accent brings on a late pulse in the grave one

whereas a late pulse in the acute accent gives two pulses in the gr'ave ac-

cent. Now we must ask: 'llhat is the linguistic implication of this procedure?

I think it implies th¡rt in the a.cute accent we do not have a real word tonet

only a sentenct intonation pulse ans it is this sentence intonatio¡ pulse

that recurs in the seconcl syllable of thr: gravB accent.

The ictea that only the grave o.ccent is a real word tone and the acute mere

ly the manifestation of stress is not a new one. It was put forward in gene-

ral terms by Henry gweet as early as 1878. A similar posltlon was taken by
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Trub,etzkoy ( fS¡gJ who regarded the oppositlon between the two accents as a

privative one, that is, one member of the opposition - the grave accent -

is marked by e. feature that is lacking in the other - the acute accent. 6e-

veral other scholars have discusseci the problem from various angles and have

arrived at the same conelusion (Haugen t Joos 1956, 1ge2, Haugen 196.31 196?a,

lvralmberg and Elert 1963, Fischel 1963. For a summary of the discussion see

Elert ß?A)

According to this general anelysis, Swedish intonation should be deconp

posable into sentence intonation and worcl intonation for the grave accent

on1y. dhman, s model does not satisfy this requirement since he uses a nega-

tive pulse for both eccents.

His use of negativæ pulses is open to many objections. rlle have seen ear-

tier that it has no immediate physiological basis. It can be criticízed al-

so on other grounds, In the Stockholm acute accent, Figure S (ötimanr 9g.

cit. Figure II-Fi-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 k¡e caused by the oral closure for the initial consonant, in

this case m. A look at thc more schematic Figure 10 [öhman 99. cit. Figure

II-å-B) reveals that, apart from minor effects, the main function of the ne-

gative pulse in Ðtockholm acute anct i\;lalmö grave is to delay the sentænce in-

tonation step. In view of these ancl earlier observations it seems mpre natu-

ral to assurne thet there is in Swecljsh jurst one tone, the grave acc€nt. This

word tone is manifested in all the ûial-ects as a delayed sentence intonation

pulse which in some ciialects [for instance Stockholm but not f\,ialmöJ is pre-

ceded by an adclitional positive pulse.
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?, \A/ ord tones and stress correlates

The clictionary of the Acaclemy marks the accent contrast with numbers that

indicates the difference in stress patterns that was supposed to be an in-

variable characteristic of these words quite indepenclent of the dialectal

variation in pitch. The acute accent is marked 4-0, and the grave 3-2, for

example åoqd, ånu"fr. This marking system \{as 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 founcl. 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 In""*.ued pulmonary effort in connection with stressed syl-

lables was demonstrated in EMG recordings by Ladefoged, Draper, and tllhitte-

ridge (fSSe), increased laryngeal effort is evident from Ohala's EMG work

(Of'ata I9?0) and Harris and co-workers [Haryis el-=41. f96B) showed that in-

creased activity in some artiCulatory muscles is a constant correlate to

stressed syllables.

flur EMG datamayto a certaín extent explain the difi=erence in subjective

stress attributed to the two accent patterns, Look again at Figures 5 and

g. For both speakers - notwithstanding the dialectal differBnce 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 require a greater effort from these muscles.

1 In additional clata, 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.

2 For a clarifying survey of the concept of stress and its acoustic and

physiological ccrrrelates' see Lehiste' l97O'
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The subjectively felt diffarence 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 EXPEBTMENTS ['TTH $WEDISH DTSYLLABTC

ACCENT-1 AND ACCENT-z .d\lOBD'S

Kurt Johansson

The Swedish - and Norwegian - so-called word tones have for a long tÍme

attracted a considerable amount of attention, According to Elert I 1SZO)

one may almost speak of something låke a fixation to the problem, one rea-

son for this beíng 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 i¡iter',J¡ctr1lirn of other prosodic elements as well'

Structurally, there exists an opposition between accent 1 and accent 2

(acute and grave accent, respectively) in words lÍke å'g*n (tfre Uucf) and

è@ (*re spirit), g!9ggl [*re steps) and eiggg! (*re taaut")"1 The oppo-

sition is only manifested'in a stressed position.

There have been differences of opinion concerníng the most relevant a-

coustic cour;berpart to the opposition. In most cases the choice has been

between variations in the fundamental frequen"y (fo) and the intensity,

but al-so other differences, e.g. in duration and quality have been dis-
'2

cussed.

In 1955 Malmberg carried out a series of experiments with synthetic speech

where the fundamental frequency, the intensity, and the duration were varied'

0n1y fo was alone able to influence the judgments concerning minimal pafrs

tíke brSren (ure cage) and gfg! (carried).3 Tt''i" supported earlÍer supposi-

1 Elert (gg*gi!. t F. 4:2 ff.) makes a distinction between this 9åg3i!g!iyg
functioñãñã-ttrr gg!!gg:tåv,g function, where aII syllables within the

domain of the graffiä;óõÏî-belong to one and the same word'

Z l/almberg I lSeZ) mentions another possibility: syllable boundary.

