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ABSTRACT 

The basic purpose of these experiments was to investigate 
place of articulation (dental or alveolar) for coronal 
consonants in a number of Swedish dialects. A combined 
EPG and listening experiment indicated that native 
Swedish speakers are able to reliably discern dental and 
alveolar coronals and, thus, that the question could be 
approached on the basis of auditory analysis. Listening 
tests suggested that /t/ is produced at a dental rather than 
alveolar place of articulation whereas /d/ is alveolar in 
many Swedish dialects. This pattern turned out to be not 
only dialect-specific but also characterised larger dialect 
areas. In contrast to /t/, /d/ also tended to be 
approximantised, but this effect did not vary 
systematically with dialect. /n/ and /l/ tended to pattern 
with /t/ in being dental rather than alveolar, and fully 
closed rather than approximantised. However, /l/ was also 
found to be strongly retroflexed in many dialects. Some of 
these effects were verified through acoustical 
measurements. It was found, in particular, that alveolar /d/ 
productions have shorter closures than dental /d/ 
productions. These findings are discussed on the basis of 
aerodynamic considerations. 

1. INTRODUCTION 

Informal listening has suggested that, whereas voiceless /t/ 
is usually produced as a fully stopped dental in the 
Swedish dialects, its voiced stop cognate /d/ is frequently 
either alveolarised or approximantised. For the sonorants 
/n/ and /l/, dental articulation with full front contact seems 
to be the rule with the notable exception that many 
Swedish dialects display a strongly retroflexed /l/. 

Informal observations further suggest that alveolar or 
approximant-like productions of /d/ may be rather 
common in many languages of the world (O. Engstrand, 
p.c.). This, then, should reflect some language-
independent constraint on production or perception of /d/. 
There seems, in fact, to be a number of aerodynamic 
circumstances that are compatible with the observed 
tendencies. First, stop articulation is known to be 
unfavourable to voicing, the reason being the rapid 
equalisation of sub- and supraglottal pressures that takes 
place when air is trapped in the closed upper cavity. One 
of the means by which this conflict can be resolved is 
active expansion of the volume of the supraglottal cavity 
[1] and [2]. Since tongue tip retroflection with 
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mitant tongue body lowering could contribute to 
a result [2], it appears to be consistent with the 
ation that /d/ tends to be alveolar. It is possible that 
echanism is also related to the observation [3] that 

sives tend to be alveolar/retroflex rather than dental. 

d, stop voicing may be related to closure duration 
rticulator mobility [2]. In particular, smaller and 
 articulators can produce shorter closures than more 
ve and slower articulators. If voiced stop closures 
timed to accommodate the limited duration of 
g that can readily be produced during stop closures, 
ngue tip might be more effective than the blade in 
cing voiced coronal stops. This consideration, then, 
 only compatible with an alveolar bias in /d/ but also 
the empirically established fact that voiced stop 
es, cet. par., tend to have shorter durations than do 
ess stop closures. 

onflict between stop articulation and voicing could 
e resolved by changing the voiced stop into a voiced 
ximant, thus avoiding pressure build-up by letting 
scape out of the vocal tract [2]. Evidence for 

atic use of this possibility was provided by the high 
nce of approximantisations of voiced, but not 
ess stops in intervocalic position observed in [4] in 
wedish speaker. These vocal tract constraints thus 
r to provide an independent basis for the hypothesis 
d/, but not /t/, should tend to be alveolarised or 
ximantised in the languages of the world, including 
edish dialects. 

onorant consonants /n/ and /l/ are not subject to the 
aerodynamic constraint on voicing as are the stops. 
 is, thus, no aerodynamic basis for expecting these 
s to go with either /t/ or /d/ with regard to place or 
er of articulation. However, if /n/ and /l/ pattern with 
in tending to be alveolar or produced with 
ximantisation), this would suggest that these aspects 
onal production are governed by factors other than 
related to voicing. This would make /t/ the outsider 
 series. However, the above discussion suggests that 
ht be more reasonable to expect that /d/ is the 
er for aerodynamic reasons, and that /n/ and /l/, like 
 normally produced as dentals. 

a dialectological point of view, it is of some interest 
arify whether coronal place and manner of 
lation are distributed geographically in any 
pled way, or just scattered randomly over the dialect 
If the effects are indeed systematic, the question 
 to what extent they correlate with other 



pronunciation features providing further empirical support 
for a typological classification of the Swedish dialects [5], 
[6], [7], [8] and [9]. The purpose of this paper is, thus, to 
examine the occurrence of alveolarisation and 
approximantisation of coronal consonants in a subset of 
the Swedish dialects.

