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A. TONEME 1 112 IN A NOWEX3IAN TEXT--SPEECH SYSTEM* 
B j h  Granstrijm and Kjell Gustafson** 

Abstract 
The presence of two tonemes in Norwegian presents special problems 

for a text-to-speech system; one of l 3 ~  most serious ones is that there 
are many cases where it is impossible to generate reliably the correct 
toneme without having recourse to vast amounts of syntactic and semantic 
information. 

We devised a perception test to examine whether Norwegian listeners 
would find the use of a toneme 1 1/2, phonetically halfway between 
toneme 1 and 2, more acceptable than the incorrect use of either t o m e  
1 or 2 in these troublesome cases. 

The results of the test show that listeners find toneme 1 1/2 m r e  
acceptable than incorrectly used toneme 1 or 2, and that they are not 
always able to tell toneme 1 1/2 apart fram correctly used tonemes. 

These results suggest that one should seriously consider generating 
a toneme 1 112 in Norwegian text-to-sped systems in W e  cases where 
one cannot predict the correct toneme with great certainty. 

Introduction 
Over the last few years a Norwegian version of a speech synthesis 

program has been developed within the framework of the multi-lirrgual 
text-to-speech system at KTH (Carlson, Granstrom, & Hunnicutt, 1982; 
Carlson & Granstrijm, 1986). The system is targeted at the version of 
Norwegian referred to as ~okrnsl as pronounced by an East Norwegian 
speaker. It takes as input either a plmnetic transcription, or 0xW-n- 
graphic text, or a combination of these. 

Synthesizing Norwegian speech (as well as   we dish) presents special 
problems in the area of prosody because of the presence of two word 
tones (tonemes), referred to here as toneme 1 and toneme 2. We feel we 
have succeeded in producing @ contours for each of the two tonemes that 
can be considered "neutral" in the sense that they will sound acceptable 
in as many different contexts as possible. When synthesizing speech from 
phonetic transcription, we are thus able to produce speech that is 
prosodically reasonably good. However, when the system is used as a 
text-to-speech system, serious problems arise because of the difficul- 
ties in predicting by rules which tonemes to assign in each case. 

* This paper was presented at Nordic Prosody IV, Middelfart, Denmark, 
June 6-8, 1986. 
**Phonetics Laboratory, University of Oxford, Great Britain. 



Words that differ only with respect to toneme belong to two groups, 
(1) tkrose for which there is a corresponding difference in the ortho- 
graphy, and (2) those which are written identically (see Table I). 

Table I: Problem word pairs 

Toneme 1 Tbneme 2 
-up 1 ?$rider "farmers" bp5nnner "beans'1 

hoppene "the jumps" h o m e  "jumping" . 

Group 2 bghen "the prayer', b$hen "the bean" 
hender '?landsu herder 'happens" 

The problem words are mainly disyllabic and trisyllabic noun and 
verb forms. The toneme assignment is often related to the number of 
syllables of the word stem and to lexical category. Such information 
can to some extent be used especially for the group 1 words to predict 
the correct toneme. I-bwever, such a rule set will only be partially 
successful. It would be possible to list t b s e  words of group 1 to which 
the rules would assign the wrong toneme in the exceptions lexicon which 
forms part of the system. Considering that space in the lexicon is 
limited, it can be argued that it is better assigned to words that pose 
segmental problems for the system. For the words in group 2, the system 
is simply unable to choose systematically the right toneme; to disambi- 
guate these cases, we would need a considerably more advanced linguistic 
and situational analysis than is feasible with the present system. 

So it seems that one is, for some considerable time into the fu- 
ture, stuck with inevitably gettirg a certain number of words prommced 
with the wrong toneme. At best, this produces s p e d  that sounds odd; at 
worst, it impairs comprehension. The comprehension aspect is very im- 
portant, since the overall sound of any synthesized speech that can be 

I 
produced at the present time is less than perfect. 

