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1 Introduction

Professional singers often shift their accents when they sing. For example, many British,
New Zealand and Australian singers shift their accents in song so that they are easily mis-
taken for Americans. Trudgill (1983); Simpson (1999); Morrissey (2008); Beal (2009);
and Gibson (2010) argue that these singers target a particular accent (consciously or un-
consciously) for sociological reasons: the singers strive to sing with an accent that is
associated with a specific genre. In pop, rock and country music, the target accent is often
American.

Previous studies focus on experienced or trained singers, and mostly singers in gen-
res broadly associated with particular accents. We investigate whether singing inherently
masks certain markers of accent. If it does, then accent should also be more difficult to de-
tect in inexperienced singers singing a song associated with a genre that neither the singer
nor the listener associates with a specific accent. To our knowledge, our study is the first
to investigate the accents of untrained and inexperienced singers. We specifically aimed
to eliminate the influence of training, practice and genre-specific accents as potentially
confounding factors. By “training”, we do not mean exclusively classical vocal training,
which many professional singers in fact lack. Instead, we intend to draw a distinction
between singers who have extensive experience singing, possibly accompanied by vocal
coaching and explicit training, and people who have no experience of organized singing
practice or training.

The studies cited above focus on professional singers who are native English speak-
ers shifting away from the accent associated with their native dialect when they sing.
The experiments presented in the present paper are more similar to the study of Hagen
et al (2011), who examine the accents of non-native English speakers in song. Hagen et
al. recruited eleven Dutch choir singers with English as a second language (L2) and six
native English-speaking choir singers. These subjects were recorded reading and singing
passages of familiar songs. The researchers manipulated one sentence of the reading
recordings in three different ways. In the first, the durations of the non-native speakers
were matched with the duration of a native English speaker at the segmental level. In the

second, pitch (f0) was monotonized. In the third, the duration was manipulated like in the
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first and the pitch was also monotonized. These manipulations were intended to explore
the role pitch and duration have in identifying an accent. Twenty native English listeners
were asked to listen to and judge the stimuli on native accent authenticity using a 7-point
scale, with ‘1’ meaning ‘very strong foreign accent’ and ‘7’ meaning ‘native’.

Hagen et al (2011) found that the listeners rated non-native speakers as having less of
a perceived accent in song compared to speech. They also found that listeners gave higher
ratings (closer to native) when listening to the manipulated recordings. The researchers
concluded that fO and duration are important accent markers, but accents cannot be sig-
nalled with fO and duration in song, since the melody imposes its own fO and duration on
the text.

Our first study is similar to Hagen et al.’s with respect to the general research ques-
tions and underlying ideas, but the design differs significantly. Our study has a larger
sample size, and the stimuli involve recordings of native speakers of a number of differ-
ent languages, in contrast to Hagen et al.’s study, which focuses exclusively on Dutch.
Furthermore, unlike Hagen et al., we do not make use of manipulated stimuli.

The experiments presented here concern the perception of accent in song and speech
(Study 1), but also the production of pitch, duration, and quality of vowels in these two
modalities (Study 2 and 3). Song clearly affects pitch, and Gibson (2010) points out that
the rhythm of the melody affects duration as well. There are some further studies on
professional singers that suggest that the vowel formants are also somewhat influenced,
although the effects are not as drastic: The first formant (F1) is higher in song than in
speech, and the second formant (F2) is lower in front vowels in song than in speech
(Sundberg, 1969; Sundberg and Skoog, 1997, 1999; Clermont, 2002). However, these
studies note that F1 and F2 differences of speech and song vary across individuals, singing
techniques, genres and pitch. Since all of these studies were performed on professional
singers, the results might be due specifically to singers being trained to manipulate their
vocal tract while singing.