However, articulatory measurements on a large number of 
dialect speakers are hard to come by. It is therefore of 
some interest to determine to what extent the discussed 
kind of variability in coronal articulation can be detected 
auditorily. It is reasonable to assume that native speakers 
of a language with a dental vs. alveolar contrast should be 
sensitive to place shifts in the dental/alveolar region as 
long as they are of an order of magnitude used in the 
language. Even though Swedish does not display an 
underlying dental vs. alveolar contrast, sequences of 
/r/+coronal are regularly realised as alveolars in Central 
Standard Swedish as well as in many regional varieties of 
the language. This assimilation effect gives rise to several 
word pairs in which dental vs. alveolar place of 
articulation contrasts on the surface, e.g., våta [ ] ‘wet’ 
vs. vårta [ ] ‘wart’; modet [ ] ‘the courage’ vs. 
mordet [ ] ‘the murder’; vana [ ] ‘habit’ vs. 
varna [ ] ‘warn’; påla [ ] ‘pile’ vs. porla [ ]
‘ripple’; and mossa [ ] ‘moss’ vs. morsa [ ] ‘say 
hello’. Many Swedish speakers would thus – perhaps in 
contrast to speakers of dialects or languages in which 
underlying or surface contrasts of this kind do not appear 
– be expected to reliably discern these places of 
articulation in running perception. 

To sum up, the following hypotheses have been discussed 
in relation to coronal production in the Swedish dialects: 
H1: Native Swedish speakers are able to reliably 
distinguish two places of articulation in coronal 
consonants. H2: Whereas /t/ is produced at a dental rather 
than alveolar place of articulation in the Swedish dialects, 
/d/ frequently displays an alveolar place of articulation. 
H3: In contrast to /t/, /d/ tends to be realised as a voiced 
approximant, at least in some, notably intervocalic 
contexts. H4: /n/ and /l/ pattern with /t/ in tending to be 
dental rather than alveolar, and fully closed rather than 
approximantised. H5: Alveolar /d/ productions have 
shorter closures than dental /d/ productions. H6: The 
presence or absences of the above properties of the 
coronal consonants are dialect-specific rather than 
randomly distributed across the Swedish dialects. The 
experiments described below were carried out to test these 
hypotheses. 

2. EXPERIMENT 1 

2.1 PURPOSE AND METHOD 
This experiment was carried out to test Hypothesis 1, i.e., 
to explore native Swedish listeners’ capability of 
distinguishing between dental and alveolar coronals. In 
order to verify the reliability of the listening test, 
simultaneous audio and electropalatographic (EPG) 
records were obtained to determine the tongue-contact 
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female and one male native speaker of Central 
ard Swedish, seated in a sound-treated room, 
ced symmetrical VCV utterances (V=/ , , , , /,

, , /) several times continuously varying the 
tive consonants between a dental and a postalveolar 
of articulation. The audio signal was recorded using 
S SE300B microphone placed at 30 cm from the 

ers’ mouth. The signal was low-pass filtered at 7 
nd digitised at 16 kHz with 16 bit resolution. The 
data were obtained using EPG palates and digitised 
0 Hz. The artificial palates had 8 rows with 6 
odes in the first row and 8 electrodes in the 
ning rows [11]. For the present purpose, EPG 
ns with the first and last full contact on the first or 
d row were considered dental, and patterns with the 
nd last full contact on or behind the third row were 
ered alveolar. 

normally hearing subjects with basic to extensive 
tic training, students or staff at the author’s 
tment, participated in the listening test. All subjects 
native Swedish speakers with the dental/alveolar 
e contrast described above. The stimuli were played 
from a PC using the ‘Judge’ tool included in the 
 Soundfile Editor (AB Nyvalla DSP, 87-98). All 
ts took the test individually and listened to the 

li via headphones. Listeners were given a forced 
 between two possible responses: ‘dental’ or 
lar’. The stimuli produced by the female and the 
speakers were presented separately such that half of 
bjects listened to the female speaker first, and half of 
bjects listened to the male speaker first. Stimulus 
was automatically randomised for each listener.  