3 The experiments have been reported in e.g. 1955t 19æ, and 1967'
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tions based on instrumental data, where the differeRces between acpent-1

and accent-2 words had been manifested moet consistently in the fundamen-

tal frequency (cf. fig, 1).

Acoustic investigations show that in most Swedish dialects there is a

distinct difference between tha forms of the frequency curves for accant-l

and accent-Z words, the remarkable thing being, however, that the patterns

may be reversed if different dÍalects are compared (cf. fig. 2).1 This was

one sf the reasons why Gjerclman ( fSSa) expressed doubts concerning the dis-

tinctive function of the ton*Z and evidently considered the intensityz as

relevant instead.3 H" suggested that either tVlalmberg or himself and Meyer

[wh,=re he seems to have found support) had made some sort of mistake in

their tonal lnvestigations.

In the last few years there seemsr however, to be considerable ag6ee-

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

The present investigations

Fìesults obtained with synthetic speech should, where possible, be verified

wíth ordinary speech, but so far rather few perceptual 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 dialects. I therefore decided to pre-

pare some tests.4

1 An interesting attempt to explain the change ín the tone curves from

one dialect to another has recently been táO* Oy ühman ( 1SOZ).

Z The distinction between different leve1s (i.". 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 ancl accent-Z words, and this he has

found also with other speakers (p. 139).

4 The tests were carried out in spring 196?.
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The dialect of speaker A, who had lived in or near Lund all his 1ife,

was typically Scanianl and the listeners had had ç¡ood opportunities to be-

come acqualntecl with his way of speaking (and aleo with the Scanian dia-

leet 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 \4iest Bothnian (UmeåJ dialect.2 No listener

spoke this dialect.

The f- curves of the first syllables, which are generally considered to
o

contain the most important inforrnation, were virtually reversed for the

speakers (cf, figs 3-4).

The following minimal pairs were recorded:

1) váken (tne rrote in the ice) : vàken [awake)

2) skótten (trre sfrots) : skbtten [tfre Scot)

e) t6mten [trre [uuirding] grounds) : tòmten(trre gnome)

The stressed syllables of the test words evidently contaj-n the following

segments in wfrich the tonal differences might be manifested:

1) voiced contoid3 + Iong vocoid

2) short vocoid

3) short vocoid + voiced contoid

The recordings were made on an Ampex 354 tape recorder (tape speed:

l5',/sec) via a Neumann K1,,1 54 condenser microphone. The words were repeated

three times in succession, and the seconcl examples were chosen as test

words.

The test words were then transferred to a Lyrec TR, taPe recorder specí-

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

2 West Bothnia [Vasterbotten) in the northeastern part of Sweden.

3 "The curve shape in the Ínitial consonant, íf there is anyr ffiaY there-
fore be irrelevant to the distinction, as it has to be when the initial
consonant is unvoiced." Fintoft, 1965.
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ally adapted for use with an electronic gate. Thi-s 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"fsec), which was also used vuhen the stimuli were presenteci to

the listeners (via a high quality loudspeattrl).

At the listening sessions the stimuli were presented in ranclom orderz,

'.the A-stimuli first in a separate group, then the B-stimuli. The only in-

formati-on given before the transítion to the B-stimuli was that a differ-

ent speaker would be heard.

Exactly the same stimulus was repeated three times in succession with

one-second pauses, and this stimulus group then appeard 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 listenersr knowing it,

only to aequaint them with the test procedure.

10-15 listeners took part at each listening session, which Iinc]uding

pauses) lasted about half an hour, The best words were presented in num-

berecJ frames on a black-board3, and the listeners were instructed to mark

each stimulus word rr1r' or trz'r (forced choice) .

Listeners

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

had taken part in experiments of this type earfier,

1 Buitt at the Royal InstÍtute of Technology, Stockholm.

2 lVithout any frame sentence.

3 Frames containing acute words were numbered 1., and grave words 2,
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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 speakers A and B.

A rough estimation of the fundamental frequency curves, produced on a

mj-ngograph via a Trans Pitchmeter, then followed. The curves turned out

to represent three main types with regard to the change in fundamental

frequency in the stressed vocoid:

1. ggglg: falling gIgW: rising [or level)

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 dífference between

the two types, with accent 2 as the higher type.

3. ggglg: rising (or level) g".tF: falling

The first and largest group, mainly consisting of people from Scanig,

was subdi-vided in:

a. Native Scanians

b. No4-Scanians with fo patterns resembling the patterns for the Scanian

acute and grave accents.

The following groups were established:

Group 1 a: 28 listeners from different parts of Scania.