Vowel duration plays an important role for intonation and stress, but is also linguis-
tically relevant in other ways. English does not have phonemically contrastive vowel
length; that is, vowel duration alone does not signal a difference in meaning. How-

ever, vowel duration is an important cue for other distinctions, such as vowel height
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(Heftner, 1937; Lehiste, 1970; Toivonen et al, 2014) and consonant voicing (House and
Fairbanks, 1953; Peterson and Lehiste, 1960, a.o.). Vowels are shorter before voiceless
than voiced consonants (House and Fairbanks, 1953, a.o.). This generalization holds
cross-linguistically, but to different extents in different languages. For example, the ef-
fect has been reported to be generally stronger in English than in French, even though
vowels in French are also shorter before voiceless consonants (Chen, 1970; Mack, 1982).
In addition, previous studies have shown variation in duration differences due to voicing
according to a variety of factors other than target language. de Jong (2004) found larger
vowel duration differences according to consonant voicing in stressed than in unstressed
contexts. Mack (1982) reports that bilingual French-English speakers have overall differ-
ent duration ratios due to voicing of the following consonants than monolingual speak-
ers. In a study including only bilingual French-English speakers, Muldner et al (2019)
found greater duration differences due to consonant voicing in code-switched contexts
than in monolingual contexts. One of the questions addressed in our third study is whether
singing affects the contrast in vowel duration before voiced and voiceless consonants.
All three studies presented in this paper concern the accents of native and non-native
English speakers. Most previous studies comparing native and non-native accents have
naturally focused on accents in speech. Research has shown that a wide range of linguistic
factors are relevant when listeners judge foreign accents in speech. For example, Magen
(1998) found that English-speaking listeners judging Spanish-accented English were sen-
sitive to multiple features, including syllable structure, final [s] deletion, and consonant
manner. Gubbins and Idemaru (2011); Chan et al (2017); and others have shown that
vowel quality plays a crucial role in the perception of foreign accents. Studies focus-
ing on production have also found significant differences between native and non-native
speakers in vowel formants (Munro, 1993; Baker and Trofimovich, 2005; Oh et al, 2011;
Yang and Fox, 2017, a.0.). A number of studies have further shown that vowel duration
is a significant marker of a foreign accent (Jonasson and McAllister, 1972; Munro, 1993;
Tajima et al, 1997). Flege (1993) specifically found that when non-native English speak-
ers produced a large difference in vowel duration cued by the voicing of the following
consonant, their perceived foreign accent was lowered. Drawing on these previous re-

sults, we were interested in whether some markers of accentedness would be affected by
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the modality of song.

In Study 1, native speakers of English were asked to guess whether the voices on
recordings belonged to native or non-native speakers, and they were then asked to rate
the accentedness of the recordings they had classified as non-native. Study 2 performed
acoustic analyses on the recordings used for the perception judgements in study 1. The
recordings were samples of native and non-native speakers of English singing and reading
passages of the song Twinkle, Twinkle Little Star. The fundamental frequency (pitch),
duration, and first and second formants of vowels were measured and compared. Study 3
was a repetition of Study 2, with the difference that the recordings targeted a more limited
sample of sung and spoken words. Study 3 measured vowel pitch, duration and quality
like Study 2, and it also compared vowel duration before voiced and voiceless consonants
in song and in speech. Even though vowels are typically longer before voiced than before
voiceless consonants, the extent to which this generalization holds depends on a number
of factors as outlined above. We set out to test whether the effect of voicing on duration
is stronger in speech than in song, and whether there are any differences between native

and non-native speakers in this regard.

2 Study 1

The goal of this study was to investigate whether English-speakers are better at detecting
accents in speech than in song. English speakers were asked to judge whether sung and
read passages were recorded by native or non-native speakers. They were further asked to
rate the accents of the speakers/singers that they had guessed to be non-native speakers.
The basic design of the study follows Mageau et al (2015). Based on the results reported
in Mageau et al (2015) and also in Trudgill (1983); Gibson (2010); and Hagen et al (2011)
(described in section 1), we hypothesized that the participants would find it easier to detect

foreign accents in speech than in song.

2.1 Materials

Twelve female speakers (ages 20-44) were recruited from the Ottawa area to be recorded.

Six were native speakers of Canadian English and six were non-native speakers of En-
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glish. We recognize that “native speaker” is a complex concept, but for the purposes of
this paper, we consider a person who has been immersed in English since their early child-
hood as a native speaker. The native speakers were all exposed to English from birth and
had little exposure to any other language. The non-native speakers had not been immersed
in an English-dominant environment until adulthood, but they all had some training in En-
glish growing up. The non-native speakers’ native languages were French (two speakers),
Tamil, Farsi, Romanian, and Spanish.! We did not administer tests to gauge language
proficiency. The fact that the non-native speakers first languages and English language
proficiency varied are not confounding variables as this project does not address specific
questions about language transfer or L1 influence. None of the twelve speakers were
trained in music or singing.

