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Abstract
In native speech, durational patterns convey linguistically relevant phenomena such as phrase structure, lexical stress, rhythm, and word boundaries.
The lower intelligibility of non-native speech may be partly due to its deviant
durational patterns. The present study aims to quantify the relative contributions of non-native durational patterns and of non-native speech sounds to
intelligibility. In a Speech Reception Threshold study, duration patterns were
transplanted between native and non-native versions of Dutch sentences. Results for non-transplanted, original versions show that intelligibility thresholds (critical speech-to-noise ratios) differed by about 4 dB between native
and non-native versions. Results for manipulated versions with transplanted
durations indicate that about 0.4 to 1.1 dB of this difference was due to
the durational patterns, and that this contribution was larger if the native
and non-native patterns were more deviant. The remainder of the difference
must have been due to non-native speech sounds in these materials. This
finding supports recommendations to attend to durational patterns as well
as native-like speech sounds, when learning to speak a foreign language.
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1. Introduction
Many studies have attempted to relate the generally lower intelligibility of
non-native (L2) speech to its phonetic characteristics. Among other factors,
intelligibility has been found to depend on segmental errors (e.g. AndersonHsieh, Johnson, and Koehler, 1992; Derwing and Munro, 1997), intonation
(e.g. Anderson-Hsieh et al., 1992; Chun, 2002; Holm, 2008), and rhythmic
and durational patterns (Tajima, Port, and Dalby, 1997; Mareüil and VieruDimulescu, 2006; Holm, 2008). Methodological difficulties have prevented
researchers from evaluating the relative contributions of these characteristics
(for discussions, see e.g. Rajadurai, 2007; Holm, 2008). The aim of the present
study is to overcome these difficulties by employing the Speech Reception
Threshold method (SRT, Plomp and Mimpen, 1979), and to quantify the
relative contributions of segmental errors and of durational patterns to L2
intelligibility.
Durational patterns are of particular importance for L2 intelligibility, because they convey many linguistic distinctions in spoken languages such as
English and Dutch (for overviews, see Klatt, 1976; Van Santen, 1994; Nooteboom, 1997). Segmental durations may cue the distinction between voiced
and voiceless consonants (see Slis and Cohen, 1969), as well as the location
of word boundaries in the continuous stream of speech sounds (Quené, 1992;
Shatzman and McQueen, 2006). Durations also indicate phrase boundaries
(Klatt, 1976; Van Santen, 1994) and lexical and phrasal stress (Eefting and
Nooteboom, 1993; Sluijter and Van Heuven, 1995). The rhythm conveyed by
stressed and unstressed syllables plays an important role in word recognition
and word segmentation (for reviews, see Cutler, Dahan, and van Donselaar,
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1997; Goetry and Kolinsky, 2000; Quené and Port, 2005; Patel, 2008), at
least in English and Dutch.
Languages differ in their native durational patterns. Some languages
have a contrast between phonologically long and short vowels (e.g. Finnish,
Dutch), whereas others do not (e.g. Spanish). In many languages, vowels
are longer before voiced than before voiceless consonants, but the magnitude
of this difference varies from large (e.g. English) to medium (e.g. French)
to very small (e.g. Arabic; Flege and Port, 1981; Laeufer, 1992). These native durational patterns are assumed to carry over to L2 realizations, yielding
timing patterns in L2 that deviate from native patterns. Indeed, many crosslinguistic studies confirm that durational patterns in L2 differ from native
norms (e.g. Adams, 1979; Flege, 1993; White and Mattys, 2007a; Bent, Bradlow, and Smith, 2008).
Deviant durational patterns are indeed detrimental to speech intelligibility, as shown by a few prosody-transplantation studies involving deaf
speech (Maassen and Povel, 1984) and non-native speech (Tajima et al.,
1997; Mareüil and Vieru-Dimulescu, 2006; Holm, 2008). These studies show
a positive effect of native-like durational patterns on the accuracy of listeners’ responses, but the relative perceptual contributions by the native-like
speech segments and by native-like segmental duration patterns cannot be
assessed from the resulting accuracy percentages. To illustrate, let us consider a fictitious experiment, yielding average accuracy percentages of 98%
(condition I: native segments, native durations), 88% (II: native segments,
non-native durations), and 68% (III: non-native segments, non-native durations). Comparing differences in these percentages (I-II: 10% difference;
II-III: 20% difference, i.e., twice as large) is misleading, because an arcsine
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transformation of the percentages is required (Studebaker, 1985)1 . After arcsine transformation, comparing differences in arcsine units (I-II: 0.29 arcsine
units; II-III: 0.33 arcsine units) more appropriately suggests that both effects
are approximately equally important for intelligibility. Similar problems arise
when comparing accuracy percentages across studies.
The aim of the present study is to assess the relative contribution of native
vs non-native durational patterns to intelligibility, relative to the native vs
non-native speech sounds. Hence the nativeness of the speaker (L1 Dutch vs
L2 Dutch) and of the durational patterns (L1 Dutch vs L2 Dutch) will be
varied independently, yielding the following 2 × 2 conditions:
S1D1 Native L1 Dutch speaker (S1) with original, native L1 duration patterns
(D1)
S1D2 Native L1 Dutch speaker (S1) with manipulated, non-native L2 duration patterns (D2)
S2D1 Non-native L2 Dutch speaker (S2) with manipulated L1 duration patterns (D1)
S2D2 Non-native L2 Dutch speaker (S2) with original, non-native L2 duration
patterns (D2)
(Note that the term “native” follows the perspective of the Dutch listeners
in the present study.)
The four conditions above correspond to three planned contrasts or predictions. Contrast A predicts that native speech from S1 yields higher intelligibility than non-native speech of S2, irrespective of the durational patterns;
1