Group 1 b¡ 9 listeners from the parts of Sweden nearest to Scania

[Z from southern Halland, 6 from the southern parts of Små-

land, and 1 from Blekinge).

Group 2: 16 listeners chiefly from areas north of and nearest to

the 1 b area (B from $måland, 1 from Blekinge, 1 from öland,

from Bohuslän, 2 from Västergötland, and 3 from CIstergöt-

land'

Group 3: 5 lísteners from other districts [Z from the Stockholm area,
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1 from Dalarna [Dalecarlia), 1 from Västmanland, and 1 from

Ångermanland).

Tt should be observed that the boundary between groups 1 b and 2 is some-

what indistinct.

The curves for one of the listeners showed such irregularities that hís

score is only included in the first calculations under test I, where all

listeners were treated as one group.

A comparison with the corresponding dialects in lu'leyerr s and fuialmbergr s

material, in so far as the dialects are represented there, seems in most

cases to confirm the above group formation,

$Jhen studying the tables below it should be remembered that the groupst

especially ì-n some cases, are much too small to be consiclered representa-

tive of the dialect type in question, but as the results in spite of this

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

Test I

This experiment was caruied out in order to test to what extent listeners

are depenclent on their own dialect pattern for the identification of iso-

Iated acute and grave words.

ïn all, 12 sti-muli were presented 5 ti-mes to 59 ]isteners, which gave

3540 judgments, or 295 per stimulus.

Results

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

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

The listenars, most of whom are Scanians, or at least from southern Swedent
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are much more successful in identj.fying the accent-1 and accerlt.-Z t¡ords

of speaker A. They are evidently to a large extent dependent on 'bhej-r own

pattern for the identi'Fication.

BA

váken

vàken

skótten

skbt ben

t6mten

tbmlien

Fig. 5.

i6..'1,

3g '1"

4? '1,

64 "1"

60%

67 "1"

e4 l,
98 'r/,

97 ''1"

eB'/"

96 l"
?rj ,1"

percentages of correct responses tc Scanian (A) and llVest

Bothnian {B} stimuli (a11 -l-isteners treated as one group).

Further, it can be seen frnm fig. 5 thal; there is a tendency to higher'

scores for the gravcl words, particularly'the clnes produced by speaker 8"1

The scores f or this speal<er's S[Þ!!ru and lt¡m'Lgl deviaì;e by +3o- Í'rom bhe

means, f or -VgKg! by l2t. They are obviously fairly sure 'bhat grave words

had been produced" This is also the case fo;' Jó-fnttl [+3rr), while Sk.q!!p!

produces guessi.ng, a.nd as for. v-áken 1:hey give a score irldicating that they

interpret thc word as [Jrave j-nstead of acute (-St).

Tn fig" 6 the numb,er of correct responses is given for" the different

"dia1ect" grclups. As these groups are o1'various siz-es, resultíng in va-

riati-ons between 150 and EllO judgments, the scores are given in percent

for the sake of cnmParison.

In the fclllowing the score devj-aLicln flom the theoretical means is
given as +núo E"g, +3o-means that the devia-bion is at ieast 3r, and

that the Tisteners:have with a high degret: of certainty correctly
identified the stimulus, while -3cr indicateç that they are certain
that another type of stimulus has been presenbed, -r?s indicates re-
Iative certainty.
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92 "1"

Fig. 6

The first three groups show apparent similarities in their judgments.

This is not very surprising as the geographical- distriL,ution 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 fo Þattern 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. Eut from this experiment a1one, it is impossible to

make any definite statement on this point (cf. test V).

Group 3 reacts in a quite different manner. The scores for both speakers

deviate by +3o, but therc are considerably fewer correct rcsponsÊs for

speaker A. IGroups 1-2 produced values indicating guessing for speaker B.)

It is, however, probable that the rich opportunities for this group to be-

come acquainted with the Scanian dialect Ias well as with the speaker)

have played an important role.

All groups gave considerably more correct responses to the grave words

which inight indj-cate that there is something in HaddingJ(och's tentative

supposition that accent 2 far different clialects has some sort of cornmon

characteristic ItSOl, P.69). The grava acccnt is, however, generally con-

sidered to be marked, and in a number of perceptual experíments I have no-

Percentages of correct responses to Scanian (A) and 'r'rJest

BothnÍan IB) stimuli, when the listeners have been divided
into "dialect" groups,'

AB

52',{" 99 "1" 50 % , 99'1" 5;2 olo 68 "1"99 "1"

1 The gróups includecl 28, g, 16, and 5 listeners, respectively.
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ticed that listeners tencl to favour the rnarked member of an opposition'

when a stimulus is felt to br: sr:mewhat "strange". This must also be taken

into consideration.

