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We measured F1, F2 and duration of ten English monophthongs produced by American
native speakers and by Danish, Norwegian, Swedish, Dutch, Hungarian and Chinese L2
speakers. We hypothesized that (i) L2 speakers would approximate the English vowels
more closely as the phonological distance between the L2 and English is smaller, and
(ii) English vowels of L2 speaker groups will be more similar as the L2s are closer to
one another. Comparison of acoustic vowel diagrams and Linear Discriminant Analyses
(LDA) confirm the hypotheses, with one exception: Dutch speakers deviate more from L1
English than the Scandinavian groups. The Interlanguage Speech Intelligibility Benefit
was convincingly simulated by the LDA.

1 Introduction

In the past century English has evolved into the Lingua Franca of the world. It is
now the language of commerce, international relationships and science par excellence
(e.g. Rogerson-Revell 2007). The use of spoken English as a Lingua Franca (ELF) is
not without problems, however. When a person learns to speak a foreign language,
the pronunciation of the target language will differ from that of native speakers of
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that language and will be reminiscent of the sound patterns of the learner’s mother
tongue (e.g. Flege 1995). It is often easy to recognize the native language background
of an ELF speaker by his non-native accent.

The present study compares the pronunciation of the (monophthongal) vowels of
English produced by American L1 speakers with the same vowels pronounced by
speakers of English from six different non-native backgrounds, i.e. Chinese, Dutch,
Hungarian, Danish, Norwegian and Swedish. Chinese and Hungarian do not belong
to the Indo-European language family. The other four languages are rather closely
related to each other and to English. They are all members of the Indo-European
Germanic language family group, be it in different branches. English is in the Anglo-
Frisian branch, whereas Dutch is a West-Germanic language. The three Scandinavian
languages are more closely related to each other (as members of the North-Germanic
branch) than they are to either Dutch or English (Hendriksen & van der Auwera
1994). We will test the hypothesis that native languages that resemble one another
yield foreign accents that are also similar to each other. Specifically, we expect the
Danish, Norwegian and Swedish foreign accents in English to be so similar that one
might speak of a Scandinavian accent.

Swarte (2016) measured linguistic distances between English, Dutch, German, Dan-
ish and Swedish. The two Scandinavian languages {Danish, Swedish} had the shortest
distance between them, followed by the pair {Dutch, German}. English was more
closely associated with the West-Germanic pair than with the Scandinavian pair.
These linguistic distances were matched by experimentally established intelligibility
results obtained in spoken-word translation and comprehension tasks. We predict
that the Englishes spoken with a Scandinavian accent will be more alike than each
of these accents is like the Dutch accent. Moreover Swarte’s (2016) results lead us
to expect that Dutch-accented English is closer to native English than the Scandina-
vian accents are. Finally, we predict that the Chinese and Hungarian accents differ
more strongly from native English than the Germanic accents but we have no way
of predicting which one will be closer to English.

We decided not to recruit human listeners but to simulate human listening through
computer modeling. Linear Discriminant Analysis (LDA) has been used since the
late 1990s to model and predict how human listeners with language background A
identify the sounds of a foreign language B (e.g. Strange et al. 2005).

Intelligibility is greatest when interactants (speaker and listener) both use the same
native language (e.g. Munro & Derwing 1995). When one interactant is a non-native,
communication generally suffers (Cutler 2012). Communication in ELF may be as
successful or even more successful when both interactants are non-native. This effect
has been called the interlanguage speech intelligibility benefit (ISIB, Bent & Bradlow
2003). A realistic version of the ISIB hypothesis holds that the benefit will be found
especially if speaker and listener have the same native language. If the LDA technique
can be used to model and predict perceptual assimilation of non-native sounds to a
native sound inventory (Strange et al. 2005), then the ISIB effect should also show up
when we use the LDA technique.
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2 Vowel systems of the seven languages

The languages targeted in this study have rich vowel inventories, as shown in Figure
1.
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Figure 1: The monophthongs of (A) American English (Mannell, Cox & Harrington
2009), (B) Mandarin Chinese (Lee & Zee 2003), (C) Hungarian (Szende 1994),
D. Danish (Grennum 1998), (E) Norwegian (Vanvik 1979), (F) Swedish (En-
gstrand 1999) and (G) Netherlandic Dutch (Gussenhoven 1992). The shaded
polygon defines the English lax vowel subsystem.