The materials consisted of the first two verses of Twinkle Twinkle Little Star (see
Appendix I) and the first paragraph of Goldilocks and the Three Bears (see Appendix
2). Neither Twinkle Twinkle Little Star nor Goldilocks and the Three Bears is inherently
associated with any particular regional accent of English, as they are sung or read to
children throughout the English-speaking world. We recorded the speakers reading the
Goldilocks passage, and we also recorded them both reading and singing Twinkle Twinkle.
They sang accompanied by a recording of a piano playing just the melody of the song,
without the harmonies. We used four recordings per speaker: one reading of Goldilocks,
one reading of Twinkle Twinkle, and one singing of Twinkle Twinkle that was used twice:
one with the accompaniment and one without the accompaniment.?

The recordings were organized into four blocks so that each block included twelve
passages: three readings of Goldilocks recordings, three readings of Twinkle Twinkle pas-
sages, three Twinkle Twinkle songs with accompaniment, and three Twinkle Twinkle songs
without accompaniment. Each block contained only one recording per speaker. For ex-
ample, if Block A included a recording of Speaker A reading Goldilocks, then no other
recordings of Speaker A would be included in Block A. Each block included recordings

of all twelve speakers/singers (six native and six non-native speakers of English). The

"'We did not select these particular speakers for any specific reasons, we simply recorded the participants

who volunteered.
The speakers/singers listened to the accompaniment in headphones as their song was recorded, so it

was easy to include or exclude the channel with the accompaniment.
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recordings within each block were randomized.
A Tascam HD-P2 portable solid-state recorder paired with both head and table mounted
Audio Technica microphones (one microphone for each recording channel) was used to

record all participant sessions.

2.2 Methods

We recruited forty native speakers of Canadian English as participants. The participants
were recruited through internet advertisement and flyers that were posted at Carleton Uni-
versity. Participants were guaranteed complete anonymity and no biographical informa-
tion was collected beyond the fact that they were all self-reported speakers of Canadian
English. They each received a small gift certificate for their participation. The partici-
pants did the study individually, not in a group. Each participant was asked to listen to
one of the four blocks of recordings described in Materials. Ten participants listened to
each block, and the recordings within the block were randomized for each participant.
After every recorded passage, the participants were asked to guess whether the recorded
voice belonged to a native or a non-native speaker of English. Each time they guessed that
the speaker/singer was a non-native speaker, the participants were further asked to rate the
accent of the people on those recordings on a 9-point scale, where a 1 corresponded to
“closer to native Canadian English” and a 9 corresponded to “less close to native Cana-
dian English”. We used the wording “close to native” and “less close to native” because
that wording is commonly used in studies addressing the perception of accents (see, e.g.
McCullough 2013). We specified Canadian English because all of our native speakers
were speakers of Canadian English, and we thought it would be possible that potential
similarity between the accent of one or more of the non-native speakers and some other

native variety of English could affect the results.

2.3 Results

We collected 480 guesses in total (40 participants, 12 guesses, fully crossed design). Of
these guesses there were 70 incorrect guesses (15%) and 410 (85%) correct guesses. Table

1 displays the full distribution of incorrect guesses.
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Table 1: Incorrect responses by condition

Condition Incorrect guesses Percent
Singing with accompaniment 32 46%
Singing without accompaniment 17 24%
Reading Twinkle, Twinkle 14 20%
Reading Goldilocks 7 10%

Table 1 illustrates that most of the incorrect responses are in the two singing conditions
(70%). This suggests that a listener who has difficulty detecting a foreign accent has
greater difficulty when the speakers are singing than when they are reading. Table 1
also illustrates that the participants guessed the accent incorrectly especially often when
the recorded speakers sang with musical accompaniment (46%). Participants guessed
correctly most often when listening to the prose reading passage, Goldilocks and the three
bears.