ESULTS AND DISCUSSION 
results are presented in the form of confusion 
es (Table 1a-d). Given stimuli (EPG categories) are 
ted in the rows, and listeners’ responses are shown 
 columns. Thus, ‘correct’ responses are found at the 
ections (the shaded cells) between the rows and 
ns pertaining to a given category (Dental (D) or 
lar (A)). 

/t/ 1b /d/
D A D A
93,8 6,3 D 84,7 15,3
0,0 100,0 A 0,0 100,0

/n/ 1d /l/
D A D A
80,0 20,0 D 62,8 37,2
17,2 82,8 A 44,4 55,6

 1a-d: Listener responses to stimuli in experiment 1 
teners and both speakers). All numbers are given in 
t. 

 1a-d shows all listener responses to both speakers. It 
 seen that /t/ has a 93,8 percent identification score 
e dental stimuli and a 100 percent score for the 
ars. /d/ and /n/ were correctly identified as dentals in 



84,7 and 80 percent of the cases, respectively, and 
correctly identified as alveolars in 100 and 82,8 percent of 
the cases, respectively. For /l/, the corresponding 
identification scores were 62,8 and 55,6 percent, 
respectively. The general tendency seems to be that the 
alveolars are easier to identify than the dentals, except for 
/l/, where there is a weak tendency to the contrary. 

The corresponding results for the two ‘best’ listeners are 
presented in Tables 2a-d and 3a-d. These listeners were 
the author and a co-experimenter who had listened to the 
stimuli several times while preparing the experiment. 
Probably as an effect of training, these listeners displayed 
a more reliable response pattern than the remaining 
listeners. For example, the best listener’s identification of 
/t/ and /d/ (Table 2a-b) reached 100 percent for both dental 
and alveolar places of articulation; and second best 
listener’s responses to /t/ and /d/ (Table 3a-b) were almost 
100 percent correct for both places of articulation. 
However, both listeners were less successful with /n/ and 
/l/ than with /t/ and /d/ but still tended to be more reliable 
than the remaining listeners. Apparently, then, the results 
pertaining to the best two listeners show an effect of 
training. 

2a /t/ 2b /d/
D A D A

D 100,0 0,0 D 100,0 0,0
A 0,0 100,0 A 0,0 100,0

2c /n/ 2d /l/
D A D A

D 80,0 20,0 D 80,0 20,0
A 12,5 87,5 A 47,5 52,5

Table 2a-d: The ‘best’ listener’s responses to the stimuli 
in experiment 1. All numbers are given in percent. 

3a /t/ 3b /d/
D A D A

D 100,0 0,0 D 90,0 10,0
A 0,0 100,0 A 0,0 100,0

3c /n/ 3d /l/
D A D A

D 90,0 10,0 D 90,0 10,0
A 12,5 87,5 A 37,5 62,5

Table 3a-d: The ‘second best’ listener’s responses to the 
stimuli in experiment 1. All numbers are given in percent. 

In summary, the results of this experiment partly 
corroborates hypothesis 1 in showing that native Swedish 
speakers are able to distinguish well above chance dental 
from alveolar places of articulation in coronal consonants. 
It is evident, however, that /t/ and /d/ were easier to 
classify than /n/ and /l/. The observation that the author 
and the co-investigator attained even more reliable 
identification scores is particularly significant in view of 
the fact that these listeners also served as judges in the 
main listening test. That test, which was concerned with 
place of articulation for coronals in the Swedish dialects, 
is reported next. 
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3. EXPERIMENT 2 

RPOSE AND METHOD 
urpose of experiment 2 was to test hypotheses 2-4 
, that /t/ is dental whereas /d/ tends to be alveolar, 
/, in contrast to /t/, tends to be realised as a voiced 

ximant, that /n/ and /l/ tend to be dental rather than 
ar and fully closed rather than approximantised, and 
these properties are dialect-specific rather than 
uted at random. 