The Scandinavian inventories offer a plethora of vowel types that would qualify as
viable substitutes in English (‘similar sounds’ in Flege 1995). Every English monoph-
thong can be mapped onto a distinct vowel in Norwegian at approximately the same
position in the vowel space. The Danish inventory has no vowel pair correspond-
ing to the fool~full contrast, but there are one-to-one mappings for all other English
monophthongs. Swedish does have vowels matching this latter contrast but lacks
the contrast between the bed and bad vowels. Dutch, lacks both the fool~full and the
bed~bad contrast.

3 Method

The data for English spoken with American, Dutch and Mandarin accents were de-
scribed by Wang & van Heuven (2006). For each language group ten male and ten
female speakers were recorded. Non-native speakers were university students who
had not specialized in English and had not spent time in an English-speaking environ-
ment. This type of speaker is representative of the typical ELF user in international
settings. The 3 x 20 speakers lived in the Netherlands at the time the recordings
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were made, studying at Leiden University. The Hungarian ELF speakers (7 male, 10
female) were recorded in 2015 at the University of Pannonia (Hungary). The Scandi-
vanian ELF speakers were recorded in 2016 at the University of Copenhagen (8 male
and 12 female Danish speakers), the University of Oslo (10 male, 10 female Norwe-
gian speakers) and the University of Stockholm (8 male, 12 female speakers). The
inclusion criteria for the Hungarian and Scandinavian speakers were the same as for
the Dutch and Chinese speakers.

Speakers produced all the 19 full vowels of English in a /hVd/ environment in a
fixed carrier sentence Now say h..d again. Stimuli were presented to the speaker
printed in normal English orthography on a sheet of paper. The pronunciation of
the target vowels was exemplified by everyday key words rhyming with the /hVd/
targets (e.g. the unfamiliar target word hoed was cued by the more familiar words
road, showed). Only the /hVd/ target words were used for acoustic analysis. Each
speaker produced one token of each vowel; only the Hungarians recorded two tokens
of each vowel type.

The onsets and offsets of the target vowels were determined by ear and by eye,
using oscillograms and spectrograms. Formants were estimated by the Burg LPC al-
gorithm implemented in Praat (Boersma & Weenink 1996). The optimal LPC model
order and upper frequency cut-off were determined by trial and error, visually com-
paring formant tracks with the spectrogram. Vowel duration and the centre frequen-
cies of maximally five formants were extracted; for each vowel token each formant
frequency was averaged over the duration of the vowel. Formant frequencies were
then psychophysically scaled in Barks (Traunmiiller 1990). In all, measurements of
1,540 vowel tokens were available for statistical analysis.

4 Results

In American English as spoken in Southern California, ten vowels are recognized as
monophthongs. The vowels in caught, hot and father have merged in that variety (and
count as tense vowels in our analysis). The mid vowels in pay and show (not in Figure
1A) are commonly considered monophthongs (even though they are diphthongized
to some extent in many varieties of English, including Californian). The central vowel
in bird is not included since it only occurs immediately before /r/ — which makes it a
positional allophone of the vowel in but. For the same reason we excluded all other
/r/-coloured allophones.

Figure 2 displays the location of the ten English monophthongs in the acoustic
vowel diagram with the first formant frequency (F1, representing vowel height) plot-
ted from top to bottom, and the second formant frequency (F2, representing vowel
backness and rounding) from right to left. This type of plot affords immediate visual
comparison with the vowel diagrams in Figure 1.

The male and female vowel configurations are basically identical within each L1
group and yet differ systematically between groups. Using the American vowels as
the reference set, we observe that there is a strict separation between the tense and lax
subsystems. The six tense vowels (including /ee/ and /p/) are on the outer perimeter of
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Figure 2: (Continued on page 142.)

the vowel space, while the four lax/short monophthongs form the corner points of an
inner polygon. The members of the two pairs of mid vowels (/e, 1/ and /o, v/ are rather
close to one another in the spectral space but they are still distinct by a difference
in duration - see below). This arrangement reproduces what has commonly been
reported for (American) English and closely matches Figure 1A.