A proportion test was used in order to determine whether the distinction between song
and speech indicated by the descriptive statistics was significant. We tested our results
against the null hypothesis (according to the null hypothesis, there would be no signifi-
cant difference in number of incorrect guesses between the song and speech conditions).
The proportion test showed that there was a statistically significant increase of incorrect
responses for the singing conditions compared to the reading conditions (x>= 11.2, p
<0.01). These results are consistent with the hypothesis that it is more difficult to detect
a foreign accent in song than in speech.

When participants guessed that a speaker/singer was a non-native speaker of English,
they were asked to rate how close to a native speaker the person on the recording sounded
(1 = close to Canadian English to 9 = less close to Canadian English). Table 2 shows the

average ratings for the different conditions.
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Table 2: Listeners judgements of accents
Condition Ratings, M (SD)

Singing with accompaniment 4.5(2.5)
Singing without accompaniment 5.1 (2.4)
Reading Twinkle, Twinkle 6.1 (2.3)
Reading Goldilocks 6.2 (2.5)

Table 2 illustrates that native English listeners rate speakers as having less of an accent
when they sing than when they speak. Within the singing condition, the ratings were
lower for songs accompanied by piano than for the a cappella song. Within the reading
condition, the ratings were lower for the verse passage (Twinkle, Twinkle) than for the
prose passage (Goldilocks).

We performed a linear mixed effects analysis to illustrate the relationship between
rating and speech or song. The modality variable (speech versus song) was entered into
the model as a fixed effect.

Participants, speakers and conditions were entered as random effects, as these vari-
ables could play a role in the rating. P-values were obtained using a likelihood ratio test
of the full model with and without the interested effect (i.e., the difference in speech and
song). The likelihood ratio test found that there was a significant difference between the
two models which indicates that speech and song have an effect on ratings (x>(1)= 5.39,
p= 0.02), where the rating in song is lower by about 1.1 +/—0.4 (standard error).

In sum, the results from the guessing task together with the results from the rating task

indicate that accents are less noticeable in song than in speech.

3 Study 2

Study 2 makes use of the materials collected for Study 1 to compare the acoustic prop-
erties of vowels in song and in speech. Specifically, we compare the sung samples of
Twinkle, Twinkle to the read samples of Twinkle, Twinkle. Our main goal was to inves-
tigate acoustic differences between song and speech in native and non-native speakers.

We hypothesized that the melody and rhythm of the music will influence the duration and
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pitch of vowels. Since previous studies have shown that F1 is overall higher and F2 of
front vowels is lower in song than in speech, we also hypothesized that we might see a
difference in formants between the singing and the speaking condition.

Munro (1993) and others (see Section 1) have also found differences between native
and non-native speakers in the quantity and quality of vowels, and a secondary goal was
therefore to explore whether there were systematic differences between the groups of

speakers (native and non-native) in our sample.

3.1 Methods

This study investigates the pitch, duration and quality of spoken and sung vowels in na-
tive and non-native speakers. The vowel measurements were conducted using PRAAT
(Boersma and Weenink, 2016). Because different vowels have intrinsic properties, we
limited the number of vowels to /1/ and /a/. These specific vowels were chosen because
they occur more often in the verses than other vowels: /1/ occurs 16 times and /a/ occurs
10 times (see Appendix 1 and 2). We include one sung and one spoken passage from 12
speakers, 24 passages in total. The study thus includes measurements from 624 vowels.
Vowel duration was measured from the offset of the pre-vocalic consonant to the onset
of the post-vocalic consonant. The frequencies of fundamental frequency (fO0) and the
first two formants (F1-F2) were measured at the midpoint of the vowel, as is common in
acoustic analyses of vowels (e.g., Flege et al 1997).

Since the measured vowels occur in different phonetic environments and were uttered
by different speakers with different linguistic backgrounds and in different modalities
(song and speech), the data are not normally distributed. Furthermore, there tends to be
more variance in song than in speech (Gibson, 2010, 75). The assumptions for parametric
tests are therefore not met, so we used pairwise Wilcoxon tests for our analyses, following
Gibson (2010) who investigated comparable data sets. We first aggregated the data from

each speaker and condition.’