As a possible way to alleviate this prdblem, we developed the hy- 
pothesis that an intermediate toneme, here referred to as "toneme 1 1/2" 
or just "1 1/2", would be less disturbing to listeners than either 
toneme 1 or toneme 2 used incorrectly, and would be perceived as a 
reasonable variant of either toneme 1 or 2; we hypothesized that if 
toneme 1 1/2 is produced in such a way that it is perceptually halfway 
between the two "real" tonemes, then listeners would interpret it as 
either one or the other of these two, the cbice being determined by 
what the listener expects in the particular context. Fig. 1 illustrates 
this situation. 





~y manipulating the positions of both of these points we arrived a t  
a contour which was perceived by one of us (K.G., a native speaker of 
East Norwegian), as  being equally acceptable as toneme 1 and as toneme 
2. Fig. 2c shows this F@ contour i n  sentence f inal  position. 

Wo basic t e s t  sentences were constructed, referred to here as I 
and I1 and given i n  the phonetic transcription of the synthesis system 
as  well as  i n  ordinary orfhography: 

I DUM~'ENTA I$&DESKAL L1'ANE (du & gjenta r& det skal l a d e ,  
"you must repeat when it w i l l  land") 

I1 DATARJMENTA B'I:LE@NPA L'ANE (da tar jenta bilen ~ lardet, 
"then the g i r l  takes the car (out) into the country") 

These two sentences contain two word pairs ("the test words") that 
d i f f e r  only with respect  t o  tonemes, J~ENTA vs. Jn'ENTA and LWANE vs. 
LOANE occurring in  sentence internal and final positions, respectively 
(' marks toneme 1, " marks toneme 2). An experimental cassette tape was 
made up where  these sentences were manipulated in  the following way: 

1) Four versions of each of the basic sentences were synthesized such 
that either both of the t e s t  words had the right toneme, o r  one or  
the  other  of them was wrong, o r  both of them were wrong: these 
versions are referred to here a s  the "reference sentences". Hyputh- 
esizing that listeners are more sensitive to sentence f inal  effects 
than internal ones, we expected these Bur sentence types to be 
increasingly less  acceptable in  this order: both test words correct 
- first wrong - last wrong - k t h  wrong. 

W e e  versions of the basic sentences were synthesized such that 
either both of the t e s t  words had toneme 1 1/2, o r  one (ei-r the I 

internal o r  the f inal  one) had toneme 1 1/2, whereas the remaining I 

one had the right toneme. These three sentence types are  referred 
to here as  the "test  sentences" and symbolized w i t h  circles, open 
ones indicating the use of the right toneme, f i l l ed  ones the use of 
toneme 1 1/2; we expected these to be increasingly less  acceptable 
i n  the following order: tao - olrp - em. i 

3)  The sentences were presented on the tape i n  pairs; each pair con- 
sisted of both a reference and a t e s t  sentence, presented in either 
of the two possible orders. . 

This makes i n  a l l  48 possible combinations: 4 (reference sentences) 
x 3 ( t e s t  sentences) x 2 (orders) x 2 (basic sentences). The cas se t t e  
tape contained one token of each of these sentence pairs, i n  rardomized 
order. I n  addit ion,  four sentence pairs were chosen t o  serve a s  an 
introduction to the task for the subjects, ard the l a s t  eight sentence 
pairs appeared in  the same order a t  the beginning of the test (after the 



four introductory sentence pairs). These first eight sentence pairs were 
ignored, as the subjects generally did mt perform as well at the begin- 
ning of the test. 

The experiment 
The recordings were presented to 14 native speakers of Norwegian. 

Ebur were students of linguistics, 10 were linguistically trained staff 
of the University of Oslo. They were given a questionnaire in which to 
put marks as they listened to each sentence pair; they were asked to 
assess which of the two sentences (referred to during the test as A and 
B) "sounded best" and put a cross in the appropriate place along a 
continuum ranging from "A much better" through "A a little better", 
"Buth approximately equally good (or bad)", "B a little better" to "B 
much better". Four questionnaires were ignored in the assessment as 
these subjects had not been able to perceive systematically the intded 
differences. The results of the remaining 10 subjects were marked an a 
scale froan -3 to +3, where negative numbers indicate that the reference 
sentence was perceived as best, and positive numbers that the test 
sentence was found to be best. 

