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ABSTRACT 

It is not unusual for unvoiced stops following stressed 
vowels to be slightly preaspirated in Swedish. However, in 
two Swedish dialects preaspiration plays a more prominent 
and even normative role. Preaspiration, moreover interacts 
with quantity, although in different ways in the two 
dialects. This dependence on preaspiration for the 
distinction of quantity is the topic of this paper reporting 
production as well as perception data. 

1. INTRODUCTON 

1.1 COMPLEMENTARY LENGTH IN SWEDISH 
In Central Standard Swedish (CSS) phonologically long 
and short vowels and consonants occur in a 
complementary pattern; a long vowel is followed by a 
short consonant, V:C, and a short vowel is followed by a 
long consonant, VC:. The long-short distinction is 
restricted to stressed syllables; in unstressed syllables all 
segments are phonologically short. The length distinction 
is maintained primarily by duration, the vowel occupying 
42 and 28% respectively of the total duration of the V:C 
and VC: sequence of words (computed on data in [2]), but 
vowel quality may also contribute to the distinction, see 
e.g. [4]. 

Other varieties of Swedish are less well investigated and it 
is not clear to which extent they correspond to the
standard pattern. The present study aims to investigate 
how the V:C versus VC: is brought about in two dialects, 
spoken in Vemdalen and Arjeplog in Sweden (Figure 1). 
Previous research has shown preaspiration duration to 
interact with vowel and consonant duration in the two 
dialects, although in quite different ways [9]. In the 
present study we will extend the previous analyses and 
also include formant data. The focus, however, is on the 
role of preaspiration for quantity distinctions. Therefore, a 
perception test will also be reported. The study is part of 
an investigation which aims at the development of a
typology for quantity in Swedish [6] within the large-scale 
dialect project SweDia 2000, see http://www.swedia.nu. 

1.2 PREASPIRATION 
Preaspiration is characteristic in the transition from a 
vowel to a following voiceless stop consonant in for 
example Icelandic, Scottish Gaelic, Faroese and 
Norwegian ([5] and references there). In Icelandic there is 
a three-way stop contrast in medial and final position, (1) a 
long (geminate) preaspirated voiceless stop and (2) a long 
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rated voiceless stop (in both cases following a short 
 and (3) a short aspirated voiceless stop (following a 
vowel). Voiced consonants generally lack 

iration. Thus, preaspiration has mainly been 
ed as a feature for distinguishing voiced from 
ss consonants, for example [5], [3] and [1].
on [5] makes a distinction between normative and 
rmative preaspiration. In the normative case,
iration is obligatory and may have a phonologically 
ioned distribution, while non-normative preaspira-
 idiolectal and occurs irrespective of phonological 
t. In line with this, preaspiration in Icelandic seem to 
the normative type, while for example Swedish [5] 
orwegian [1], have both normative and non-

tive variants.  

EASPIRATION IN SWEDISH DIALECTS 
 majority of the Swedish dialects preaspiration 
ts to less than 5% of the total VC sequence [8], [9]. 
two dialects of Vemdalen and Arjeplog, however, 
iration occupies considerably more of the VC 
ce. This might indicate that preaspiration fulfills a 
n in these cases. In the next section we present the 
nal patterns (including preaspiration durations) in 
uences, as well as spectral data from these dialects.  

 1: The area in which Swedish dialects are spoken. 
dots represent all the recorded dialects within 

a 2000. Circled dots are Arjeplog (in the very north) 
mdalen. 

2 ACOUSTIC ANALYSES  

ATERIAL AND SPEAKERS 
aterial was restricted to two pairs of isolated words, 
f which made up minimal CV:C - CVC: pairs. The 
contained short and long variants of the vowels /a/ 
 preceded and followed by single consonants: /ta:k/ 
- /tak:/ ‘thanks’ and /di:t/ ‘there’ - /dit:/ ‘yours’. 
ord was produced five times by three elderly male 

rs for each dialect.  



2.2 MEASUREMENTS 
The recorded material was digitized and segmented. The 
VC sequence of the words, the focus of the study, was 
divided into three segments, vowel (V), preaspiration (h) 
and consonant (C). Durations (in ms) were measured for 
each segment (see [6] for segmentation criteria). First and 
second formants were measured in Hz and Bark-
transformed for all vowels based on the mean of three 
measurement points for each vowel (25, 50 and 75% into 
the vowel). Durations and formant data are reported as 
means of the five repetitions for each speaker. 