Note that one should transform the underlying by-listener or by-item percentages, and

not by-condition average percentages as we do here.
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this trivial contrast captures the main effect of speaker nativeness on intelligibility (cf. e.g. Derwing and Munro, 1997; Tajima et al., 1997; Munro and
Derwing, 1999; Van Wijngaarden, 2001; Van Wijngaarden, Steeneken, and
Houtgast, 2002; Munro, 2008). Contrast B predicts that the intelligibility of
the L1 speech by S1 decreases if the durational patterns in the L1 speech
are similar to those in non-native L2 speech. Contrast C predicts that the
intelligibility of the L2 speech by S2 will increase if the durational patterns
in the L2 speech are similar to those in native L1 speech. This last contrast
concerns the potential gain in intelligibility by producing correct durational
patterns in one’s L2 speech.
Speech intelligibility will be quantified in this study by means of the
Speech Reception Threshold method (SRT, Plomp and Mimpen, 1979). Briefly,
this method returns the speech-to-noise ratio (SNR) at which 50% of a list
of 13 sentences is understood correctly. Lower values (i.e., lower SNR) indicate better intelligibility. Because each threshold is determined over a list
of multiple sentences, results may be generalized to other similar sentences,
and they may also be compared between conditions and between experiments
(Plomp, 1986). Previous studies using this SRT method (Van Wijngaarden,
2001; Van Wijngaarden et al., 2002) have found that the SRT values of native
and non-native speech differ by about 2 to 4 dB, depending on the speaker.
In other words, the SNR for native speech is about 3 dB lower (better) than
that for non-native speech, for native listeners. (For reference, an increase of
+3 dB in speech intensity corresponds to a reduction of the speaker–listener
√
or speaker–microphone distance by a factor of 1/ 2 ≈ 0.71, under idealized
conditions). In these studies, however, the effects of speaker nativeness and
durational pattern nativeness were not separated.
The present study, then, combines the two approaches discussed above.