PREFERENCE OF SENTENCES WITH TONEME(S1 1 l/2 

Fig. 3. Total score for 10 subjects for 48 sentence pairs. 

I t b l  
SENTENCE 
REFERENCE 
SENTENCE 

These scores were summed up for the ten subjects. Fig. 3 shows 
the total score for the ten subjects for the 48 sentence pairs (i.e., 
for both orders of presentation and both basic sentences) accordirrg tro 
sentence type (Lea, reference and test sentence). Table I1 shows the 
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scores for the variants of the t w o  basic sentences, I a d  11, a d  for: 
the two orders of presentation. 

Table I1 : Preference -re for sentences containing toneme 1 1/2 

sentence reference t e s t  
I I1 f i r s t  f i r s t  

Reference sentence: 
Bath tonemes correct -56 -7 -18 4 5  
Firs t  toneme wrong -34 15 7 -26 
Last toneme wrong 56 54 63 47 
Both tonemes wrong 59 59 72 46 

Intermetation of the results  
1. Three facts inmediately emerge from Fig. 3: 

(1)Sentence f inal  position is much more important to the perception of 
tonemes than internal position: reference sentences w i t h  two cor- 
rectly used tonemes scored only sl ightly better than t e s t  sentences 
w i t h  1 112 followed by correct toneme, which in  turn -red anly 
sl ightly better than reference sentences with wroq follmed by 
correct toneme. 

(2)The predicted order of acceptability was confirmed for test sen- 
tences: sentences with toneme 1 112 i n  both t e s t  words scored 1- 
than those w i t h  1 1/2 i n  m l y  one test wrd. Of these, the t e s t  
sentences w i t h  the correct toneme in  f inal  position was preferred. 

(3)The predicted order of acceptability was also confirmed for t b  
reference sentences: the acceptability scores decreased ( in  canpar- 
ison with the t e s t  sentences) i n  t h i s  order: both tonems correct - 

I 

f i r s t  ton- wrong - l a s t  toneme wrong - both trrnemes wrong. , 

2. There is a clear trend in  f i e  responses: True tonemes used correct- 
l y  were f e l t  as better than meme 1 112 (negative nmbers); Tbgleme 
1 1/2 was f e l t  to be considerably better  than true tonemes used 
incorrectly (positive numbers). 

3.  Used correctly, toneme 2 was f e l t  to be much better  than toneme 1, 
as emerges fran a carrparison of both of them with toneme 1 1/2 (tm 
-st raws of Table I I A )  , Sentences I an3 11) ; it seens that the 
@ contour for toneme 1 in  sentence f inal  position was not f e l t  to 
be quite satisfactory: an3 yet, when tonem 1 was used incorrectly, 
1 112 was f e l t  to be a lot better (bottom tw rows of Table In), 





pairs of the t w  tonemes; one had only true tonemes used correctly, 
another toneme 1 1/2 in the wrds in question, and the third only 
true tonemes used incorrectly in these words. To judge by the 
facial expressions ard noises made by the Norwegian participants, 
the "correct" version was reasonably good (at least prosodically), 
the 1 112 version was also reasonable, but the "wrorq" version was 
awful. 

The psy~linguistic implications of these findings may be relevant 
to other areas of speech synthesis, for instance to the question of 
allocating vowel qualities when the orthographic representation makes it 
difficult for a text-to-speech system to choose between t m  neighbowing 
qualities. In the case of synthesizing the right toneme, this investiga- 
tion shows that in constructing a Norwegian text-to-speech system one 
must consider whether to include an intermediate tonme as a means to 
alleviating the a-dness caused by the inability of the system to 
choose the correct toneme in all cases. The fwcthnal load an tonal 
distinctions is on the wtaole not very great in the Scandinavian lan- 
guages. Both Norwegian and W i s h  include dialects where the to& 
distinctions have been lost. This suggests that an ambigous toneme 
realization wuld in most cases be disdiguated by the linguistic or 
situational context. 
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