The following conclusions coulcl obviously be drawn: a) Ttreru are at least

two perceptual patterna for the Swedish word tones. b) One's own dialect

pattern is generally of vital importance for the identification of isolated

accent-l and accent-2 words. This is certainly demonstrated by the reac-

tions of the Scanian listeners (group 1 *), where most Scanian stimuli are

coryectly identified, white it/cst Bothnian stlmuli produce guessing. c) fa-

renthetically it could be said that the rcsponses to speaker B actually

seem to be too high, if only the shape of the frequency curve of the first

syllable is to be considered. CIne míght in such a case have expected the

correctrespons€sto be very few, i.Ê. only a few percent. Some feature or

other, besides the fundamental frequency of the first syllable, evÍdently

contríbutes to the interpretation. There Ís of course more than one possi-

bility, but one of them might be the obvious fundamental frequency differ-

ences in the second syllables for speaker B [cf. fig. a). O) In any case

it is evident that a few listeners have, at least to a certain extent,

acquired a faculty to manage Itwo) differentsystems, A few listeners (only
have

A in allJ in groups 1 a, 1 b, and 2 all 30 responses correct for both sets

of stimuli and quite a few have almost as high a score for the "unfamiliar"

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

f pattern I in most cases however wíth the highest score for the latter
o

type).

Test If

"I am inclined to regard the place of the peak within the stressed vowel
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and the direction of the melody curve [mainly fa]ling or nlsingJ which

follows from this difference, as the distinctive feature for word accent

opposition." [Malmberg, 1955 and 1962). In the tatter 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 "Iow" and trhigh", respectively.

There is no doubt that most authors agree wíth [,'la]mberg that the funda-

mental frequency in the stressed syllable is the most relevant factor

(see e.g. Fintoft, S:gi!. ).

The experiment belou¡ was intended to test the information i-n the isola-

ted stressecl syllables. ilith the aid of the electronic gate the last syl-

lables Were removed and the resulting stimuli were arranged as above.

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

1800 iudgments ISOO per sPeaker).

Results

Fig. ? gives the scores for the listeners treated as a single group.

B

váken

vàken
skótten
skbtten

t6mten

tbmten

1e l,
21 l"
31 ','|"

ß "1,

21 ',|"

18 "f"

percentages of correct responses to Scanian {A) ancl 'J/est

B;lh;i;"(61 *titrri (arr ii"ttnt"= treated as one group) '

Â

83 '/'
83 '/"

93 /,
n ''1"

B? "1"

?g ,1"

Fig.7,
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The corresponding values for test ï were considerably highe", I brt fot

speaker A we still have high scores, while the scores for speaker B are

very much lawer than in test I [between 16 and 51 "y' lower for the differ-

ent syllables).

AI1 Scanian stimuli give scores that deviate by +3r, the \¡fest Bothnian

by -3o-. In the latter case the listeners are evidently sure that the acute

words are grave and vice versa,

As the largest group of lis'teners 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. B, where a division into udialect" groups has

been made¡

85% 14 !" s1 "1, 18 "1" 8? '1" 251, 32% æ%

Fig. I Percentages of correct responses to Scanian (A) and'ïest
Bothnian (B) stimuli, when-the listeners have been divi-
ded into "dialect" groups.¿

Considering the fact that sclme groups are very small a carel=ul interpre-

tation is needed. The first three groups show, however, once more evident

similarities. Group 3 with oniry 2 listeners (from Ramsele and Stockholm)

gives low scores also for speaker B, which might indicate that the second

syllab1e is more important here. ICf. test III,)

There is aLso some evicìence that the second syltable might be of greater

importance for the grave words. cf. e.g. HadcilngJ(och, op.cll. I P.66,

where accent 2 is said to need its seconcì syllable to be complete.

1 The differences are of about the same magnitude also if only the listen-
Brs of test II had been included in that test.

2 The groups inclucled 15, 5, B, and 2 listeners, respectively.

Group 3

A :BB

Group 2

A

Group 1 bGroup 1 a

BA
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Test ïfI

Test II suggested that the second syllables contain cues concerning the

acute ! grave distinction, In order to find out how strong these cues aret

when the syllables are presented in isolation, the-first syllables were

eliminated with the electronic gate.

The fact that the lis'beners in this way heard twice as many -ig1 .s -59!

was not oonsidered to matter very much.

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

1BOO judgments (i,r. 900 per speaker).

Flesults

-
Fig. 9 shows the scores shen the lÍstenerg heve been treated as a single
group.

AB
váken 5? ..1" 65'/.

vàken 54 ''1" 69'1"

skôtten 65 ''l' n'ft
skbtten 69 '1" 65 /.

tómten 62'h 69 "1"

tbmten 47 l, ?1 '1,

Fig. 9. Percentages of corcect responses to Scanian [A) and West

Bothnian [E) stimuli (all listeners treated as one group).

