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ABSTRACT

Some differences in speech perception by native and non-
native listeners can be accounted for as transference from
a native language. Others appear to result from universal
preferences, such as duration. In the case of L2 vowel
perception, duration may be used to categorize vowels
when, from a non-native listener´s perspective, inadequate
spectral cues are available. The perception of Norwegian
vowel quantity by American English listeners is a testing
ground for the transference and desensitization
hypotheses. Results are presented for native Norwegian
and American English listeners´ responses to an
identification task in which vowel duration and spectra of
Norwegian vowels are adjusted. Findings support the
desensitization hypothesis and suggest that vowel duration
may override an influence of native language transference.

1. BACKGROUND

Native language (L1) has been widely found to influence
the perception of a second language (L2) (e.g., [1]).
Among other aspects of language, transference from L1 to
L2 applies to the L2 sound system and the categorization
strategies used to evaluate perceptual cues in the
identification of speech sounds.

Whereas some differences in speech perception between
native and non-native listeners can be accounted for as
transference from a native language, other differences
appear to result from universal preferences (e.g., [2]).
Bohn [3] argues, more specifically, that non-native
perceivers will prefer using some acoustic cues, such as
duration, independent of whether they are used in a
perceiver´s native language. In the case of second
language (L2) vowel perception, duration may be used to
categorize vowels when, from a non-native listener´s
perspective, inadequate spectral cues are available.

A testing ground for these accounts is found in the sound
systems of American English and Norwegian which have
phonetically similar sounds which are qualitative contrasts
in American English and quantitative contrasts in
Norwegian. This is done in the current study by examining
the extent to which native American English L2 learners
of Norwegian use vowel duration and spectra as
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tual cues to Norwegian vowel quantity. Based on
ransference hypothesis, American learners of
egian would be expected to perceive Norwegian
l quantity based on phonological distinctions in
ican English; in particular, their extensive experience
 F1 and F2 to distinguish vowels in American
h is expected to carry over to the relatively new task
tinguishing vowel quantities in Norwegian. On the
hand, Bohn´s [3] desensitization hypothesis would
t that, given the smaller spectral differences among

ls in Norwegian than in American English, an
ican English native would not easily perceive
al differences in Norwegian vowels and would use
on rather than spectra to identify Norwegian vowels.

2. METHOD

TERIALS

of six /kVt/ words were used as targets. Each word
honotactically possible in Norwegian and contained
f the vowels [i˘, i, o˘, ç, A˘, a], resulting in three
pairs with vowel quantity oppositions. Audio
ings were made of six male and six female young
native speakers of the Trønder dialect (spoken in
heim and the surrounding regions) randomly
cing the six target words within a short dialogue
lled for sentence position and focus.

ch word, measurements were made of F1, F2 and F3
wel duration and closure duration of the postvocalic

. For each of the five measures from the six target
, mean values across subjects were calculated. A
e speaker’s productions best corresponded to the
values for the target words and were used as the
for resynthesis, referred to below as selected

ctions.

Kay Elemetrics LPC Parameter Manipulation
esis program was used to resynthesis three sets of

li based on measurements from the three pairs of
ed productions. For each pair, formant frequencies
owel durations of the selected items were used as the
oints of a 5x5 synthesis continuum. Synthesis was
d out starting from the long quantity of a pair and
ing the vowel duration in five equal steps and for all
se, F1 and F2 was adjusted in five equal steps. This
d in 25 resynthesized items for each word pair.



Figure 1: Percent long responses by native Norwegian listeners for the five duration steps and five spectral steps.

Figure 2: Percent long responses by American English listeners for the five duration steps and five spectral steps.
Since little difference was observed between the measured
F3 frequency of long and short vowel quantities in the
productions, the frequency of F3 and higher formants was
unchanged in the synthesized items, and consequently was
the same as the long vowel quantity of each pair.

Postvocalic consonant duration generally decreases as
vowel duration increases in Norwegian (e.g. [6], [5]). For
each word pair the closure durations of /t/ from the
selected productions were used to calculate an
intermediate duration for /t/. The /t/ closure duration of the
25 items in each set was adjusted to this value. Vowel
durations, formant frequencies, step sizes and the closure
durations of postvocalic /t/ are summarized in Table 1

SpectrumWord pairs
F1(Hz) F2(Hz)

Vowel
duration

/t/ closure
duration

kit Step 1 367 2598 129
↑ Step size 3 -16

ki:t Step 5 2609 65
100

kçt Step 1 563 1023 183
↑ Step size 6 78 -28

ko:t Step 5 587 1336 72
127

kat Step 1 858 1327 161
↑ Step size -20 11 -22

kA:t Step 5 777 1370 73
100

Table 1: Parameter settings of the vowel and postvocalic
/t/ for the three sets of resynthesized words.