5

It uses stimulus materials with speaker and duration patterns varied orthogonally (similar to studies by Maassen and Povel, 1984; Tajima et al., 1997;
Mareüil and Vieru-Dimulescu, 2006; Holm, 2008). The SRT method (Van
Wijngaarden, 2001; Van Wijngaarden et al., 2002) is used to assess and compare the relative contributions of these two factors.
Since the SRT method requires many sentence recordings (130, instead of
about 12), only one speaker was included for L1 Dutch and one speaker for
L2 Dutch in the present study, similar to the one by Tajima et al. 1997. Of
course, using a single L2 speaker (and a single L1-L2 language contrast) limits
the generalizability of this study. Ideally, one would include multiple speakers
from multiple languages (e.g., White and Mattys, 2007b; Holm, 2008). Other
L2 speakers may indeed show other deviations in their segmental errors and
in their durational patterns, and the effects of these two types of deviations
on intelligibility may also vary between speakers. Nevertheless, we regard
our results as relevant for our goals, for two reasons. First, the currently
selected L2 speaker has previously been judged as having a strong foreign
accent, and relatively poor intelligibility (Van Wijngaarden et al., 2002). Her
durational patterns (reported in section 2.1.2 below) deviate from L1 patterns
in some, but not all respects. Thus the present L2 speaker probably displays
both segmental and durational errors. Second, the lower number of speakers
(and the SRT method) allows us to include more sentence recordings, thus
increasing generalizability over sentences.
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2. Methods
2.1. Materials
2.1.1. Original recordings
The Dutch SRT method (Plomp and Mimpen, 1979) uses 10 lists of 13
sentences, carefully composed, containing 8 or 9 syllables, and describing everyday situations. Two example sentences are: De bal vloog over de schutting
“The ball flew over the fence”; Eindelijk kwam de trein op gang “Finally the
train started moving”. These native Dutch sentences had been read by a
female native speaker (S1) of Standard Dutch. These spoken sentences are
used as test materials in Dutch speech audiometry; these recordings were
kindly provided by Joost Festen (Vrije Universiteit, Amsterdam).
The same sentences of Plomp and Mimpen (1979) had been spoken in
Dutch by a female native speaker (S2) of Polish, and recorded and used
by Van Wijngaarden et al. (2002); these materials were kindly provided by
Sander van Wijngaarden (formerly at TNO, Soesterberg). The L2 speech
sounded fluent, but it had non-native intonation and duration patterns that
were indeed different from those in the L1 speech, as assessed by the authors
and one other expert. The intelligibility of this L2 speech was reported to be
sufficiently high, viz. near 100% correct at +15 dB SNR in a pre-test (Van
Wijngaarden, 2001), so that valid SRTs could be obtained.
2.1.2. Duration patterns
In order to further investigate whether and how duration patterns differed, we analyzed the durations of vowel segments, as vowels are more susceptible to durational effects than consonants are (Klatt, 1976; Nooteboom,
1997). Vowel durations in the realizations by S1 and S2 were taken from the
segmental intervals described below (N = 2×590 vowels). Durations of vowel
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segments were compared by means of mixed effects modeling (Quené and Van
den Bergh, 2004, 2008; Baayen, Davidson, and Bates, 2008). Speaker’s language (S1, S2), phonological vowel length (long, mid, short), sentence accent
(unaccented, accented), and sentence-final position (non-final, final2 ) were
included as 4 fixed effects; the 130 sentences were included as a random
effect. The results showed a significant main effect of final position. On average, final vowels were 15 ms longer than non-final vowels (p < .001); this
main effect did not interact with speaker’s language. The main effects of
phonological vowel length and accent, however, did interact with speaker’s
language, as illustrated in Fig. 1.
The segmental durations summarized in Fig. 1 show that speaker S2 produced smaller differences due to phonological vowel length than S1 did. The
phonologically long vowels of S2 are significantly shorter than those of S1
(p < .001). S1’s long vowels have longer durations than her phonologically
short vowels (p < .001), whereas this difference is not significant for S2. Secondly, speaker S1 produced significantly longer durations for accented long
vowels than for unaccented long vowels (p < .001), whereas this difference
was not significant for S2. As a result of these two differences, vowel durations of S1 have somewhat higher standard deviation (S1: ∆V = 0.050;
S2: ∆V = 0.037) and higher coefficient of variation (S1: VarcoV = 41.5; S2:
VarcoV = 38.3; e.g. White and Mattys, 2007a). These findings confirm that
duration patterns are indeed different between the two speakers included in
this study. The non-native speaker S2 produced phonologically long vowels
that are too short, and even more so if these long vowels are accented. Hence,
2