In the following cases the number of correct responses deviate by +3o:

for atl ìí.Jest Bothnian stimuli, and for scanian g!9!g and Eb!!!g!. Also

t6mten for this dialect indieates (relative) certainty (+2r). In all other

cases the listeners are guessing.

If we split into "dialect" groups, the results are as follours [fig. ru):
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Group 2 G ro up 3

B¡ .--.
c,¡ 'l i -n ¡.r:)í to ì- 3L IO¡-

ì

AB

65'fo I
j

59 ,'1, 69 ol
lù

A

Group 1 b

BA

07 "1" , 61 lL

Group 1 a

BA

60 f,

FiS. 10. Percentages of correct responses to Scanian (A) and liiest
Bothnian (B) stimuli, when the listeners have been divÍded
into "diaiect" groups. 1

The scores for groups 1a and 1b deviate by +3o'[notn speakersJ. For the

West Bothnian stimuli, groups 2 and 3 have the same deviation, the score

being considerably higher for group 3. The Scanian stimuli gÍve for group

2 a deviation of +2cr(i.e. relative certainty), while we have guessing for

group 3.

A remarkable thing is that also the groups !a, |b, and 2 have higher

percentages for'l/est, Bothnian than for Scanian stimuli, anci 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 syllables and in fact gave for speaker B the same

score as when the whole worcls were presented in test I.

Tqst ïV

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 seconùsyllable j-nfor-

mation is able to influence the perception, if the first syllables from

the acute words are combineci 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 loeate auditively as well as instrumentally.

1 The groups included 15, 5r8, and 2 listeners, respectively.
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In all, 12 stimuli were presented 5 times to 29 listeners, which gave

1?40 judgments (i,.. 8?0 per speaker)

Hesultsæ

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

B

vá-kÞn

và-kén

sk6-ttÞn
skb-ttén
t6m-tèn

tbm-tên

e3 l,
96'1,
96 rl,

99 I,
96 ,'f,

eB g¿

1¿'1,
's,,f"

10 :/"

? ,1"

ß rl,

10 "1"

A

Fig. 11. Percentages of responses (in accordance with the first syl-
lables) lo scanian (A) and ì¡lest Bothnian (B) stimuli (a11
lísteners treated as one grouP).

The scores for the Scanian stimuli (reported in relation to the fírst

syllables) are apparently very much the same as in test I where the un-

changed test words had been presented, but higher than in test II.1 Fot

the \l¡est Bothnian stimuli they are much lower, generally consÍderably

lower than in test II, where only the first syllables had been presentedt

and already those data were very Iow.

The second syllables evidently seem to be of greater importance, if the

Iisteners (most cf which are Scanians) hear the more unfamiliar dialect,

If we spllt into "dialect" groups the results are as in fig. 12,

The higher scores in thj-s test as compared to test II probably depend
on the more 'rnatural" disyllabic stimuli here.



Group 3

BBiA
5s '/.

Group 2

1ã '1"

i

1oo % i, ø'1"
A

Group 1 b

A iB
1oo '/.

Group 1 a
B

2 "l'

A

gg rl,

6?_

38%

Fig. 1¿,

Also group3 (eonsisting of only 2 listeners, however,) has difficulties

in interpreting the lllest Bothnian stimuli, Judging from the scores for

all groups the sgcond syllables produced by speaker B contain more infor-

mation than those produced by speaker A. This is what eould be expected

from the fundamental frequency curves [fi-gs.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[sJ is hard

to say, but e.g, Meyerrs data indicate such a difference.

TesT V

In thís test only the first syllables of y@ and vàken were presented'

In these syl1ab1es successive final cuts had been made 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 Èfremova et-e!. ( ISO:).

In all, 42 stimulj- were presented 5 times to 28 Listeners, which result-

ed in SBB0 judgments (eOeO for speaker A, and 2BO0 for speaker B).

Percentages of responses (in accordance with the first
syllablei) to scanian [n) and ,ilest Bothnian (B) stimulí,
when the listeners have been divided into "dialecf'groups.

1 The groups included 15, 5, 7, and 2 listeners, respectively.
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Results

Figs. 13-14 show the ecores when the listeners have been treated as one

group. Stimuli No. 1 consist of the whole first syllables. A higher number

denotes a larger incision.

vå[-tcen)
11

61 '''lo

10

64'f"
I

6.7 'lo

B

€,4 ',|"

7

?1'1"

6

79 ',1"

5

84 "h

4

7? l"

3

71 "1"

2

?4 ','|"76 f"

và(-ken)

1sti-mulus

response

stimulus

reSponse

Fig. 13.

stimulus

response

stimulus
response

60%

Percentages of correct responses to Scanien stimuli (a11
listeners treated as a single group).

vá(-ken)
10

65 f"

9

æ'1"

I
68',|"

?

