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Abstract 
The phonological notions of vowel quantity and vowel quality are acoustically 
realized in the duration and spectral characteristics of a vowel. This study 
examines acoustic attributes of six Norwegian vowels, /i, i:, 0, 0:, A, k/ and 
addresses the extent to which vowel quantity and quality each affect vowel dura- 
tion and thefirst two formant frequencies of the vowels. Results suggest that while 
vowel quality afects both spectral characteristics and the duration of a vowel, 
vowel quantity afects vowel duration without necessarily afecting the vowel 
spectrum in Norwegian. 

Introduction 
In the sound systems of many languages, vow- 
els can be characterized by their contrastive use 
of vowel quality and quantity. Vowel quality 
refers to the relative phonological resonance or 
timbre of a sound, whereas vowel quantity 
refers to the phonologically distinctive length of 
a vowel relative to one or more vowels of simi- 
lar quality in the language. 

Acoustically, vowel quality is primarily cor- 
related with the first and second formant fre- 
quencies of the vowel spectrum, based gener- 
ally on the length of the pharyngeal-oral tract, 
the position of a constriction and the degree of 
constriction (e.g., Stevens & House 1955). In 
addition, vowel qualities may differ in their 
inherent duration (e.g., Peterson & Lehiste, 
1960), For example, a vowel quality involving a 
more extreme articulation may require more 
time if it is fully realized and consequently be 
longer in duration. 

A distinction in vowel quantity is generally 
realized acoustically by the duration of a vowel, 
with a phonologically long vowel having a 
duration which extends over more time than a 
phonologically short vowel. In addition, the 
greater amount of time associated with a pho- 
nologically long vowel may also be associated 
with an articulation using greater extremes of 
the vocal space than phonologically short vow- 
els, and consequently may also affect the vowel 
spectrum. 

The vowel system of Norwegian has tradi- 
tionally been described as having a phonologi- 
cal distinction between short (e.g., /A/ in 1tAk.l 
takk "thanks") and long vowels (e.g., /A:/ in 

/tA:k/ tak "hold"). Accompanying this vowel 
length distinction is a difference in postvocalic 
consonant length such that, in a closed syllable, 
a phonologically long vowel tends to be 
followed by a short consonant, and a phono- 
logically short vowel typically is followed by a 
long consonant. 

Fintoft (1960) examined the duration of 
vowel pairs, differing in vowel quantity, in iso- 
lated Norwegian words. He compared the dura- 
tions of the vowels in vowel-consonant 
sequences and demonstrated that vowel dura- 
tion is indeed longer before perceptually short 
consonants than long consonants in Norwegian. 
However, Fintoft did not investigate the effects 
of vowel quality on vowel duration or whether 
spectral characteristics of the vowels were also 
affected by vowel quantity. 

The goal of this study is to investigate the 
effects of vowel quantity on the duration and 
spectral characteristics of vowels in Norwegian. 
To this end, this study will examine whether 
vowel quantity and quality each affect vowel 
duration and the first and second formant fre- 
quencies of vowels. 

Method 

Subjects 
The subjects were 12 native speakers of Norwe- 
gian (6 females and 6 males) between 20 and 30 
years old with no history of speech or hearing 
impairment. All the participants considered the 
Norwegian dialect spoken around Trprndelag to 
be their principle dialect. 
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Table I. Target words used. 

Table 2. Sample dialogue using the target word 
"Skjdk ". 

Stimuli 

Target Words 
The 12 target words presented in Table 1 were 
used. All of the target words were real, Norwe- 
gian CVCs and contained one of six vowels 
(/i,O,A, i:,O:,A:/) followed by either /k/ or /g/. 
The syllable initial consonant was either a stop 
or a fricative, /t,d,p,s,-,h/. 

Dialogues 
Dialogues, such as the one illustrated in Table 
2, were developed for each target word. Each 
dialogue consisted of a question and a response 
containing the target word. For each target word 
was used in a set of four dialogues which were 
balanced to include the target word as focused 
and nonfocused in both initial and final sen- 
tence position. 

