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ABSTRACT

Speech utterances in a given language are known to be less
intelligible to second-language (L2) listeners than to native
listeners. This study is aimed at quantifying the reduction of
speech intelligibility due to non-nativeness of the listener.
Two types of experiments were carried out: Speech Reception
Threshold (SRT) experiments for obtaining a quantitative
measure of speech intelligibility, and Letter Guessing Procedure
(LGP) experiments to assess to influence of linguistic factors of
non-nativeness on speech intelligibility separately.
The effects of non-nativeness of listeners were found to be in the
range of 1.4 to 4.4 decibel, in terms of speech-to-noise ratio that
gives 50% sentence intelligibility. The magnitude of this effect
depends on linguistic experience. There is a good correlation
between intelligibility and linguistic entropy. To highly
proficient L2 listeners, a non-native accent in L2 (similar to their
own accent) reduces intelligibility. Less proficient L2 listeners
do benefit from such a non-native accent in L2 speech. This
indicates a naïve phonetic discrimination.

1. INTRODUCTION

Speech utterances in a given language are known to be less
intelligible to non-native (second-language, L2) listeners than to
native listeners. Some important factors that influence the
reduction of intelligibility are age of second-language acquisition
and experience with the second language [1,2].
For the design of (for instance) speech communication
equipment for L2 users, it is useful to know the reduction of
intelligibility that must be dealt with; it is also interesting to
know if measures may be taken to minimise the loss of
intelligibility.
Many attributes of individual talkers and listeners are known to
influence human speech intelligibility. Some of these are at the
linguistic level (such as syntactical and lexical aspects [3,4]),
some are at the acoustic-phonetic level (e.g. syllabic rhythm and
speed, F0-range, intonation, articulation of different phonemes
[5,6,7]). Non-nativeness of a particular talker or listener may be
interpreted as a specific category of attributes influencing speech
intelligibility; both linguistic and acoustic-phonetic factors may
be expected to play a role.
The object of this study is to quantify the effect of non-
nativeness of listeners on speech intelligibility, discriminating
between acoustic-phonetic influences (phoneme discrimination)
and linguistic influences. Using appropriate measures, it has been
shown that the loss of intelligibility due to non-nativeness may
be expressed in terms of an equivalent difference in speech-to-

noise ratio [8,9]. This difference was found to be more than 3 dB,
depending on factors such as linguistic experience of subjects.
The current study is aimed at further validating these findings,
using different (and multiple) languages.
A homogeneous group of tri-lingual Dutch listeners was
recruited. These listeners participated in speech intelligibility and
letter-guessing experiments in Dutch (D), German (G), and
American-English (E).

2. EXPERIMENTAL SETUP

2.1. Subjects and Languages

In order to be able to carry out speech intelligibility tests, suitable
speech material has to be collected. Standardised Dutch SRT
sentences were ‘translated’ to German and English by native
speakers of these languages with phonetic expertise and
experience in speech research. This ‘translation’ did not perfectly
preserve the literal meaning of the sentences; the aim was to
obtain the same context, complexity and length (number of
syllables) in all languages.
The sentences were recorded for native speakers of Dutch,
German and American English (referred to from hereon as D1,
G1 and E1). Additionally, Dutch speakers also recorded English
and German sentences (G2 and E2).  Recordings were made for a
total of 9 speakers: 3 for each native language (2 male, 1 female).
Speakers did not demonstrate any speaking disorders, and were
informally estimated to have more or less average clarity of
articulation. Influences of regional accents (deviations from the
preferred pronunciation in the respective languages) were minor,
although noticeable.
The main group of subjects consisted of 9 tri-lingual Dutch
university students of various disciplines (not including
languages or phonetics), aged 18–24. All had learned both
English and German, written and orally, during secondary
education (Dutch high school). The self-reported overall
proficiency (rated on a 5-point scale) was higher for English than
for German for each individual subject. Also, all individual
subjects reported a more frequent use of English than of German.
In addition to this main subject group, two control groups were
recruited: 3 native German and 3 American subjects.