Syllables between and including the last accented syllable and the end of sentence were

marked as final (cf. Cambier-Langeveld, 2000, Ch.2); most sentences had an accented single
final syllable, and most of the unaccented final syllables contained schwa vowels.
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Figure 1: Boxplots of vowel durations (in ms), for the native (left) and non-native speaker
(right), broken down for phonologically long, mid and short vowels (horizontal axis) and
accented (gray) and unaccented (white) vowels (with final and non-final vowels pooled).
Box width corresponds with number of observations; box notches correspond with approx-
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both phonological vowel length and sentence accent are indicated less clearly
in the L2 speech used in this study, as compared to the matching L1 speech.
2.1.3. Manipulations
The purpose of the phonetic manipulations was to exchange the patterns
of segmental durations between the native and non-native realizations of
each test sentence. In addition, differences in tempo (speaking rate) and in
pitch contours were removed, because these might act as confounds in the
intelligibility comparisons. All analyses and manipulations were performed
by means of Praat software (Boersma and Weenink, 2008).
In step 1, the matching S1 and S2 versions of each sentence were segmented into the same number of intervals, by means of visual and auditory
feedback, using criteria derived from Peterson and Lehiste (1960) and Klatt
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(1976). Each speech sound and silent pause was marked as a separate interval. If adjacent sounds were strongly coarticulated and difficult to segment,
then these were considered as a single interval in both of corresponding S1
and S2 realizations; approx. 10% of the resulting intervals contained multiple
segments.
In step 2, the speaking rate was equalized among the two versions, by
means of PSOLA manipulation as implemented in Praat (Moulines and Charpentier, 1990; Boersma and Weenink, 2008). This yielded an intermediate
duration for both versions of a test sentence, while the durational pattern
was preserved: the relative durations of the intervals were unaltered.
Step 3 was only required for the conditions with durational manipulation
(S1D2 and S2D1), and not for the other conditions (S1D1 and S2D2). In
this step, each interval in one version of a test sentence was lengthened or
shortened to match the duration of the corresponding interval in the other
version of that sentence. Manipulation was again done by means of PSOLA.
In a few cases, intervals had to be lengthened by more than a factor of two,
which yielded unnatural speech containing chirp or whistle sounds (Moulines
and Charpentier, 1990). These few cases were corrected by hand, mostly by
adjusting the target pitch values.
In step 4, the pitch contours of the S1 sentences were stylized (with occasional manual correction of pitch detection errors). This stylized pitch
contour was also used to replace the pitch contours of the matching S2 sentences. Finally, all test sentences were set at a mean intensity level of 70 dB
(SPL) and resampled to 44.1 kHz.
2.1.4. Masking noise
The masking noise used in the SRT method had a spectrum similar to
the masked speech. The two female speakers in this study yielded slightly
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different long-term average spectra; in order to avoid varying speech–noise
interaction as a possible confound, separate noise maskers were used for each
list by each speaker in each condition. To this end, the long-term average
speech spectrum was determined for each combination of list, speaker and
condition. The resulting spectrum was used to filter a white noise signal,
yielding a masker noise signal matching the masked speech. The average
spectra of the masking noise are indeed slightly different for the two speakers
S1 and S2, as illustrated by the spectra for the two conditions with unmanipulated durations (S1D1 and S2D2) in Figure 2.
2.2. Participants and procedure
A total of 40 native Dutch listeners (3 male, 37 female; ages 18 to 28) listened to the test sentences. All participants had self-reported normal hearing
and no speech or language disorder, and no passive or active knowlegde of
Polish (since few Polish speakers learn Dutch, it was assumed that listeners
had not been previously exposed to Polish-accented L2 Dutch). Participants
were recruited from a volunteer subjects pool at Utrecht University; they
enrolled voluntarily and received e5 for their participation.
Participants were seated in a sound-attenuated booth wearing closed
headphones. Each participant was instructed to repeat the Dutch sentences
as perceived, with clear pronunciation. The experimenter decided immediately whether the spoken response was correct. (If the experimenter was in
doubt, the participant was asked to repeat the last response. Minor deviations in unaccented words (e.g. werd “became” reported as wordt “becomes”)
were accepted as correct, but all accented words had to be repeated correctly.
Listeners first responded to two practice lists with unmanipulated durations, with native speaker (S1D1) and non-native speaker (S2D2). The other
8 lists were used for data collection, with 2 lists per condition. Lists and
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conditions were rotated over participants; the order of lists (and conditions)
was randomized for each participant.
The speech-to-noise ratio (SNR) of the sentences was varied according to
the up-and-down strategy of Plomp and Mimpen (1979), also employed by
Van Wijngaarden (2001) and Van Wijngaarden et al. (2002). Adjustments
were done automatically after feedback from the experimenter about whether
the spoken response was correct or incorrect. (This feedback was not visible
for the participant.)
For each list, the first sentence started at −15 dB SNR, and it was presented repeatedly until the participant responded with the correct sentence.
The SNR of this first sentence was increased by +4 dB in the first and second presentation, and by +2 dB on each subsequent presentation, to quickly
approach the 50% threshold. Then each of the subsequent 12 sentences of
the list was presented once. If responded correctly, the SNR of the next sentence in the list was adjusted by −2 dB; if responded incorrectly, the SNR
was adjusted by +2 dB. After the last (13th) sentence, the SNR at which a
subsequent sentence in the list would have been presented was also recorded.
The 50% intelligibility threshold (SRT) for each presented list was obtained
by averaging the last 10 SNRs of the list, i.e. the SNR used in sentences 4
to 14 (although no 14th sentence was presented)3 .
2.3. Results
The resulting Speech Reception Thresholds for each of the 4 test conditions are summarized in Figure 3. The 4 test conditions correspond to 3
orthogonal contrasts matching the predictions above.
3