That is, we calculated the average duration, fO, F1, and
F2 values for vowel (/1/ and /A/) and condition (speech and song). We then performed
analyses for each vowel (/1/ and /a/) separately for native and non-native speakers. We

used Wilcoxon signed-rank tests for these comparisons. We also performed analyses to

3We aggregated data for all analyses except pitch range (see section 3.2.2).
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compare the duration, f0, F1, and F2 values of native and non-native speaker participants,
and for these between-speaker analyses, we used Wilcoxon rank sum (Wilcoxon-Mann-

Whitney) tests.

3.2 Results
3.2.1 Duration

The average durations for the vowels /1/ and /a/ for native speaker participants and non-

native speaker participants are presented in Table 3.

Table 3: Duration (msec), M (SD)

Speech Song
/1 /A/ /1 /A/
Native 66 (27) 92@36) 153 (91) 172(59)

Non-native 74 (25) 104 (33) 185(79) 195 (62)

Wilcoxon signed-rank tests were conducted in order to determine the statistical sig-
nificance of the durational differences in song compared to speech. The native speaker
participants produced longer vowels in song than in speech, both for the /1/ vowel (V =
21, p = 0.03) and the /a/ vowel (V =21, p = 0.03). The non-native speakers also pro-
duced longer vowels in song than in speech, both for the /1/ vowel (V =21, p = 0.03) and
the /a/ vowel (V =21, p = 0.03).*

Wilcoxon rank sum tests further showed that non-native and native speaker partici-
pants’ durations were not significantly different in the speaking condition (/1/: W = 29,
p=0.09; /a/: W =24, p=0.39), and also not for the /a/ vowel in the singing condition (W
= 30, p=0.06). However, the native speaker /1/ vowels were shorter than the non-native
speaker /1/ vowels in the singing condition (W =5, p = 0.04).

In sum, both the native and non-native participants produced longer vowels in song

than in speech. The native and non-native speakers differed significantly with respect to

“The fact that the Wilcoxon statistics are identical here is explained by the fact that all values on one list
(the values from the song condition) were higher than the paired values on the other list (from the speech

condition).
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vowel duration only when producing /1/ vowels and only when singing.

3.2.2 Pitch

Our participants produced higher pitch (as measured by fundamental frequency, f0) in
song than in speech. Higher pitch in song has also been reported in previous studies
(Sundberg and Skoog, 1999). The average fO values for the vowels /1/ and /a/ are given
in Table 4.

Table 4: fO (Hz) of /1/ and /a/, M (SD)

Speech Song
VAR VRV
Native 188 (23) 169 (29) 247 (65) 229 (56)
Non-native 218 (51) 191 (47) 311 (66) 278 (55)

Pitch was significantly higher for both the native speaker participants (/1/ vowel: V =
21, p = 0.03; /a/ vowel: V =21, p = 0.03) and the non-native speaker participants (/1/
vowel: V=21, p < 0.03; /a/ vowel: V =21, p = 0.03).

The pitch of the native speakers was also compared to the pitch of the non-native
speaker participants. There was no significant difference in the speech condition (/1/
vowel: V=29, p =0.09; /a/ vowel: V =24, p < 0.39). In the song condition, the /a/
vowels did not differ (W = 30, p = 0.06), but the /1/ vowels were significantly higher for
the non-native speaker participants (W =31, p = 0.04).

The pitch ranges for each speaker were also examined. The ranges were calculated
by subtracting the lowest fO for each vowel from the highest fO for each vowel. This gave

two values per speaker (one for each vowel). The average pitch ranges for speakers are

given in Table 5.
Table 5: fO ranges (Hz), M (SD)
Speech Song
/1/ /A/ /1 /A/
Native 71 (42) 74 (51) 118(39) 115(41)

Non-native 98 (42) 70 (44) 186 (26) 147 (58)
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The pitch range was significantly greater in song than in speech both for native speaker
participants (V = 67, p = 0.03) and non-native speaker participants (V =76, p < 0.01).
There was no significant difference in range between native and non-native speakers in
the speech condition (W = 81, p = 0.62), but the difference was significant in the song
condition (W =116, p=0.01).

3.2.3 Vowel height (F1)

Recall that previous researchers have found that speakers produce overall higher F1 (cor-
responding to vowel lowering) in song than in speech (Sundberg 1969, and others). How-
ever, the participants of this study did not display any shift in vowel height (neither low-

ering nor raising) when singing. The average F1 values are given in Table 6.