2.3 DURATION DATA 
Preaspiration apparently is a prominent feature in the 
Arjeplog dialect. It occurs in both V:C and VC: words but 
is considerably longer in the words with a long vowel 
(about three times as long as in words with a short vowel). 
Table 1 presents the durations of the vowel, preaspiration 
interval and consonant for each specific word separately 
for the three Arjeplog speakers. Computed on the total data 
set (pooled for the three speakers) the difference in 
preaspiration between V:C and VC: words is highly 
significant (F (1, 58) = 61,062, p < ,0001).  

 V h C Total 
A1  ta:k 141(17) 104(19) 126(25) 372(24) 
      tak: 74(34) 29(41) 191(27) 294(24) 

A2  ta:k 112(12) 95(15) 127(8) 334(14) 
       tak: 91(17) 37(20) 155(23) 283(34) 
A3  ta:k 206(54) 55(51) 116(14) 377(17) 
       tak: 114(10) 49 (4) 169 (4) 331(12) 

A1  di:t 99(8) 157(14) 129(18) 385(18) 
       dit: 78(8) 85 (10) 214 (7) 378(10) 
A2  di:t 102(7) 139(12) 112(7) 353(21) 
       dit: 122(5) 37(9) 242(27) 401(20) 
A3  di:t 143(16) 162(20) 95(6) 400(20) 
       dit: 133(6) 31(6) 196(11) 360(14) 

Table 1: Durations in ms of the vowel (V), preaspiration 
(h) and consonant (C) for each word (means and standard 
deviations of five repetitions). Data are given separately 
for each speaker (A1, A2, A3). 

Thus Arjeplog has the two contrasting patterns (Figure 2), 
one with long preaspiration (V:C words in CSS) and one 
with short aspiration (VC: words in CSS).  

Figure 2: Duration patterns in Arjeplog. Normalised 
durations of the vowel, preaspiration and consonant in the 
VC sequence for two minimal word pairs. Mean values of 
five repetitions pooled for three speakers. 
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stinction between longer and shorter preaspiration is 
strated by the use of /H/ for the longer and /h/ for 
orter preaspiration duration. Vemdalen presents 
s of preaspiration very different from Arjeplog. In 
len preaspiration is most prominent in VC: words 
g between 74 and 203 ms for the three speakers, 
t is almost non-existent in V:C words.  

 V h C Total 
V1  ta:k 191(33) 6(14) 102(20) 300(42) 
      tak: 103(5) 74(17) 113(23) 290(29) 

V2  ta:k 213(19) 12(11) 162(23) 386(37) 
       tak: 128(7) 74(18) 152(7) 359(16) 
V3  ta:k 270(17) 0(0) 269(23) 539(16) 
       tak: 149(7) 129(15) 173(17) 451(23) 

V1  di:t* 169(0) 0(0) 186(0) 354(0) 
       dit: 127(27) 145(24) 133(14) 405(47) 
V2  di:t 187(13) 0(0) 167(14) 354(25) 
       dit: 132(11) 84(11) 167(13) 383(17) 
V3  di:t 252(12) 0(0) 226(9) 478(18) 
       dit: 141(10) 203(22) 184(21) 528(32) 

2: Durations in ms of the vowel (V), preaspiration 
 consonant (C) for each word (means and standard 
ons of five repetitions). Data are given separately 
h speaker (V1, V2, V3). *Based on just one reading. 

g the data for the three speakers, two distinct 
s can be observed. These patterns, given as 
lized durations, are shown in Figure 3.  

 3: Duration patterns in Vemdalen. Normalised 
ns of the vowel, preaspiration and consonant in the 

quence for two minimal word pairs. Mean values of 
petitions pooled for three speakers. 

material included in our previous study of 
iration and quantity (including words with vowels 
than /a/ and /i/) revealed the existence of a third 
. There were words consisting of the short vowel 
lowed by a long consonant – and no preaspiration. 
his additional pattern the Vemdalen dialect appears 
espond to Icelandic (see 1.2). 