The sequence of 10 SNRs always contained multiple changes in the sign of the adjust-

ment, so that the obtained SRT closely approximates the listener’s intelligibility threshold.
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The first contrast (A) compares the native-speaker conditions (S1D1 and
S1D2) against the non-native-speaker conditions (S2D1 and S2D2). As predicted, this contrast yields a large difference of about 3 dB in SRT, as shown
in Figure 3. The second contrast (B) compares the two conditions with a
native speaker, viz. with original (S1D1) and manipulated (S1D2) durational
patterns. As predicted, the SRT increases (i.e., intelligibility decreases), by
about 1 dB, if the native L1 speech is manipulated to have non-native durational patterns.
The third contrast (C) is most relevant for L2 acquisition. Does intelligibility of non-native speech improve if the non-native speech has native-like
durational patterns? The third contrast compares the two conditions with
the non-native speaker, viz. with original (S2D2) and manipulated (S2D1)
durational patterns. The SRT decreases, by about −0.4 dB, if the non-native
L2 speech is manipulated to have native-like durational patterns.
These three effects, visible in Figure 3, were evaluated by means of mixedeffects modeling; this allows us to simultaneously include participants as
well as sentence lists as random effects (for details and references, see e.g.
Quené and Van den Bergh, 2004, 2008; Baayen et al., 2008), using the lme4
package in R (Bates, 2005; R Development Core Team, 2008). The full model
contains all three contrasts in the fixed part, here denoted as γA , γB and γC ,
respectively. The random part contains crossed effects of participants u0(j0)
and of sentence lists v0(0k) , as well as residual component ei(jk) :
Yi(jk) = γ0(00) + γA 0(00) L2 + γB 0(00) S1manip + γC 0(00) S2manip

(1)

+(u0(j0) + v0(0k) + ei(jk) )
Coefficients of this model were estimated using the full Maximum Likelihood
criterion, to allow comparisons with other models described below (Pinheiro
and Bates, 2000; Hox, 2002, Ch.3).
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The estimated coefficients of this full model (1) are reported in Table 1.
The fixed coefficients γA for contrast A and γB for contrast B are indeed
highly significant, as shown by their large magnitudes and by the large decrease in deviance (in comparison to the intercept-only or “empty” model;
see also Figure 3). The effect of contrast C (γC ), although relatively small, is
also significant. To assess this critical contrast C further, the full model (1)
containing this difference in thresholds was compared to a simpler model (2)
without this critical effect (Hox 2002, Ch.3; Faraway 2006).
Yi(jk) = γ0(00) + γA 0(00) L2 + γB 0(00) S1manip

(2)