Procedure 
Recordings were made of each subject partici- 
pating in the full set of dialogues with an 
experimenter in a sound attenuated room. Like 
the subjects, the experimenter was a native 
speaker of the Trandelag dialect. For each dia- 
logue the experimenter asked the question and 
the subject read the response. Subjects were 
encouraged to speak at their usual speaking rate 
as if participating in a natural conversation. 

0 50 100 150 200 250 
Segment Duration (ms) 

Figure I .  Mean durations for the six vowel con- 
ditions investigated and the corresponding post- 
vocalic consonant, C. 

Measurements 
Four measurements were made within each tar- 
get syllable from subjects' responses in the 
dialogues: Vowel duration was measured from 
the onset to the end of the periodic energy. The 
closure duration of the postvocalic stop was 
measured from the start of the closure to the 
beginning of the release. And, the first (Fl) and 
second (F2) formant frequencies of each vowel 
were measured at the center of the vowel's most 
evident target steady state. 

Results and Discussion 
For each measure, a two-way analysis of vari- 
ance was calculated with vowel quantity (short 
versus long) and vowel quality (/il-/i:/ versus 
/A/-/A:/ versus 101-lo:/) as independent vari- 
ables. 

For the first and second formant frequency 
measures, separate analyses of variance were 
calculated for male and female subjects. 

Statistical differences with a probability 
less than five percent were accepted as reliable. 

No interaction between vowel quantity and 
vowel quality was observed for any of the 
duration or formant frequency measures. 

Segment Durations 
Effects of vowel quantity and vowel quality on 
the vowel and postvocalic consonant durations 
are summarized in Figure 1. 

Vowel quantity 
As Figure 1 illustrates, the duration of phonol- 
ogically long vowels is longer than the 
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duration of phonologically short vowels Table 3. F-statistics and percentages for vowel 
[F(1,570)=476.07, p<.0001]. In addition, post- and postvocalic consonant durations based on 
vocalic consonants (C)  are shorter following contrasts between /i/ versus A:/, A / versus 
phonologically long vowels than following /A::/, and /O /versus /O:L 
phonologically short vowels [F(1,570)=80.17, - - - 

p<.0001]. As the results in Table 3 demonstrate, 
this pattern of relative inverse duration between 
the vowel and postvocalic consonant was reli- 
able for each of the three investigated vowel 
quality pairs, and this was reliably observed in 
mean vowel and consonant durations for each 
of the twelve speakers. 

These results are consistent with earlier 
results for Norwegian (Fintoft, 1970) and find- 
ings for related languages such as Swedish 
(e.g., Elert 1964). 

Vowel Quality Table 4. F-statistics and percentages for F l  and 
Vowel duration was also affected by vowel F2 based on contrasts between short and long 
quality [F(1,570)=11.30 p<.001]. As is illus- vowels for /i/ versus A:/, /A/ versus /A::/, and /O/ 
trated in Figure 1, the mean duration of /A/ is versus /O:/ produced by female and male 
reliably longer than /il [F(l, 190)=5.06 p=.0248] subjects. Nonsignijicant contrasts are indicated 
and 101 [F(1,190)=4.939, p=.0266], but no by "n.~.". 
difference was found between /i/ and 101 
[F(l, 190)=0.001, p=.9734]. Similarly among 
the phonologically long vowels, the mean dura- 
tion of /A:/ is longer than both /i:/ [F(1,190)= 
=9.96, p=.0017] and lo:/ [F(1,190)=15.55, 
p<.0001], but no difference was observed be 
tween /i:/ and lo:/ [F(1,190)=0.64, p<.4259]. 

These findings suggest that, independent of 
vowel quality, the vowels /A/ and /A:/ may be 
inherently longer than /i, 01 and Ii:, 0:/ respec- 
tively, possibly because relatively more time 
could be required for the greater jaw movement 
needed to realize the low-back vowels. An in- 
vestigation of the articulatory gestures involved 
in the production of these vowels would be 
needed to address this point in more detail. 

F( 1,190) 

/i/ vs /i:/ 

/ ~ / m /  
A :  

/ o / m  
lo:/ 

Figure 2. Mean first and second formant fre- 
quencies for the female subjects' productions of 
the six vowel conditions investigated. 