RMANT FREQUENCES 
nt data for the Arjeplog and Vemdalen speakers are 
ted in Table 3. As can be seen, F1 and F2 values are 
imilar for long and short /i/ for all three Arjeplog 
rs, while both formants differ between long and 
a/. For the Vemdalen speakers, both formants differ 
lightly for /i/, while long and short /a/ have very 
 values, with F2 for V3 being an exception. 
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  F1 F2   F1 F2 
A1 a: 5,6 7,8 V1 a: 5,2 7,9 
  a 7,4 10,8   a 5,3 7,9 
  i: 3,1 13,8   i: 3,1 13,9
  i 3,4 13,8   i 3,4 13,7

A2 a: 5,7 8,4 V2 a: 5,0 7,8 
  a 6,4 10,3   a 5,1 7,9 
  i: 3,7 13,2   i: 3,0 13,1
  i 4,1 13,5   i 3,6 12,9

A3 a: 6,4 8,7 V3 a: 5,6 7,7 
  a 7,0 10,4   a 5,5 8,4 
  i: 3,3 13,7   i: 2,8 14,4
  i 3,4 13,7   i 3,6 13,7

Table 3: Formant frequencies, F1 and F2 in Bark for 
speakers of Arjeplog (A1-A3) and Vemdalen (V1-V3). 

2.5 DISCUSSION 
Comparing preaspiration duration in Arjeplog and 
Vemdalen with the CSS pattern of V:C vs. VC: we observe 
the following patterns: 

CSS Arjeplog   Vemdalen 
V:C long preaspiration (H) no preaspiration (Ø) 
VC: short preaspiration (h) short preaspiration (h)

Thus in Arjeplog there is a distinction between long and 
short preaspiration associated with CSS V:C and VC:, 
respectively. In Vemdalen the distinction is between no 
preaspiration in the case of V:C, and short preaspiration in 
the case of VC:. In addition there are differences in 
duration in the long vs. short vowels and consonants in 
both dialects. However, also in this respect, the two 
dialects present different patterns. In Arjeplog the long 
and short vowels are very similar, (occupying 35 vs. 30%, 
respectively, of the total VC sequence). The distinction 
instead is brought about by the difference in preaspiration 
(34% vs. 13%, respectively for the V:C and VC: 
sequences) and also, consequently, the following 
consonant. In Vemdalen it is the other way around. The 
relative durations corresponding to the CSS V: and V are 
50% and 30%, respectively, while the consonants are
similar in duration.  

The preaspiration pattern in Vemdalen has a strong 
correspondence to the pattern in Old Norse (see [5], and 
1.2 above). The background of the very different pattern 
of Arjeplog is less easy to trace, although it has been 
assumed to be a Sami substrate [7]. However, in both 
dialects preaspiration can be considered normative (see 
1.2). It appears as an obligatory and prominent feature for 
all of the speakers in the study. Also, the differences in 
duration are great enough to warrant an investigation of a 
potential role for preaspiration as a quantity feature. Thus, 
in the next section we report on a pilot experiment to study 
the potential contribution of preaspiration differences in 
the perception of quantity differences.  
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PERCEPTION OF PREASPIRATION 

ATERIAL  
the five repetitions of each word in the production 
one representative item was chosen for each speaker 
original. These originals were then manipulated. For 
rjeplog speakers, the preaspirated interval was 
ged in VC: words and shortened in V:C. Thus the 
iration was changed from the original to that of the 
te pattern. For the Vemdalen speakers the same type 
ipulations were made; the original V:C word got the 
iration duration of the VC: word and vice versa. As 
and consonant duration were kept unchanged, the 

ulations affected the total durations. The set of 
i consisted of both the original and the manipulated 
tak:/, /di:t/ and /dit:/, that is, 72 each for Arjeplog 
emdalen (4 original and 4 manipulated stimuli x 3 
ions x 3 speakers). 

BJECTS AND PROCEDURE 
steners were 4 elderly men from Arjeplog and 
len, respectively, all 50-65 years and none having 
ported hearing loss. The stimuli were played in 
 order in blocks of 24 over headphones to the

ts. Arjeplog listeners judged both Arjeplog and 
len stimuli and similarly, Vemdalen listeners judged 
emdalen and Arjeplog stimuli. The experiment 
 choice between /ta:k-tak:/ and /di:t-dit:/) took about 
utes. 