+(u0(j0) + v0(0k) + ei(jk) )
This so-called Likelihood Ratio Test yielded a significant result [χ2 (1) =
4.08, p = .043], as listed in Table 1.
However, this Likelihood Ratio Test of significance is regarded as anticonservative (Pinheiro and Bates, 2000, §2.4.2), and the effect was therefore
further investigated by a test procedure recommended by Pinheiro and Bates
(2000, §2.4.1) and Faraway (2006, §8.2). For this test, responses were simulated with parametric bootstrapping under the simpler model (2). These
simulated responses were then analysed by the full model (1) and by the
simpler model (2), and outcomes were again compared with a Likelihood
Ratio Test. These steps were repeated 1000 times. A proportion of .047 (s.e.
0.007) of the resulting likelihood ratios, from responses simulated from the
simpler model, exceed the above-observed likelihood ratio of the full model.
This proportion of .047 may be regarded as an unbiased bootstrap estimate
of the p value of the critical contrast γC (Faraway, 2006, §8.2). In sum, the
critical third contrast has a small but significant effect on intelligibility, so
that speech reception thresholds of L2 speech are slightly lower (i.e., intelligibility is higher) if the duration patterns in the L2 speech are similar to
14

Table 1: Estimated parameters (with standard error of estimate in parentheses) of mixedeffects modeling with participants and sentence lists as two crossed random effects.

empty model

Model (2)

Model (1)

-1.030 (0.147)

-1.030 (0.166)

-1.030 (0.166)

Speaker, γA 0(00)

3.155 (0.142) *

3.155 (0.141) *

S1manip, γB 0(00)

1.065 (0.201) *

1.065 (0.200) *

fixed
intercept, γ0(00)

S2manip, γC 0(00)

-0.405 (0.200) *

random
participants, σu20(j0)

< 0.001

0.216

0.219

lists, σv20(0k)

0.059

0.136

0.137

residual, σe2i(jk)

4.538

1.622

1.597

1395

1103

1099

292.40 (df=2)

4.08 (df=1)

p < .0001

p = .043

evaluation
-2 log(lh)
χ2deviance
pdeviance
* p < .05
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those in L1 speech.
In addition, one might predict that the amount of decrease of SRT due
to manipulation should reflect the amount of difference in duration patterns
between non-native and native realizations (S2D2 and S2D1). If an S2D2
sentence has relatively deviant duration patterns, then manipulating that
sentence to S2D1 should yield a relatively large increase in intelligibility (decrease in SRT). This was further investigated by computing the difference in
duration between two matching vowels in the S1 and S2 realizations, based
on the raw vowel durations described in section 2.1.2 above. Since our experimental method yields a single SRT response for a list of 13 sentences, these
duration differences were also aggregated per list. Per-list means of these differences would not be informative (as negative and positive differences would
cancel each other out); hence we used the median absolute deviation (mad)
of these differences. Figure 4 confirms that the amount of per-list change
in intelligibility (decrease in SRT) between conditions S2D2 and S2D1 (i.e.,
contrast C above) is indeed correlated to the amount of per-list deviance
in duration patterns (r = −.76, p = .028). Lists that have relatively large
median average deviations in vowel duration benefit from our manipulations
(about −1 dB shift in SRT), whereas lists with relatively small deviations do
not.
3. Discussion and conclusion
The results show clear effects of both the speech segments (speaker nativeness) and the durational patterns. If both factors differ jointly (S1D1
vs S2D2), then the SRT shifts by about 4 dB in the present study. This
difference is within the expected range (Van Wijngaarden et al., 2002, report an average shift of 3.6 dB for Polish speakers), and it is equivalent to a
16