2.2 IDENTIFICATION TASK

Two groups of young adult listeners participated in the
study: 10 native listeners of American English (6 male, 4
female), and 10 native Norwegian listeners (5 male, 5
female). All of the American English participants had
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 intensive Norwegian courses in the USA (8
rs) or Norway (2 listeners), and had lived in Norway

two years. All listeners from both groups were living
ndheim, at the time of the study.

g the experiment listeners were seated at a computer
al with a monitor and mouse in a sound attenuated
 Before starting the experiment, participants had
practice trials. For each trial listeners heard a

esized word over a loud speaker and, at the same
two response words were presented on the monitor.
nse words differed in vowel quantity, but contained
ame vowel quality and the same postvocalic
nant as the word heard over the headphones.
ipants were instructed to use the mouse to click on
sponse word which rhymed with the word they heard
espond as quickly as possibly. Listeners in both
s responded to 225 randomized items (3 repetitions x
el series x 25 items). Responses and reaction times
ch trial were logged to a data file. Responding to the
se word with a long vowel quantity will be referred

ong responses.

2. RESULTS

nses and reaction times from Norwegian and
ican English listeners were analyzed separately for
ree sets of synthesized words. Only the responses
e discussed here. For each group of listeners’ !
ses, a two-way analysis of variance was calculated

duration steps and spectral steps as independent
les for each word set.



An overview of results for the full set of materials for each
word pair are presented for native Norwegian listeners in
Figure 1. The corresponding results for the American
English listeners are presented in Figure 2. The mean
percent long responses for the 5 duration steps and 5
spectral steps are shown in Figure 3 for the three sets of
synthesized words.
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Figure 3: Percent long responses for native Norwegian
listeners (solid lines) and American English listeners

(dotted lines) plotted for duration steps (filled circles) and
spectral steps (open circles).

3.1 VOWEL DURATION

The mean percent long responses in Figure 3 show
relatively clear s-curves across the 5 duration steps (solid
lines) of the three word sets, both for Norwegian (filled
circles) and American English listeners (open circles).
Results show reliable effects of vowel duration on
responses in all cases (Norwegian listeners [i:]-[i] [F
(4,225)=174.43, p<.0001], [o:]-[ç] [F(4,225)=233.04,
p<.0001], [A˘]-[a] [F(4,225)=288.97, p<.0001]; American
English listeners [i:]-[i] [F(4,225)=25.32, p<.0001], [o:]-
[ç] [F (4,225) = 47.83, p<.0001], [A˘]-[a] [F(4,225)
=42.88, p<.0001]). These findings reflect a general use of
vowel duration to categorize vowel quantities across word
sets by both groups of listeners.

Notable differences are however present between
responses from the native and non-native listeners, in
particular the more evident s-curve for Norwegian
listeners responses. For all three word pairs native
listeners show a clear bias toward long vowel quantity
responses, evident from the sharp increase in percent long
responses between duration steps 1 and 3, and the 50%
category crossover occurring between duration steps 2 and
3. The materials were expected to slightly skew perception
toward a long response since the resynthesis was done
starting from the word with a long vowel quantity in each
set, and retaining the higher formant frequencies of the
long vowel. Although native listeners´ percent long
responses did not in all cases reach 0% for short vowels at
step 1, native listeners attained 100% percent long
responses for long vowel quantities in all word pairs.

This differs from the American English listeners’
responses which had slightly flatter response curves
across the five duration steps. For none of the word
pairs did American English listeners have a clear
percept of either short or long vowel quantities based
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ons were needed for American English listeners
ceive a long vowel quantity than was the case for
ative listeners, evident from the 50% crossover
ring near duration step 3. The American English
ers had a particularly difficult time identifying [i:]
 on duration, with percent long responses only
ing 68% at duration step 5. Non-native responses
most similar to the native listeners responses for
a] in terms of 50% crossover point and the

ntage of short and long vowel quantities perceived
 the duration steps.

