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Abstract 
This paper is about automatic classification of dialect and accent type in Swedish. 
We used disyllabic words from the speech material of the Swedia 2000 dialect 
project in order to build a statistical prediction model. The model uses different 
parameters extracted from F0 contours of the words. Classification of dialect is 
performed for the features 'province' and 'village', whereas classification of accent 
is performed for the feature 'type'. 

The best results for province, village and accent type are 30.3%, 15.7% and 
85.4% correct predictions, respectively. This shows that the categories of province 
and village are too specific to use for a prediction model based on these F0 
parameters, whereas it is possible to predict accent type with some accuracy even 
across dialects. 
 
Introduction 
It has long been known that intonation is a major 
source of variation in the dialects of Swedish. 
An important factor in causing this variation is 
found in the intonation data collected by Meyer 
(1937 and 1954) where it is clear that the 
temporal properties of turning points in the F0 
contour differ among dialects. 

In different experiments, Bruce & Gårding 
(1978) and Bruce (1983) showed that the 
perceived type of dialect of an utterance could 
be varied by means of resynthesis with different 
F0 contours. Bruce (p.c.) has also demonstrated 
that dialect type may be recognized from the 
laryngeograph signal of an utterance. This 
indicates that listeners are able to use F0 as a 
cue to dialect. 

House (1990) and House & Bruce (1990) 
have dealt with automatic prosody recognition. 
Based on the performance of a human expert's 
analysis of F0 contours, they develop a set of 
rules for the classification of unknown F0 
contours. 

The experiments presented here are based on 
the same basic idea: intonation, as manifested in 
the F0 contour, plays a part in the prediction of 
certain features of dialectal and accentual 
variation and it is possible to automatize the 
recognition of some aspects of this relationship. 

A possible application for dialect recognition 
is in voice response systems, which need to be 
able to cope with dialectal variation in order to 
maximize the number of potential users. 

Identification of accent type may restrict lexical 
possibilities and therefore facilitate lexical 
search and access in automatic speech 
recognition systems. 

Experiment 
In this section we will describe the material, the 
analysis methods and the modeling. 

Hypothesis 
The question we would like to answer is: to 
what extent can acoustic properties, like the 
timing and level of turning points in the F0 
contour be used to recognize the dialect or type 
of accent correctly? 

A related question is if other information 
sources is advantageous in such a classification 
task, more specifically: does it help if we know 
which accent the speaker intended and/or if we 
know the segmental properties of the word, like 
temporal location of vowel or voice onset? Even 
though such information isn't obtainable directly 
from an acoustic analysis it may be available, 
e.g. in an alignment task. The issue has, 
however, not been dealt with in the framework 
of this paper. 

Material 
In this study, we used the material collected 
within the Swedia 2000 dialect project (Bruce et 
al 1998). In the Swedia material, there are 
recordings from more than 100 villages and 
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towns, mainly located in Sweden but also a few 
in Finland, where Swedish is spoken in some 
areas. Gender and age is covered by recordings 
of both men and women, and of 'older' (aged 
around 55) and 'younger' (aged around 25) 
informants. There are at least three informants in 
each group of combination of gender and age 
(such as 'older men') from each village. 

The material we will use in this study 
consists of the words 'dollar' (Accent 1) and 
'kronor' (Accent 2) spoken in phrases like 'tio 
dollar' or 'tjugo kronor', where either the 
numeral or the currency word is given phrase 
focus. Thereby we get both focal and non-focal 
versions of both A1 and A2 words. Each phrase 
is repeated a number of times, giving several 
versions of each word for each informant. The 
phrases were not read from written versions, but 
elicited by the interviewer by showing the 
informant notes with symbols for each word. 

The recordings were made in the informants' 
homes using a portable DAT-recorder and care 
was taken to avoid background noise. In almost 
all cases the recordings are of very high quality. 