44 (',|,

6

26',{"

5

26',|"

4

'2? 
/"

3

20.'1"

2

19 "loi
:

1

16'^(,

và(+<en)
10

50./"

I
51 ',("

I
36 "1"

?

26'1,

6

26 ','(.,

5

14 "1"

4

19 ',|,

3

20 "1"

2

24 t'(rc

1

21 ',("

Fig. 14. Percentages of correct responses to l:Jest Bothnian
uiiÃrri [a11 listeners treated as a single group).

As for the Scani-an speaker (fig. 13) the judgments deviate by +Scr in

all cases.

For speaker B (fig. 14) the deviation for váken stimuli No. 1-6 is -Sar;

and for No. ? -Zcn Up to this point'it might be said that the listeners

are sure, or relatively sure, that the presented word had been vèkgn in-

stead. Then we get a dramatic shíft to positive deviations (+3crfor stimu-

tí No. I and 10, while No.9 only gives +1crr 1.e. guessing).

1110

66 "1"

B is
at ,l,i ss rt

7

67 '1,

6

?6 "1,

5

69',|"

3 i4
ll 'l,i ae "1,

:

¿

64'iL

1

71 ',("
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vàken (for the same speakerJ gives -3rfor No. 1-8, then guessing. Po-

sítive deviations never occur.

If we sptit into "dialect" groups the responses are as in figs. 15-18.

Scanian Stimuli

11

^- ^l: ^- ^l/3 /ù; oÐ 70
i

aO "1"; aO $
so iåi oo %

oo %i eo %

!

aZ'|":Ae "1"

60 ?!: 55 $
es "/iee 7{;

n 'l"i ?3 ''1"
¡

B0%

50 "1'

65 "1,

80%

10B rg5:6 i7
92

60

1A

6B

lr
ol
to

,1"

ol
la

95',,
?o "1"

83%

ffi%

4

BB ?í,,

10 "/,

80.ó

33%

a

83

60

6B

47

"k

,1,

t,

2

8e/"
5s ?å

7A "i
47 l"

1

89',(,

5s 7å

B0%

40'1"

stimulus
6roup 1a

Broup 1b

Group 2

Group 3

FiS. 15. Percentages of correct responses to Scanian yÉ59. 1

10 t 11
!

ill
/ù!

i

"l .
70i

85

45

73

?3

?2

4D

50

æ ^1"

45 "1"

58%

60y"

i;

l,i ayf,llz'1,
i:

"þiso $; +o "f,

'ilioo ?',i sa %
,: ,i tch, 4O '1,: 47 7o:: æ% 67 l,

'1"

lu

15

5û

53

I !96 i7c,

æ%
5A "1"

æ '1"

æ',,

4

?B "1,

40 "1"

65 'É

æ i'l

J

86 Ìí,
s0%

63 ',/'

40 "1"

¿

?5

60
f:Ê

4D

,1"

,1,

,,1,

"1"

1

80 ?t

s5'/"
68',f"

47 '-1"

sti-mulus

Group 1a

Group 1b

Group 2

Group 3

Fís. 16. Percentages of correct responses for Scanian vèKel.1

gfqgp_1q (with Scanian Listeners) responds in a manner indicating great

certainty. The deviation from the theoretical means is in all cases of the

order of +3o: For stimulus No. 11 (vákçn) this is somewhat surprising con-

sidering the fact that the whole funclamental frequency droo during the

latter part of the vocoid has been eliminatecl, and only the lnitial con-

toid with its rising fundamental frequency together with a continued fast

rise during the very first part of the vocoid remains.Z Fo" vàken the

shortest stimulus also displays a rising fo but here it j-" 
";. Evident-

ty the rise in itself cannot be the differential cue. lviost probably the

1 The groups included 13, 4, I, anci 3 listeners, respectively.
2 For vocoid durations giving different types of responses, see fig. 19.
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intensity gives some information. In the acute word the intensity peak

is reached, which is not the case in the grave word [of, fig. S), fnis

would agree with Hadding-Kochrs findings (op!g!!., p. ?3). 5he had ob-

served a phase difference between frequency peak and energy maximum for

accent 2, while aecent 1 on the other hand is characterized by a phase

correspondence bettryeen these two factors,

eqggp._l_Þ only ín two cases manages to cross the gu.essi-ng-c,ertainty bound-

4

aryr which is somewhat surprising when ue recalf the responses to Seanian

stimuli in the other tests. As the group is very small, individual liste-

nerr s. responses affect the results to a high degree. Here it is particu-

larly one listener who gives incoruect responses throughout for the Sca-

nian stimufi (and correct for the ililest Bothnian). In test f the same

listener responded quite coryectly to both dialects.

Group.2 produces judgments indicating certalnty or relative certainty

for vâken stimuli No. 1-9, then guesses. For vàken guessing appears from

stimulus No. ?, where we still have an obvious fundamental rise. This

rise is, however, considerably more pronounced for sti-muli with lower

numbers, where we have certaintY.2

Group 3 displays great uncertainty all the time which is not ver/ sur-

prising as this group seems to favour an interpretation according to the

second syllables.