reduction in speaker–listener or speaker–microphone distance by a factor of
0.63. Pitch contours and speaking rate were held constant among matching
sentences across conditions, to exclude these as possible confounds. The shift
can therefore only be due to segmental differences and/or different durational
patterns.
The results for the conditions with transplanted durations (S1D2 and
S2D1) show that durational patterns do indeed influence the resulting SRTs,
as predicted. This reconfirms the perceptual importance of appropriate durational patterns (Maassen and Povel, 1984; Tajima et al., 1997; Mareüil
and Vieru-Dimulescu, 2006; Holm, 2008; Bent et al., 2008). But quantifying the effect of durational patterns is somewhat complicated, because the
effect of transplanting durations is larger for the native speech (1.1 dB) than
for the non-native speech (0.4 dB). If the speech contains more non-native
speech segments, then durations are apparently less relevant for intelligibility. Stated simply, this suggests that hearing a native-like speech sound in
an inappropriate durational pattern may be relatively worse than hearing
a non-native-like sound in an appropriate duration pattern. (However, L1
materials had originally been recorded for audiological measurements, with
very clear pronunciation and slightly formal accent, which may have made
durational manipulations in this material relatively more conspicuous than
in the L2 materials.)
Moreover, the variation between sentence lists (each list contains 13 sentences) indicates that the effect of duration transplantations is larger as the
L2 durations are more deviant from the L1 durations; this finding further
confirms the perceptual contribution of duration patterns to intelligibility.
For a few lists, the gain in intelligibility is about 1 dB SRT, or about one
quarter of the difference in intelligibility between L1 and L2 speech. The
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major part of the difference in intelligibility must be ascribed then to segmental errors, either phonemic or sub-phonemic, which are indeed known
to impede speech communication (Anderson-Hsieh et al., 1992; Derwing and
Munro, 1997; Smith, 2004).
The finding that segmental errors played a relatively larger role than
deviant durational patterns, may have been due in part to the unpredictable
(and non-spontaneous) nature of the materials. All sentences were originally
read from text, and their content was semantically unpredictable. This may
have inflated the relative importance of segmental errors for the listeners in
the present study, because listeners could not use any contextual information
in repairing any segmental errors. In a spontaneous conversation, where
speech segments are less clearly pronounced but richer pragmatic context
makes the message content far more predictable, listeners might rely less on
segmental phonetic cues for speech intelligibility. Durational patterns might
then be relatively more important for intelligibility.
Tajima et al. (1997) have suggested that non-native speakers might benefit from training programs which focus on various temporal aspects of L2
speech. The present findings support this recommendation to some extent,
although the L2 learners should obviously also attempt to reduce the segmental errors that contribute to their foreign accent in L2 pronunciation.
Again, the communicative importance of durational patterns might be larger
in spontaneous conversation.
One drawback of the present study is the relative inefficiency of the SRT
method. For each participant, all responses to a list of 13 sentences are
combined into a single SRT value. Thus each participant produced only 8
data points. With only 10 lists available (Plomp and Mimpen, 1979), no more
than 10 data points per participant can be acquired, which limits the power
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of the SRT method. In addition, the SNR step size (±2 dB) is an uneasy
compromise. Smaller steps would require even longer lists of sentences (and
hence even less efficiency), but they would yield smaller standard deviations
in the outcomes. Larger steps would require shorter lists (so the sentence set
could in theory be recombined into more lists), but the resulting thresholds
may be useless in practice.
A second drawback is that results of the present study may not generalize to other L2 speakers. As mentioned in the Introduction above, our
findings may nevertheless be relevant, because the present L2 speaker exhibits a typical combination of segmental and durational errors. The relative
contributions of segmental and durational errors to intelligibility may vary
between L2 speakers (and their native languages), just like they vary within
a single speaker as reported above.
In our manipulations, the superficial segmental durations of the L1 speech
were transplanted as a whole into the L2 speech. That is, no attempt
was made here to capture the linguistic patterns underlying these durations
(e.g. phonological vowel length, voicing effect, phrase-final lengthening, word
boundary demarcation, rhythmic patterns, etc). Investigating the underlying linguistic patterns, rather than the resulting segmental durations, would
be an obvious next step now that the SRT method has been shown to be
useful for quantifying different components in L2 speech intelligibility.
In conclusion, the non-transplanted native and non-native speech differ
by about 4 dB in their speech reception thresholds. Transplanting the nonnative durational patterns onto the native speech segments decreases speech
intelligibility by about 1.1 dB. Conversely, correcting the non-native speech
with native-like durational patterns increases the intelligibility threshold by
about 0.4 dB (or by about 1.0 dB for the non-native sentences that were du-
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rationally most deviant). These durational effects are relatively small compared to segmental effects on intelligibility, but these findings suggest that
targeted attention to linguistically important duration patterns (e.g. phonological vowel length, stress and accent, etc.) may well be worthwile when
learning to speak a foreign language.
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Figure 2: Average spectra of masking noise, for the native (S1) and non-native speaker
(S2).
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Figure 3: Average Speech Reception Thresholds, expressed as speech-to-noise ratios (in
dB), broken down by native speaker (S1: native, S2: non-native) and by durational patterns (D1: native, D2: non-native). Error bars indicate standard errors.
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Figure 4: Scattergram of average durational deviance (horizontal axis) and average effect
of duration manipulation using S2 speech (vertical axis). Each point represents a list of
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