ESULTS AND DISCUSSION 
 results we focus on the Arjeplog listeners’ 

ents of Arjeplog stimuli (Table 4a-b) and the 
len listeners’ judgments of Vemdalen stimuli (Table 
The Arjeplog judgments of Vemdalen stimuli and 
rsa will only be dealt with in passing. 

 Judged as 
/a/ Arjeplog /tak/ /tack/ 
Orig. /tak/* 100%  ---- 
Mani. /tak/ 100% ---- 
Orig. /tack/  8% 92% 
Mani. /tack/ 3% 97% 

 Judged as 
/i/ Arjeplog /dit/ /ditt/ 
Orig. /dit/ 97% 3% 
Mani. /dit/ 83% 17% 
Orig. /ditt/  ----- 100% 
Mani. /ditt/ 42% 58% 

4a-b. Confusion matrix (percentages of total 
r of answers = 36 per stimuli = row). * Based on 
e speaker = 12 answers. 



 Judged as 
/a/ Vemdalen /tak/ /tack/ 
Orig. /tak/ 100% ----- 
Mani. /tak/ 86% 14% 
Orig. /tack/  ----- 100% 
Mani. /tack/ 22% 78% 

 Judged as 
/i/ Vemdalen /dit/ /ditt/ 
Orig. /dit/ 100% ----- 
Mani. /dit/ 67% 33% 
Orig. /ditt/  5% 95% 
Mani. /ditt/ 19% 81% 

Table: 5a-b. Confusion matrix (percentages of total 
number of answers = 36 per stimuli = row).  

Both in Arjeplog and Vemdalen, preaspiration seems to 
play a role for the distinction between the two words /di:t/ 
and /dit/. In both cases, the vowel /i/ often lacks both 
salient length and spectral distinctions (see Tables 1, 2 and 
3). Furthermore, there is no difference in consonant 
duration in Vemdalen. Consequently, a manipulation of 
only the preaspiration towards the other target word leads 
to changes in perception in some cases (see Table 4b, 5b). 
As the three speakers in Vemdalen differed concerning the 
realisation of the /i:/-/i/ length contrast, we compared the 
results for these speakers separately. For speaker three, 
who produced a clear durational difference between /i:/ 
and /i/, the manipulation only led to a categorical change in 
one single case, whereas looking at speakers one and two 
who showed less distinct durational difference between the 
two vowels, the manipulation changed the perception of 
the word in 50% of the cases. For /ta:k/ vs. /tak:/, the 
situation is different. In Arjeplog (Table 4a) the 
manipulations did not have any impact at all on the
judgments. A possible explanation for this could be the 
great spectral difference between the two vowels. In 
Vemdalen (Table 5a), the manipulation of the preaspiration 
led to changes in perception in some cases. This could in 
turned be explained by the fact that the difference between 
the long and short vowel is primarily marked by length 
(Table 2), while the qualities are virtually the same (Table 
3).  

As for the inter-dialectal judgments, Arjeplog listeners 
judged the original /tak:/ in Vemdalen as being /ta:k/ in 
78% of the cases. Vemdalen listeners, on the other hand, 
judged the original /di:t/ stimuli in Arjeplog as being /dit:/ 
in 67% of the cases. This is what should be expected if 
judgments were influenced by the speakers’ own 
preaspiration patterns. 

4 CONCLUSIONS 

Preaspiration seems to be a cue for distinctive contrasts in 
both areas. However, its impact seems to be rather weak. 
None of our manipulations lead to a change of the majority 
of judgments towards the target word. A possible 
interpretation when linking duration and spectral data with 
the results of the perception study is that spectral 
differences exploit a great impact on judgment, while 
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and consonant durational cues seem to ‘compete’ 
reaspiration, concerning cue strength. Summarizing, 
e observed two dialects in which preaspiration plays 
for quantity distinctions, a role which, as far as we 
e, has caught little, if any, attention up till now. 
both dialects employ preaspiration for distinguishing 
n V:C and VC: sequences, although the dialects use 
different strategies to achieve this goal. The
sions to be drawn from the data presented here is 
antity distinctions and the complementary V:C and 
atterns in Swedish are not brought about by 
nal characteristics of the vowel and consonant only. 
ve demonstrated that also preaspiration may play a 
 this respect. Thus, preaspiration can be added to the 
f features contributing to the realization of
logical length in Swedish. 
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