
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,



5S

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%
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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.
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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).
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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
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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
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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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