2.2. Speech Reception Threshold (SRT)

The sentence intelligibility test used was a standard Speech
Reception Threshold (SRT) test [9,10]. This test gives a robust
measure for sentence intelligibility in noise, corresponding to the
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speech-to-noise ratio that gives 50% correct response of short
redundant sentences.
In the SRT testing procedure, masking noise is added to test
sentences in order to obtain the required speech-to-noise ratio.
The masking noise spectrum is equal to the long-term spectrum
of the test sentences. After presentation of each sentence, a
subject responds by repeating the sentence as he or she heard it,
and the experimenter compares the response with the actual
sentence. If the response is completely correct, the noise level for
the next sentence is increased by 2 dB; after an incorrect
response, the noise level is decreased by 2 dB. The first sentence
is repeated until it is responded correctly, using 4 dB steps. This
is done to quickly converge to the 50% intelligibility threshold.
By taking the average speech-to-noise ratio over the last 10
sentences, the 50% sentence intelligibility threshold (SRT) is
obtained.
During the actual experiments, the subjects (listeners) were
seated in a sufficiently silent room. A set of Sony MDR-CD770
headphones were used to present the recorded sentences,
diotically, to the listeners. Using an artificial head, distortion
components introduced by the experimental setup were found to
be sufficiently low.

2.3. Letter Guessing Procedure (LGP)

In addition to the SRT experiments, Letter Guessing Procedure
(LGP) tests, originally due to Shannon [11], were also carried out
by all subjects.  The same (but unfamiliar) sentence material as in
the SRT tests was used. The LGP test yields a measure of
linguistic entropy; this may be seen as the inverse of the effective
redundancy through linguistic factors in the speech material,
which is subject-dependent [12], especially with non-native
subjects.
The procedure is fairly straightforward: the subject’s task is
always to guess the next letter in an unfinished written sentence,
displayed on a computer screen. The subject has to start out with
no other information than an indication of the language the
sentence will be in, and has to guess the first letter (using a
computer keyboard). The subject’s selection is not just based on
pure chance; since the word “The” is more likely than others as a
first word in English sentences, the subject knows, or learns
during an adaptation run, that the letter “T” is a good guess for
the first letter.
After typing the guessed letter, the subject receives visual and
auditory feedback (‘+‘or ‘–‘ on the screen, high- or low-pitch
sound). The correct letter is displayed on the screen (regardless
of what the subject’s response was). Now the subject has to guess
the next letter, following the same procedure (but with the added
knowledge of what the first letter was). Letter by letter, the
correct sentence appears on the screen, while the subject
responses (guessed letters) are stored.
The percentage of correctly guessed letters is a measure of
linguistic redundancy used by the subject. If the subject has no
knowledge of the language whatsoever, he will guess each letter
in a purely random fashion. Hence, in English he may
statistically be expected to guess 1 out of 27 letters right (26
letters and space). The more redundant the language is to the
subject, the less letters he is forced to select randomly.
Rather than working directly with the percentage of correctly
responded letters, the LGP scores are expressed in terms of
linguistic entropy. Entropy, in this context, is a concept from
information theory, and is expressed in ‘bits’. The linguistic

entropy (L) of a single response is a function of the number of
options the subject has to choose from (N):

N
L 1log2=− (1)

Assuming a 26 letter alfabet (plus space), the linguistic entropy
associated with pure guessing of a single letter is, according to
formula (1), 4.75 bits. In case of a wrong response, pure guessing
is assumed and an entropy of 4.75 bits is assigned to that
particular response. To each correct response, an entropy of 1 bit
is assigned (since the information transferred for to the subject
after each response, a simple ‘correct’ or ‘incorrect’, corresponds
to 1 bit). The mean linguistic entropy of a sentence, or a
sequence of sentences, may be calculated as follows:

IC
ICL
+

⋅+⋅= 75.41
(2)

Here L  is the mean linguistic entropy, C is the number of correct
responses and I is the number of incorrect responses
A disadvantage of this procedure for estimating the contribution
of linguistic influences on non-native speech intelligibility is the
fact that it is an orthographic rather than a phonological test.
Some factors that are irrelevant for spoken language
intelligibility, such as spelling, are included. Also, some very
relevant factors, such as phonological transition rules, are not
incorporated in the test. However, it is fair to assume that
linguistic entropy measured in this orthographic measure may
serve as a crude indicator of linguistic factors involved in speech
recognition. As an added measure, subjects were informally
checked for their capacity to spell simple words in the tested
languages. For the letters that are particular to Dutch and
German, not existing in English, the subjects were instructed to
use similar characters that are usually assigned to replace these
letters (eg. ‘ss’ for ‘β’);.

RESULTS

3.1. SRT Control Groups

It is important to know if the SRT test generally performs equally
in D, G and E. Differences due to the ‘translation’ of the
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Figure 1. Fully native SRT results for three languages
(D1, G1 and E1). All 3 speakers were included for
each language, and 9 (D) or 3 (G and E) listeners.
The error bars indicate the standard deviation.



sentences, or due to differences in the three speaker groups,
would make comparison of SRT results across languages
difficult, if not impossible. In figure 1, SRT results are given for
the fully native control conditions.
The largest difference between the conditions in figure 1 is 0.4
dB (statistically not significant). Usually, only between-group
differences larger than 1 dB are considered to be of interest; this
is also the magnitude of difference that, given the experimental
designs in this study, usually turns out to be just statistically
significant. Hence, from figure 1 the conclusion may be drawn
that the SRT test is sufficiently homogeneous across languages.