words containing /t/, /d/, /n/ and /l/ in intervocalic 
t were drawn from recordings with three male, 

 middle age speakers of 29 Swedish dialects. The 
ts are spoken in a broad central Swedish region 
ing from West to East into parts of the Swedish 

ing areas of Finland. The words were gata / /
t’, bada / / ‘bathe’, panna / / ‘forehead’ 
la / / ‘speak’. Each speaker produced each word 
st three times. All four words have the so-called 
 tonal word accent; in contrast with the remaining 
, panna has a long rather than a short consonant. 

isteners (the author and the co-investigator) used a 
 choice design to judge the stimuli as either dental 
eolar. Specifically, the task was to associate each 

onsonant with a dental similar to that used by both 
rs in their normal production of the test words, or 
an alveolar as used by both speakers in their 
tive [ ], [ ], [ ] and [ ] productions (underlying /rt/, 

rn/ and /rl/ as noted above). The listeners were also 
termine whether /t/ and /d/ were full stops or 
ximants. The test was carried out individually in 
of the computer screen, and the listeners wore 
hones. After the individual sessions, they went 
h the material jointly resolving most of the 
ely few individual discrepancies. 

ESULTS AND DISCUSSION 
 4 summarises the listener responses. For each 
nant, the columns show number and percentage of 
, alveolar and approximant responses as indicated in 
p row.  

Dental Alveolar Approx. Retro. Agreed 
 48 30 16 0 94 

99 0 0 0 99 
 82 15 0 0 97 

59 2 0 39 100 

 4: Summary of listener responses and degree of 
r agreement with respect to four response categories 
ntages rounded to the nearest integers). 

dental’ and ‘alveolar’ columns contain full phonetic 
only; the approximant realisations were not formally 
d in terms of place, although subsequent listening 
sted that they were always dental. In addition, a 
flex’ column has been included in the table since 
l speakers used a strongly retroflex realisation of /l/. 

ightmost column shows the degree to which the two 
rs agreed as to the four response categories. 

able shows, for example, that 48 percent of the /d/ 
s were judged as dental, 30 percent as alveolar, and 



16 percent as approximant. Listener agreement for /d/ 
reaches 94 percent. For /t/, both dental responses and 
listener agreement reached almost 100 percent. Of the /n/ 
stimuli, 82 percent were judged as dental and 15 percent 
were judged as alveolar with a 97 percent listener 
agreement. Finally, /l/ was heard as dental in 59 percent of 
the cases, just marginally as alveolar, and as strongly 
retroflexed in 39 percent of the cases; the two listeners 
agreed on these judgements to 100 percent. The average 
listener agreement was 98 percent across all four response 
categories. 

Figure 1: Filled circles: dental /d/, filled squares: alveolar 
/d/. Hollow squares: dominating alveolar /d/ with 
occurrences of the dental /d/. 

In essence, the results corroborated the hypotheses: /t/ was 
predominantly dental whereas /d/ tended to be alveolar; 
/d/ tended to be realised as a voiced approximant; /n/ and 
/l/ tended to pattern with /t/ in terms of a dental place of 
articulation (except for the strongly retroflex /l/ variant) 
and to be fully closed rather than approximantised. 

It was also hypothesised that some of these properties are 
dialect-specific rather than distributed at random. Some 
positive evidence concerning /d/ is summarised in Figure 
1. In the map, the filled circles indicate dental /d/ variants 
and the filled squares indicate alveolar /d/ variants. The 
hollow squares represent dialect areas where alveolar /d/ 
dominates along with occurrences of the dental variety. It 
can be seen that either dental or alveolar /d/ is consistently 
used in most areas. This provides support for the 
hypothesis that the use of dental or alveolar /d/ is in fact 
dialect-specific. Also, clear concentrations of dental 
versus alveolar /d/ realisations can be seen over larger 
areas. On the other hand, approximantised /d/ realisations 
were not found to be systematically related to smaller or 
larger areas; they appear to be related to individual 
speaking habits rather than to dialects and were probably 
favoured by the intervocalic context in which they 
occurred in this experiment. 

Finally, acoustical measurement (locus frequencies, 
spectral shapes and durations) have been made to verify 
some of these perceptual findings. In particular, these 
measurements corroborated hypothesis 5 above, that 
alveolar /d/ productions tend to have smaller closure 
durations than dental /d/ productions. 
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