1 Váken stimuli No. 4 and 5 (+Zo).

2 An "occasional" guessing value also appears for stimulus No' 2.
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\,Test Bothnian stimuli

10

21 "h

?o ''þ

83%

53 /"
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Fig. 1?, Percentages of correot responses to rt/est Bothnian váke-¡1.
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stimulus
Group 1a

Group 1b

Group 2

Group 3

1

1FÍS. 18. Percentages of correct responses to l:rjest Bothnian vàken.

Scanian listeners fgroup 1a) Sive, as was clone earlier, acute-respotls€s

to grave stimuli, and vice versa. For váke!, however, we get guessing for

stimuli No. 7 and I, and acute-responses for stimuli No. I and 10. Stimulus

No. 7 ends in a small ris€, substantíally smaller than in No. 6. Evidently

a distinct rise is necessary for grave-responses. For yþfgg we get guess-

ing from stj-mulus No, 9, where the final- frequency clrop has been elj-minated,

Grorjp 1b reacts very much Ín the same way as group 1a, and a definite

transiti-on to guessing and acute-rosponses for l41t<çn occurs at the same

points. Here the listeners are not quite so certain as to the grave char-

acter of the word, which is clearly shown in fig, 17. lhe grave word gives

acute-responses as long as the flrequency 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.

1 The groups included 13, 4, I, and 3 listeners, respectively.
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Group 2 needs a substantial rise ùo give grs.ve-responses (våken, stimuli

No. 1-5). \ir/ith a more (central- and) level fo the acute-respoRses predomi-

nate (from stimulus No. 8). Tne grave word, with an fo rise only at the

very end of the first syllable, generally achieves acute-responses.

Group 3 reaches certainty only for one stimulus [vàken No. 1) and is in

fact sure that this stimulus was váken instead.

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

of responses are given in fig. 19.

Summarv and discussion

The experiments reported above were based on the opinion held by most

authors that fundamental frequency differences are the primary-cues for

the SwedÍsh so-calIed word tones.

As different dialects may have quíte different patterns, two speakerst

representing approximately opposite types, were chosen. The lÍsteners,

also representing different types, were split into "dialect" groups accord-

ing to their own fundamental frequency 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 r.epresented

here evidently constitute transition types between the more extreme pat- 
,

terns usecl by speakers A and B. This grouping also made it possible to in-

clude listeners from dialects with only few representatives.

Test I, where acute and grave words were presented without incisions, clear-

ì-y shows that we are to a very high degree dependent on oLlr 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 succeedecl in learning more than

one pattern. In a f ew cases the listeners even respond quite coffectly 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 speerker to map his pattern in relation to our own. This

is one of many areas concernj-ng speaker-listener relations that should be

i-nvestigated further. From laboratory research we know that acoustic sti-

muli often give different responses in different surroundings, but we still

know very litt]e about what conditions are necessary for us, to learn, and

to accept, patterns different from the ones We are accustomed to.

Test fI, where only the first syllables were listened to, indicates that

for groups Ia, lb, and 2 the information in tl'iese syllables is quite enough

f6r a correct identification. For group 3 (with only two listeners in this

test, however) the second syllables seem to L'e of greater importance, but

also for the other groups these syllables evidently contain some sort of

cue, as the scores particularly for the:íilest Sothnian speaker are con-

siderably lower than in test I.

That the second syl-lables may be of some importance is clearly shown by

Ig,g!_EI, especially for the \Test Bothnian stimuli Ispeaker O). fnis is not

very surprising, as the fundamental frequency differences between the se-

cond syllables of the acute and grave words are rather great, considerably

greater than fclr 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. Ifne fundamental frequency differences in these

syllables seem to be very small e.g. for the scanian type, and at least

for some dialects of SmåIand, Hal1and, Gotland, and Dalarna.) ft is, how-

ever, evident that the groups la, lb, and 2 to a certain extent succeed
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elso with the Scanian pattern, in spite of the small fO differencesr but

that they are still more successful with the speaker t stimuli. The small

third group guesses for the Scanian stimuli but gives as much as 92 ofo cor-

rect responses to speaker Ü, i,e, exactly the same'as-"in test I, whefe the

whole words had been Presented.

The above observations co{:lcerning the ciistribution of cues between the

first and second syllables seem to be co¡roborated by !99.!-IYr where the

first syl}ables 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-

Ies 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 (Hauuing+<ochr 9P:!,i!.r P. 66).1 But it

is difficult from the above results to imagine their information load being

reducecl to zero, at ]east for dialects with large fo differences.