3.2. Non-Native SRT Results

In figure 2, mean SRT results for all individual speakers are
shown for the group of 9 Dutch listeners. The speakers are
ordered by mean SRT score. The speakers also happen to be
clustered by languages; this is somewhat of a coincidence, since
the difference between neighbouring speakers in figure 2 is
generally not significant. However, all differences between
groups are statistically significant.
Lower SRT scores indicate better speech intelligibility: the lower
the SRT, the more noise is allowed for to still obtain 50%
sentence intelligibility. Hence, the leftmost group in figure 1 is
most intelligible to the Dutch listener group. As to be expected,
this is the D1 group (baseline).
Compared to the fully native condition, the E1 group is only
slightly less intelligible (by 1.4 dB). The E2 group is again less
intelligible then the E1 group, indicating that in English better
intelligibility is reached for native than for non-native Dutch
speakers. This is contrary to the intuitive feeling that non-native
listeners may benefit from having a second language pronounced
in ‘their own’, familiar, accent. In a different study, the same
result was found in the case of Americans speaking L2 Dutch [9].
German speech is considerably less intelligible (mean difference
with baseline 4.4 dB and 2.5 dB, respectively for G1 and G2).
Here, the effect of hearing one’s ‘own accent’ in a second

language appears opposite compared to English; G2 is more
intelligible than G1. Figure 1 shows that this is not the result of
differences between languages in the test or the speakers. The
difference may be explained by the difference in mean
proficiency of the listeners: apparently, one’s own accent in a
second language is only advantageous if the proficiency of the
listener is relatively low in that language. This may be explained
by assuming that the subjects’ discrimination of phonemes is
more ‘naïve’ if the proficiency is lower: L2 phonemic categories
not being firmly established, phonemes not featured in L1 are
recognised more easily when pronounced in the non-authentic
way of second-language learners.

3.3. LGP Results (Linguistic Entropy)

In figure 3, mean LGP results are shown for the group of 9 Dutch
subjects. The differences between languages are statistically
significant (<0.01). These results clearly reflect the differences in
proficiency between Dutch, English and German. As with the

Figure 2. Mean SRT results for the individual speakers (n=9). All listeners were Dutch. Speech material was in Dutch
(D1), English (E1 and E2) and German (G1 and G2). Non-native speakers (E2 and G2) were all Dutch.
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Figure 3. LGP results of Dutch subjects in terms of
average linguistic entropy (9 listeners, 39 sentences
per listener, per language). The error bars indicate the
standard deviation (N=351).



SRT results, the scores are better for English then for German.
This suggests that the SRT results, which follow from both
acoustic-phonetic and linguistic factors, are related to the LGP
results, which result only from linguistic factors: there is no
acoustic signal to be judged by the subject in this test.
For each individual subject, mean linguistic entropy per language
was also highest for German and lowest for Dutch.

3.4. Relation Between SRT and LGP

If the contribution of linguistic factors in the realisation of speech
intelligibility of L2 listeners is fairly important, compared to
acoustic-phonetic factors, then a strong correlation will exist
between SRT and LGP results. This correlation is given in figure
4.

The correlation coefficient R=0.82; this means that 67% of the
SRT variance may be explained from linguistic entropy. Despite
the crude nature of the LGP test with respect to predicting
linguistic aspects of human speech recognition, this is a fairly
strong correlation.

4. DISCUSSION AND CONCLUSIONS

The effect of listeners’ non-nativeness on speech intelligibility,
expressed in terms of speech-to-noise ratio that leads to 50%
sentence intelligibility, amounts 1.4 – 4.4 dB for the given
languages. This corresponds well to results found for other
European language combinations.
The influence on linguistics factors is considerable, given the
high correlation between SRT-scores and linguistic entropy.
Non-authentic pronunciation of a second language increases
intelligibility to  inexperienced learners, whereas experienced L2
users experience better intelligibility when L2 speech is not
accented. This suggests that the influence of acoustic-phonetic
factors depend strongly on linguistic experience.
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Figure 4. Correlation between SRT and linguistic
entropy (r=0.82), across 27 sentence lists (9 for each of
the 3 languages). All speakers were native, all listeners
were Dutch.