Labeling 
The material was first labeled on the word level, 
locating the start and end position of each word 
in the whole recording session of an informant. 
In this process, word accents and phrase focuses 
were also indicated. For further segmental 
transcription we used a semi-automatic method 
consisting of automatic aligning and then 
manual post-processing of the segment 
boundaries. In this way, the temporal location of 
segment boundaries, most notably the important 
information about vowel onset in the stressed 
syllable, is obtained for each word. 

From this material we used the group 'older 
men'. Due to reasons of prioritizing within the 
project, the labeling of these were the first to be 
completed and ready for use. At the time of this 
study, only the material from southern Sweden 
was available to us. This material contains 
recordings from all provinces between Skåne in 
the south up to Dalsland, Östergötland and 
Gotland in the north. All in all, we have more 
than 100 speakers from ten different provinces 
in southern Sweden. 

Acoustic analysis and parameterization 
Three different set of parameters were extracted 
from the words in the material: 

1) Time and F0 values of the first fall where 
the beginning of the fall comes before the end of 
the vowel in the stressed syllable. The temporal 
locations of the turning points were determined 
by a stylization method (see below). Following 
Bruce (1977) and Bruce & Gårding (1978), the 
method assumes that the perceptually relevant 
cue for accent is a fall somewhere near the 
vowel in the stressed syllable. Currently, the 
method is 'greedy'; i.e. it tries to identify the 
longest possible fall in the whole contour. This 
means that sometimes the end points may not be 
the ones a human analyzer would choose, since 
the F0 contour may continue to fall after the 
most relevant part of the fall. This is something 
we will try to improve in the future. 

2) F0 level at the onset of the vowel in the 
stressed syllable. Time and F0 level of the two 
first stylization points (see below) after the 
vowel onset. This method makes no explicit 
assumption about the direction of F0 after the 
vowel onset, but only tries to capture the 
acoustic features of the turning points directly 
following it. Frid (2000) used the method with 
some success in distinguishing between Accent 
1 and 2 in material from Skåne. 

3) Tilt values. These values are based on the 
Tilt model by Taylor (2000). In this model, each 
intonation event is characterized by continuous 
parameters representing amplitude, duration and 
tilt (the shape of the event). The parameters are 
extracted using the tilt_analysis program 
distributed with the Edinburgh Speech Tools. 

Pitch analysis 
The pitch contour used for methods 1 and 2 was 
obtained by the pitch analysis algorithm by 
Boersma (1993), that is implemented in 
Boersma's PRAAT program. This is integrated 
with the stylization method used in these 
methods. For method 3 the method by Bagshaw 
et al (1993), distributed with the Edinburgh 
Speech Tools, was used as this implementation 
is integrated with the extraction of the parameter 
set in question (tilt). In order to avoid octave 
jumps etc, the raw pitch data underwent 
inspection and, where necessary, a reanalysis 
with adjusted low-pass and high-pass filter 
settings were performed. 

Stylization 
Methods 1 and 2 use stylized versions of the F0 
contour. The stylization works by selecting tonal 
turning points in the contour. The points are 
selected so that when reconnecting the points 
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with straight lines, there may not, at any given 
point along the contour, be a difference in pitch 
between the reconstructed contour and the 
original contour that is larger than a set value, in 
this case one (1) semitone. This results in a 
series of time/frequency pairs, which describe 
the contour of a pitch pattern accurately, but 
with a smaller number of points than the full 
contour. 

Modeling 
In order to build a classification model, an 
automatic method was used to construct a 
classification and regression tree (CART, 
Breiman et al 1984) from the data. A CART is a 
statistical model, which can deal with 
incomplete data, multiple types of features both 
in input features and predicted features, and 
produces rules, which are human-readable. 
Again, we used an implementation from the 
Edinburgh Speech Tools, which is called wagon. 

All in all, there were 1858 words. Of these 
we used 90% for training and saved 10% for 
testing. As input we used both each parameter 
set individually as well as a combination of all 
parameters to see if there were synergy effects. 
Three runs where made, where we varied the 
'stop' value1, setting it either to 5, 10 or 20. The 
lower the value, the more fine-tuned to the 
training set the models get and there is a risk 
that the models get over-trained. 