The three Scandinavian groups of ELF speakers display roughly the same organiza-
tion of the English vowel system. They, too, can best be described in terms of an outer
hexagon of six peripheral, tense vowels and an inner tetragon with four lax vowels.
Details of the configurations differ between Danish, Norwegian and Swedish groups
but the basic organization is a very good match with the native system. The Danes
differ from the other Scandinavian groups in their location of /u/, which is as far back
as the mid vowel /o/. In the pronunciation of the Norwegians and Swedes, however,
/u/ is centralized, which mimics the way this vowel is pronounced in present day
English (both in England and in the United States). It seems practically impossible to
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Figure 2: (Continued from page 141.) Mean F1 and F2 (Bark) of ten English monoph-
thongs plotted for tense (open polygons) and lax (shaded polygons) vowels
for 14 speaker groups.

tell the Norwegians and the Swedes apart on the basis of the spectral distribution of
the English vowels. This is somewhat surprising, since we noted above that Swedes
should be at a disadvantage when having to pronounce the contrast between /¢/ and
/ee/, which does not exist in their L1 but does occur in Norwegian (and Danish). Either
the Swedes have been so much exposed (through the media) to /e/ in the neighbor-
ing languages Danish and Norwegian that this vowel is a familiar percept to them,
or the pronunciation problem has been dealt with in the Swedish secondary school
curriculum.

The Dutch ELF speakers deviate from English in several respects. Although the
Dutch-accented vowels can also be divided into a tense and lax subsystem, the sep-
aration is poor in the bottom-left corner, where the contrast between /e/ and /e/ is
weak (though not completely absent) and no difference is made at all between /u/
and /o/.

The English vowel systems of the non-Indo-European groups do not seem to dif-
ferentiate between the tense and lax subsystems — at least in terms of vowel quality.
Although the Mandarin ELF speakers use a large vowel space — which confirms im-
pressionistic claims (Zhao 1995) — they do not differentiate between /i/ and /1/, nor
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between /u/ and /5/. The vowel /e/ is virtually the same as /e/ while the distance
between /a/ and /e, €/ is so small that perceptual confusion can be expected.

The Hungarian speakers use a more contracted vowel space than the Mandarin
speakers and show the same lack of contrast: poor separation between /i/ and /1/,
between /u/ and /o/ and between /¢/ and /z/. Moreover, the mid vowels /e/ and /o/
are spectrally quite close to /i, 1/ and /u, ©/, respectively — although they may still be
distinct by duration.

Figure 3 plots the durations of the ten English vowels as produced by the seven
speaker groups. Vowels are plotted from left to right in ascending order as deter-
mined for the native speaker group.
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Figure 3: Duration (ms) of ten vowels of English produced by seven speaker groups.
Vowels are in ascending order of length as observed for the US English
native speaker group.

Although absolute durations differ from one language background to another (e.g.
American, Dutch and Chinese speakers appear to produce longer vowels than Hun-
garian and Scandinavian speakers), there is a good deal of similarity in the relative
vowel durations across the L1 backgrounds. The four lax vowels are indeed system-
atically shorter in the speech production of the native speakers, and these vowel
durations do not overlap with any of the vowel durations of the six tense vowels.
Crucially, the vowels /p/ and /z/ are clearly long. The same distribution of vowel
duration is seen with the Scandinavian speakers: Danes, Swedes and Norwegians
produce the four lax vowels with short durations, which are always shorter than any
tense vowel duration. For the Scandinavian speakers, however, there is a tendency
for the vowels /p/ and /e/, though longer than the lax vowels, to be shorter than the
other tense vowels. The Hungarian speakers do not differentiate the duration of the
tense versus lax members of the pairs /e/~/a/ and /u/~/w5/. The Dutch speakers have

143



Vincent J. van Heuven & Charlotte S. Gooskens

slightly longer durations for the tense members of these two pairs (suggesting that
these contrasts exist for at least some Dutch speakers of English).

As alast exercise we performed a series of 98 Linear Discriminant Analyses (LDAs).
Each of the seven languages provided the training data in turn, and the resulting
models were then tested on the same set of seven languages, yielding a 7 x 7 matrix.
Speaker normalization was performed prior to the LDA, by applying z-normalisation
within individual speakers to vowel duration, F1 and F2. The results are shown in Fig-
ure 4, which plots the percentage of correctly identified vowels for each combination
of training and test language. The left-hand panel presents the results when only F1
and F2 were entered as predictors; the right-hand panel shows the results of when
the set of predictors was augmented with vowel duration. In both panels the data are
plotted in ascending order of success of the training language with three predictors.
Numerical values plotted in the right-hand panel are also given in Table 1.
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Figure 4: Correctly identified vowels by LDA (%) based on two (left-hand panel) or
three (right-hand panel) acoustic predictors: F1, F2 and vowel duration as
the optional third parameter. The models were trained in each of seven
languages (z-axis), and tested in each of these languages (legend). There
were 20 tokens (one token for each of 20 speakers) for each of ten English
monophthongs (chance = 10%) per language, and 34 tokens (two tokens
for each of 17 speakers with Hungarian L1). When training and test lan-
guage were the same, the scores are based on cross-validation (leave-one-
out method).