WEL SPECTRA

 1 shows percent long responses for spectral steps
d lines) by Norwegian listeners (filled circles) and

ican English listeners (open circles). As is illustrated
 figure, responses differ much less across spectral
than was observed for duration steps, giving little
tion that either native or nonnative listeners made
 vowel spectra to identify vowel quantity.

e Norwegian listeners spectral adjustments had no
 on responses for [i:]-[i] [F(4,225)=0,440, n.s.] or for
] [F(4,225)=1.095, n.s.]. The same basic pattern of
 is found for the American English listeners, with no

le effect of spectral steps on responses for [i:]-[i]
25)=0.677, n.s.] or for [o:]-[ç] [F(4,225)=0.199,
Responses do however differ between the listener
s, with native listeners giving a higher percentage of
esponses than the non-native listeners for both [i:]-
% versus 44%) and [o:]-[ç] (69% versus 57%). This
sistent with the pattern seen for duration steps,
y that native listeners’ perception of the materials
kewed toward long responses, likely due to possible
ents from the long vowel quantities from which the
ials were developed. Also, as was seen across
on steps, the American English listeners particularly
 to perceive the [i:]-[i] materials as short quantities.

erent pattern of results emerged for the [A˘]-[a] word
s is illustrated in Figures 1 and 3, adjustments in
 spectra had a reliable effect on Norwegian listeners’
nses differed across spectral steps for [A˘]-[a]
25)=3,196, p<.0141]. Whereas their responses
 spectral steps 1-3 appear little affected by the
ments in F1 and F2, items at spectral steps 4-5
d a slightly higher percentage of [a] responses, but
idence that spectra alone could be actively used to
rize [A˘] and [a]. The use of spectral cues for [A˘]-

s not so surprising given the relatively large
nce in F1 and F2 between [A˘] and [a], compared
[i:]-[i] and [o:]-[ç]. From Figure 1 we also see a
interaction between duration steps and spectral steps
rwegian listeners’ responses for [A˘]-[a] [F(16,225)

, p<.0313]. In contrast, American English listeners’ !
nses showed no indication that vowel spectra was
o identify [A˘] or [a] [F(4,225)=0.356, n.s.].



4. DISCUSSION

American English listeners are known to use formant
frequency, in particular the first two formants, to identify
vowels in their native language (e.g., [7]). Although
vowels differ in duration in American English, native
listeners do not usually use this dimension of the acoustic
signal in vowel identification. Bohn [3], for example,
demonstrates, that for English listeners 88% of beat-bit
distinctions are explained by spectral differences, whereas
only 9% are accounted for by duration.  As such,
American English natives learning Norwegian vowel
contrasts are faced with the task of partially abandoning
their L1 strategy of categorizing vowels based on spectral
differences, and learning to use vowel duration, an
acoustic cue not as readily used in their L1.

One possible explanation for American English listeners’
results comes from standard L2 teaching methods. As
Norwegian-learners, they have likely been taught that
Norwegian vowel quantities are distinguished by “length”.
Consequently, American English natives may attempt to
use this information more than they presumably would for
English vowel distinctions. This is a standard teaching
practice in Norway, but not necessarily in the US where
the majority of American English listeners formally
studied Norwegian.

In the context of Bohn´s desensitization hypothesis [3], a
relevant question is how vowel spectra in Norwegian
compare to those in American English. Spectral
measurements for tense/lax vowel pairs in American
English and vowel pairs differing in quantity in
Norwegian show that differences in both F1 and F2 were
generally larger in American English than in Norwegian
[7]. This suggests that, from the perspective of American
English natives listening to Norwegian, the Norwegian
vowels have relatively little spectral difference, making it
difficult for the listeners to extract the formant information
they need to categorize them. According to the
desensitization hypothesis, American English natives
learning Norwegian would, consequently, be expected to
attend to duration cues rather than spectral cues in
Norwegian.

Results show that the American English listeners used
duration to identify vowel quantity for all three word sets,
although with less proficiency than native listeners.
However, whereas the nonnative listeners only used vowel
duration to identify [A˘]-[a] items, Norwegian natives also
used spectral cues. Although the spectral differences
between Norwegian [A˘]  and [a] are relatively large
compared to other Norwegian vowel pairs (see e.g., Table
1), they are relatively small compared to differences
among American English vowels. For example, using the
same elicitation procedures as described in this study,
Nylund [7] found that American English [A] in “cot”
differed from [ç] in “caught” by an average of 85Hz for
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d 137Hz for F2. As is shown in Table 1, for
egian [A˘]-[a] the mean F1 differs by 119Hz,
as F2 only differs by 43Hz.  These means reflect F1
2 measures from 10 speakers productions, suggesting
e differences in vowel spectra, perhaps in particular
ay not have been adequately perceptible for the

ican English listeners. These findings support the
sitization hypothesis and further suggest that vowel
on may counteract transference from a native
ge.

5. CONCLUSIONS

mmary, American English natives learning
egian bypass L1 transference and use vowel duration
primary cue for identifying Norwegian vowel
ty. Teaching methods presenting vowel quantity as
h" may account for this, and further investigation
a variety of perceptual conditions may, or may not,
his out. The findings presented here also support
s [3] desensitization hypothesis under a relatively
l context for evaluation, and suggest that vowel

on, possibly as a universally preferred acoustic cue,
verride the influence of a native language.
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