Test V finally, where successive cuts from the ends of the first syllab-

les of våken and vàken had been made, showed, as. did the other tests, that

the first three groups react 1n very much the same \/ay. They mlght conse-

quentty Lre considered to belong to the same rrdialect grclup" with respect to

the acute¡grave distinction. The scores for the fourth group [group 3 in

the tests) do not give very much here, as in this test only the first syl-

lables, or parts of them, were listened to, and in view of the fact that

this group throughout had tended to favour an ídentification according to

the second syllables.

1 This might, on the other hand help to create greater differences between

the secãnd syllables for the two accent types than reported here for the
Ecanian speaker.
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l^/hat seems to be quite clear from the scores of the first three groups

is that they need a fundamental frequency rise to perceive a grave torUrl

and a fa1l to hear an acute. The frequency change must sometimes be rather

large to be reflected j-n the listener., resporìBss.. An exception was stimulus

No. 11 for Scanian l$Eg!, where the h-steners of group ta (ttre Scanians)

were able to respond correctly already at the frequency peak, i.e. before

the typical acute-fall had even started. As eues like duration and vocoid

quality hardly can be important here, this probably depen'ds on generally

redundant intensity information, perhaps of the kind reported by Hadding-

-(och (op.cit., p.73), i.e. a correspondence between frequency and inten-

sity peaks for accent 1 and a phase difference between these parameters

for accent 2.

It is plausj-ble to assume that familiarity with a speakerr s voice charac-

teristics is of help when we i-nterpret, as is probably the case fo.¡ other

phenomena than the word accents as well, but Fintoft-iVlårtony [gE 9!!. ) .,g-

gest that the subjects probably do not relate fundamental frecluency varia-

tions to the average frequency used by the speaker, but merely identify

the accents by the fo variation itself. In 19ô5, however, Fintoft assumes

that the startíng point of the fundamental frequency in the vocoicl 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 funclamental frequency so

that one of the accent possíbilities may be effectively excluded, There is

at least some evidence to this effect in this test. But a l¿gg or a fall

of the fundamental frequency seems to be the esscntial thing.

If the funclamental frequency ín the first parts of the vocoids should be

1 Cf. Fintoft-tuÌårtony ( tg6a) 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

g!j!. (ßA?), 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 vglid also for more complex stimuli (Johansson, 196?, 1969a,

and 1969b, concerning final formant transitions).

That the relation l-etween various parts of an utterance may sometimes be

of importance was shor¡n by Jassem I tgO¡), who only by altering the funda-

mental frequency of a preceding unstressed syllable brought about change in

the responses.

t,/lalmberg ( lgSS) felt inclined to regard the place of a frequency peak

within the stressed vocoid and the direction of the melody curve followÍng

from this difference as the distinctive feature. tlJith the peak Ín the fÍrst

part of the vocoiO (for the Scanian dialect) accent 1 was heard, while e

peak in the latter part achieved a change to grave responses. For other

types of Bwedish the pattern may be quite the opposite.

Test V above showed that the position of the peak in itself cannot always

be the distinctive cue, but rather the fundamental frequency change, upwards

or downwards.

fn spite of the often continually changing fundamental frequencies, and

ín spite of what has been saicl about level frequencíes not giving the Írn-

pression of worcl tone, T would prefer, Iike lvlalmberg [ 1962), to speak of

low and high levels from a perceptual point of view - low for the açute

with falling frequency, and high for the grave wíth 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, both the

acute and the grave words for this group are characterized by mainly fall-

Íng fundamental frequencies 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 correspondÍng acute words. In spite of the

listeners'own acoustic patterns, they need, as did the listeners of groups

1a and 1b, a rather pronounced rise to interpret a stimulus as graver i.e.

it seems as if their own acoustically hj-gh [1eve1) grave type could be re-

garded as a variant, an "allotorìe", of the rising type. An investigation

of how listeners from the other dialects would have responded to a speaker

from the group 2 region would probably have enlightened us further on this

point.

There Ís evidently no doubt that the fundamental frequency of the stress-

ed syllable is a dominant cue for the acute:grave distinction, at l-east for

some dialects, but the experiments above have also shown that the second

syllables may be important.Iffris must, however, be investigated further.)

It also seems probable that the intensity may provide sometimes essential

redundant information. Other factors, as duration, vocoid qualityr can

hardly be prlmary cuesr nor can the syllable boundary.

However, one interestlng thing is that most parameters discussed in the

literature in connexion with word tones are parameters that are able to

contribute to the perceptj-on of louciness.0n the functional level the urhotre

thing may therefore very well in the end turn out to be a question of pro-

minence or stress, at least for some people. This would help to expiain why

whispered "word tones" are possible, as reported by some authors (e.g.

Segerbäck, 1966). The more similar frequency patterns of the two syllables

within the grave words for some dialects, and the relations of these pat-

tgm to each other, are factors that may also very well fit such a way of

reasoni-ng.
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