When including all three acoustic predictors, the vowels produced by the Ameri-
can native speakers are identified as intended most often when the test language is
also US English (95.5% correct). The English vowels produced by Hungarian (51.5%)
and Mandarin-Chinese (60.5%) ELF speakers are identified least successfully. The
three Scandinavian groups are quite successful with scores around 80% correct. The
Dutch ELF speakers are in the middle of the range (71.5%).
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Table 1: Correct vowel identification (%) by LDA with F1, F2 and vowel duration as
predictors (A). Also see Figure 4. Panel B lists the Relative ISIB values (see

text).
Training language

CHI DUT USA HUN DAN NOR SWE

CHI | 76.0 66.0 60.5 600 59.0 525 635

&| bur | 685 795 715 635 685 67.0 715
?0 UsAa | 655 750 915 605 780 735 810
S| HUN | 56.2 500 515 653 538 474 538
;’» DAN | 66.0 72.0 815 705 955 72.0 825
£ | NOrR | 53.0 695 785 650 765 930 855
SWE | 595 63.0 780 640 770 80.0 84.0

A. Raw scores
Training language

CHI DUT USA HUN DAN NOR SWE

CHI | 13.0 01 -74 -33 -86 -134 -5.0

& | purt 1.7 99 -01 -3.6 -2.8 -2.7  -0.8
b% USA -3.8 29 174 -9.1 4.2 13 6.2
S | HUN -2.6 -11.6 -12.1 6.2 -95 -143 -10.,5
E DAN -43  -1.2 6.3 -0.1  20.6 -1.2 6.7
& | NOR | -16.0 -2.4 4.6 -4.3 3.0 21.1 11.0
SWE -9.1 1.5 45 -49 3.9 8.5 9.9

B. R-ISIB

The Interlanguage Speech Intelligibility Benefit (ISIB, see introduction) can readily
be observed in panel B of table 1. The effect is seen most clearly if we convert the
raw scores to relative ISIB scores (R-ISIB, Wang & van Heuven 2015) by subtracting
the row and column means from each cell in the matrix, and then divide the cell con-
tents by 2. This removes the main effects of training language and of test language
from the results, so that only the interaction term remains — which is our R-ISIB mea-
sure. When the test data are presented after the LDA was trained with data from the
same speaker group (which simulates the shared interlanguage), vowel identification
scores are much better than when test and training data are from different speaker
groups, with R-ISIB values of 14.1 and —2.3, respectively, t(47) = 6.2 (p < .001).

When test and training languages are different Scandinavian languages (six pairs),
vowel identification is better than when Scandinavian languages are paired with
other non-native Englishes (eighteen pairs) with mean R-ISIB values of 5.3 versus
—6.0, respectively, t(22) = 4.8 (p < .001). This confirms our hypothesis that the
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ELF vowels of Danes, Norwegians and Swedes resemble one another more than they
are like the vowels produced by the other ELF speakers.

5 Conclusion

We studied the vowels of English produced by six groups of non-native (ELF) speak-
ers and compared these tokens with the vowels produced by native speakers of Amer-
ican English. Non-native speakers were representative of the academically trained
professional with no specialisation in English. The vowel configurations of the six
ELF groups differed substantially from those of native English as well as from each
other, in ways that could often — but not always — be predicted from traditional im-
pressionistic vowel diagrams of the first language of the speakers. Scandinavian, and
especially Danish ELF speakers, approximate the English vowels most closely, better
than Dutch ELF speakers and much better than Hungarian and Mandarin-Chinese
ELF speakers do. Counter to what Swarte’s (2016) results would suggest, it is not
the case that Dutch ELF is closer to native English than the Scandinavian ELF vari-
eties are. It is beyond the scope of the present paper, however, to examine whether
the (monophthongal) vowel systems yield different linguistic distances than other
aspects of the phonology, vocabulary, morphology and syntax.

These conclusions follow from visual comparison of the acoustic vowel diagrams
of the seven varieties of English and are quantitatively corroborated by Linear Dis-
criminant Analyses in which American native listeners are simulated. Moreover, the
ELF vowels produced by the three Scandinavian speaker groups resemble each other
more than they share properties with the ELF vowels of Dutch, Chinese and Man-
darin speakers. This would suggest that the phonologies, specifically the vowel sys-
tems, of the three Scandinavian languages are rather similar and produce the same
type of transfer from native to foreign language.

Finally, our results are in line with the idea that similarity of non-native accents
in English (or any other language) may serve as an experimental means to quantify
phonological distance between languages even if these languages are genealogically
unrelated.
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