PERCEPTUAL EXPERIMENTS WITH SWEDISH DISYLLABIC
ACCENT~1 AND ACCENT-2 WORDS

Kurt Johansson

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

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

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

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

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

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

e

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

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

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

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

The present investigations

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

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

4
pare some tests,

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

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

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

4 The tests were carried out in spring 1967.



Place of {ntonation Peahin tha Stressed Vews!
{23 words of sach type)

i0 Boemer® Arcent |
po e Accant §
% Nl
. 3 X
817 \/ SN
5 o / 4 bwwm“.“‘“u
0 50 160 150 200

Distance {in msuc ) from the beginning of the vowsel

Place of Inlansily Maxicwum in ihe Stresasd Vowsl
{34 aceent | words, 28 accent § words)

154

10 X Bl Accont |
/\ pemme Accant 8

Number of words

0 50 100 150 200
Dhstanee {in msaec ) from ihe beginning of the vowel

Distence Batwaan Intensily Masimyms in the Two Syllables
( 34 accent | words, 28 accant B words )

10 Boeoent - AcCaTR 1

o~—ma Accen! R

3
A
':I \‘ y ’If \x\ / E\A}/x
0 s kﬁv/’.\‘c{ » Se AR % e
0 s t 15 20

] 0
Dittergnca (in db) batwesn mavnwma of firal and second syliables

pumber of words
(i

Fig. 1. Data on freguency and intensity overlapping
in Swedish accent-1 and accent-2 words (Malm-
berg, 1962),



Alzong 3 Slanrg 2 Alment 1 1 Akzens 2

o

AND

CTECRNGLI i B

Pt

a P ANy s N

Seockholm 3 \x

3 P i T

Stockholm

“9 7N A\% A

Vastervih

e

3 T Y N &9 VA e
' - -

Stockholm %, Gidlovad

/

- e
4 q,of»v""' N\‘ ‘\,\& : ;f"‘\\-_\' o,
S10tkholm ™ N =
) " ey
3 i . %\ ot ! N | o
5 P .
Stockholm p Y - SN
SODERAANL AR ; S ABE
H 7
é sy : o0 Lo~ ;
T, 3 j2y ! Py
Julite ki Teelleborg S
SENGANE SUNS——

7
Nykdping

8
Orabro

e o35,

VASTMANLARD

9 .

Kangsdr

: .
FE, AN ;
15 e . o oA
R -
Skultung % k%
PR T ; i
W A £ - ) -
31 f‘ X{\\ ~y | # z\‘:“ 23 it e ] ;,,»%ﬁ
Uppsala AN Y Shotiefied i
g s i

Fig, 2, Some Frequency curves From Meyar (1u {A)



50

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

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

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

The following minimal pairs were recorded:

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

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

1) voiced contoid3 + long vocoid

2) short vocoid

3) short vocoid + voiced contoid

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

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

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

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

"The curve shape in the initial consonant, if there is any, may there-
Ffore be irrelevant to the distinction, as it has to be when the initial
consonant is unvoiced," Fintoft, 1965,
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ally adapted for use with an electronic gate, This tape recorder was also
used when the cuts were made manually.

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

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

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

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

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

Listeners

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

had taken part in experiments of this type sarlier.

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

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



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

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

freguency in the stressed vocoild:

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

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

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



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

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

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

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

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

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

Tast T

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

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

3540 judgments, or 295 per stimulus,

Results

n

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

C

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

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



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

pattern For the identification,

A =)

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

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

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

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

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

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

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

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

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

€3]

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

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

for the sake ot comparison,

P

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

into "dialect" groups,

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

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

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

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

P ]

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



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

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

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

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

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

type).

JTest IT

"T am inclined to r@gafd the place of the peak within the stressed vowel



57

and the direction of the melody curve (mainly falling or rising) which
follows from this difference, as the distinctive feature for word accent
opposition." (Malmberg, 1955 and 1962 ), In the latter of these works he
proposes, on a higher level of abstraction and "without having made the
final auditory and synthetic tests'", to denote the falling and rising
curves "low" and "high", respectively.

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

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

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

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

Rasul ts

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

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

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

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

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

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

been mades

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

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

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

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

omsorscr

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

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

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

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

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

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

Results

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

group,

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

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

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

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

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

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

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

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

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

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

Test TV

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

st

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

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

Results

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

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

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

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

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

grouns the re

=

}

ulte

4]
U

411
L

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

N

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



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

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

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

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

Test V

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

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

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

@

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

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

P

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

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

va(—ken)

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

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

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

va(-ken)

[sp)
~3
m

9 10
a4 % 68 % 54 b, 65 o

stimulus 1 2 3 a 5

[8)]
~
S~

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

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

response 21

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

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

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

1i No, 8 and 10, while No. 9 only gives +1o, i.e. guessing).



&4
vaken (For the same speaker) gives ~3o0 for No, 1-8, then guessing., Po-

sitive deviations never occur,

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

Scanian Stimuli

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

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

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

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

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

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

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

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

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



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

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

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

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

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

second syllables,

1 Véken stimuli No. 4 and 5 (+207.

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

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

Fig., 17. Percentages of correct responses to West Bothnian vaken,
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Fig. 18, Percentages of carrect responses to WYest Bothnian vaken,

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

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

exrnsene

1 The groups included 13, 4, 8, and 3 listeners, respectively,
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Group 2 needs a substantial rise to give grave-responses (Xéﬁgg, stimuli
No. 1m5). With a more (Gemtral amd) level FO the acute-~responses predomi-
nate (from stimulus No, 8). The grave word, with an fD rise only at the
very end of the first syllable, generally achieves acute-responses,

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

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

of responses are given in Fig, 19.

Summary and discussion

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

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

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

clude listeners from dielects with only few representatives,

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

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

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

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

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

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

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

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

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

et

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

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

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

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

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

——

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

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

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

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

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

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

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

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

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

reasoning.,
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