We trained models to predict three different 
features: 

1) The village that the speaker of an 
utterance is from. There were 37 
different villages in the material. 

2) The province that the speaker of an 
utterance is from. There are 10 different 
provinces. 

3) The accent type of an utterance. There 
are two different accents, Accent 1 or 
Accent II. We did not distinguish 
between focal and nonfocal versions of 
the accents. 

Results 
The results for each feature prediction are shown 
in tables 1-3. The individual results for each 
method and stop condition are shown in the cells 

                                                      
1 According to Black et al (1998) this value "specifies 
the minimum number of examples necessary in the 
training set before a question is hypothesized to 
distinguish the group'' 

of each table. The results are presented as 
percentages of correct classifications. The best 
result for each method is printed in bold face. 

Table 1. Results for prediction of province. 

Method 5 10 20 

All 30.3 23.2 28.7 
1 24.3 27 28.7 
2 23.8 23.2 20.6 
3 19.5 23.8 23.8 

Table 2. Results for prediction of village. 

Method 5 10 20 

All 13.5 12.4 9.7 
1 10.8 15.7 9.7 
2 10.3 10.8 11.9 
3 12.4 8.6 11.4 

Table 3. Results for prediction of accent type. 

Method 5 10 20 

All 85.4 80.5 82.7 
1 74.1 73 74.6 
2 67.0 70.3 71.4 
3 80.5 78.9 73 

Discussion 
First, it should be noted that the best results for 
province and accent type are obtained when 
combining all the methods. We also note a 
tendency that method 1 is slightly better than 
methods 2 and 3 when predicting dialectal 
origin, whereas method 3 outperforms methods 
1 and 2 for prediction of accent type. 

Province 
The best result is 30.3%. Even though this is 
better than the estimated baseline result of 10% 
(since there are ten provinces one tenth correct 
is roughly what we would get if we guessed on 
the same province in all trials) this is still quite 
poor. The task of predicting what province the 
speaker of a given utterance is from is probably 
too specific to be performed reliably on the basis 
of F0 of disyllabic words only. 

Village 
The best result is 15.7%. This task is clearly a 
very difficult one, and much higher results 
shouldn't be expected on the basis of any other 
parameterization. This task is even more specific 
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than guessing the province and therefore the 
results are even worse. 

Accent type 
The best result is 85.4%, which we think is 
rather good, given that the geographical spread 
is very high and that the prediction is based only 
on F0 without geographical information. 

Implications and plans for 
future studies 
For dialect, we probably need to use a rougher 
classification. Predicting village or province is 
simply too specific to be done reliably. The 
accent typology of Gårding (1977) may be 
useful, but we have not tried it here. 

We also would like to improve 
parameterization method 1, which we suspect is 
too 'greedy'. Restricting the search areas for the 
end point of the fall or selecting only the 
steepest part of a combined fall are two possible 
improvement methods. 

Geographically, we are going to extend the 
data set with material from the whole project in 
order to get a more complete coverage of all 
dialect areas. Furthermore, we want to include at 
least the speaker category 'older women' in order 
to get a more balanced gender coverage. 

We did not differ between focused and 
nonfocused versions of the words. This may 
improve the results, as differences in the 
realization of focal and nonfocal accent makes 
classification harder. 

Conclusion 
We have performed an experiment on the ability 
to predict accent type and dialectal origin of 
disyllabic words using F0 and segmental data. 
We used utterances from more than 100 
different speakers (all male) from 10 provinces 
in southern Sweden. The utterances were both 
Accent 1 and Accent 2 words. The best results 
for province, village and accent type are 30.3%, 
15.7% and 85.4% correct, respectively. This 
shows that the categories of province and village 
are too specific to use for a prediction model 
based on F0, whereas accent type is possible to 
predict with some accuracy even across dialects. 
Furthermore, the best results for province and 
accent type classification are obtained when 
combining different methods of parametrization. 
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