Figure 3. Mean first and second formant fre- 
quencies for the male subjects' productions of 
the six vowel conditions investigated. 

Duration 

Vowel 

F=158.14 
p<.ooo1 
Fz181.40, 
p<.OOOl 

F=138.02, 
p<.OOOl 

Postvocalic 
Consonant 

F=14.19 
p<.0002 
F=40.85 
p<.oOol 

F=28.63, 
p<.ooo 1 
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Formant frequencies 
Mean formant frequencies for each of the vowel 
conditions produced by the female and male 
speakers are presented in Figures 2 and 3 
respectively. 

Vowel Quality 
As Figures 2 and 3 show, both F1 and F2 
differred systematically in the expected manner 
across the three vowel qualities examined. As 
expected, the front oral constriction of /i/ and 
/i:/ results in a relatively low F1 and high F2 
frequencies for both female and male subjects. 
The pharyngeal and back oral constriction of /A/ 
and /A:/ lead to relatively high mean F1 fre- 
quencies and low mean F2 frequencies for male 
and female subjects. In addition, corresponding 
with the lip-rounding and back oral constriction, 
the expected relatively intermediate F1 and low 
F2 frequencies were observed for 101 and lo:/. 

Vowel Quantity 
As Figures 2 and 3 illustrate, no reliable differ- 
ence in F1 or F2 frequencies was observed 
between phonologically long and short vowels 
for either female [F~1(1, 285)=0,29, n.s.; F~2(1, 
285)=0.27, n.s.1 or male subjects [ F ~ l ( l ,  
285)=2.38, n.s.; F~2(1 ,  285)=0.48, n.s.1. Table 4 
summarizes the F1 and F2 frequency results for 
female and male subjects' productions of the six 
vowels. For both female and male subjects no 
difference in mean F1 or F2 frequencies was 
observed between phonologically long and 
short vowels for any of the three vowel qualities 
investigated. 

Across the twelve subjects' productions of 
the six vowel conditions, the data very regularly 
demonstrated no difference in F1 or F2 due to 
vowel quantity. However, several instances 
suggest that vowel quantity might affect F1 and 
F2. For one male subject the mean F1 frequency 
was reliably higher for /iJ than for /i:/ [E=78 
Hz] and for another male subject the mean F2 
frequency was reliably lower for /it than for /i:/ 
[K=186 Hz]. One female subject's mean F1 was 
higher for /A/ than for /A:/ [A3=88 Hz] and for 
the same subject the mean F1 was higher for 101 
than for lo:/ [&=I 16 Hz]. These cases suggest 
that some phonologically long vowels may be 
produced with a more extreme articulation than 
phonologically short vowels by some speakers. 
Notably, there were also instances of 
phonologically short vowels being produced 
with spectral characteristics suggesting a more 
extreme articulation than for corresponding 

phonologically long vowels. For one female 
subject the mean F1 was lower for 101 than for 
lo:/ [E=68 Hz] and for another female subject 
the mean F2 was lower for 101 than for lo:/ 
[E=173 Hz]. These differences may be due to 
other factors, such as focus or sentence position, 
which have been included and controlled in the 
current project, but have not yet been analyzed. 
Nevertheless, the limited occurrence of these 
variations suggests that the basic pattern of 
results is relatively robust. 

Overall, the results show that spectral char- 
acteristics are not generally affected by vowel 
quality in this dialect of Norwegian. 

Conclusions 
The results offer a preliminary view of the role 
of vowel duration and the first and second for- 
mant frequencies in cueing vowel quantity and 
vowel quality in Norwegian. They suggest that, 
as expected, vowel quality generally affects the 
first and second formant frequencies of a vowel 
and that inherent differences in articulatory 
timing may also affect vowel duration. How- 
ever, based on the Norwegian vowels ad- 
dressed, vowel quantity was found to affect 
vowel duration without necessarily affecting the 
vowel's spectral characteristics. The extent to 
which this acoustic information is used percep- 
tually is currently being addressed in a further 
investigation. However, based on the current 
findings, Norwegian appears to use vowel 
duration as the primary acoustic means of dis- 
tinguishing phonologically short and long vow- 
els. 
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