Table 6: F1 values (Hz) of the vowels /1/ and /a/, M (SD)

Speech Song
/1 /A/ /1/ /a/
Native 526 (79) 705 (137) 521 (116) 705 (149)

Non-native 412 (104) 664 (153) 444 (115) 707 (140)

Wilcoxon signed rank tests did not yield significant results for either vowel in native
speakers (/1/ vowel: V =11, p=1; /a/ vowel: V =20, p = 0.82) or non-native speakers
(/1/ vowel: V=17, p=0.22; /a/ vowel: V = 14, p = 0.56).

Wilcoxon rank sum tests did not show any significant differences between native and
non-native speaker participants. There was no difference in the speech condition (/1/
vowel: W =30, p = 0.06; /a/ vowel: W =20, p = 0.82), or in the song condition (/1/
vowel: W =29, p=0.09; /a/ vowel: W =15, p = 0.70).

3.2.4 Vowel backness (F2)

Previous studies have found that singing correlates with a shift in vowel backness, as
measured by F2 (Sundberg 1969 and others). Specifically, front vowels have been shown
to display lower F2 in singing than in reading, indicating backing of front vowels in song.

In contrast to the previous studies, our data did not indicate any consistent F2 formant



ACCENTS IN SONG 13

shift when comparing speech and song. The average F2 values are given in Table 7.

Table 7: F2 values (Hz) of the vowels /1/ and /a/, M (SD)

Speech Song
1 /a/ N /2]
Native 1963 (325) 1503 (149) 2115 (464) 1572 (199)
Non-native 2008 (600) 1340 (193) 1978 (695) 1444 (288)

There was no significant difference between song and speech in F2 for native speaker
participants (/1/ vowel: V=3, p=0.16; /a/ vowel: V =1, p =0.06) or non-native speaker
participants (/1/ vowel: V=27, p =0.18; /a/ vowel: V = 18, p = 0.16).

Wilcoxon rank sum tests did not show any significant differences between native and
non-native speakers participants. There was no difference in the speech condition (/1/
vowel: W =27, p =0.18; /o/ vowel: W =6, p = 0.06), or in the song condition (/1/
vowel: W =12, p=0.39; /a/ vowel: W =12, p = 0.39).

3.3 Summary of Study 2

Study 1 showed that English speakers did better at identifying native speakers of English
when listening to spoken samples than when listening to sung samples. In Study 2, we
analyzed the vowels in the recordings used as stimuli for Study 1 in order to gauge whether
any of the core vowel characteristics shifted significantly so that native and non-native
vowels were more similar in the sung data. We did not find evidence for any such pattern.
Instead, we found that both native and non-native speakers shifted their pitch and duration
when singing, whereas the F1 and F2 stayed stable across conditions, again for both native

and non-native speakers.

4 Study3

Our third study had two goals. The first was to replicate Study 2 with the same basic
design but more constrained stimuli: instead of the lyrics of Twinkle Twinkle, the partic-

ipants repeated a limited set of words in speech and song. The second goal was to ex-
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plore further how music influences the natural durational patterns of speech in untrained
singers. We measured duration, fO, F1, and F2 as we did in Study 2. We hypothesized
that the results pertaining to duration and pitch would be the same as in Study 2, but we
expected that the more limited stimuli could reveal potential differences in vowel quality
(F1 and F2) that were not evident in the previous study. We also investigated whether
the difference in duration before voiced and voiceless consonants (see section 1 above) is
maintained in song, and whether native and non-native speakers pattern the same in this
regard. Flege (1993) found that the distinction in vowel length cued by consonant voicing
is a marker of native English accent, and other studies have found that various factors
can affect this distinction (Mack 1982; de Jong 2004; Muldner et al 2019; see section 1).
These observations together with the finding that accents are more difficult to detect in
song than in speech led us to hypothesize that the distinction in vowel duration cued by

consonant voicing might be lesser in song than in speech.

4.1 Methods

Fourteen speakers were recruited to participate in the study.> Recruitment took place via
the Carleton University Institute of Cognitive Science SONA system. The speakers were
all female and between 18 and 24 years old. The native speakers had been exposed to
English since birth and had little exposure to a second language. The non-native speakers
had not been immersed in an English-speaking environment until adulthood. However,
all speakers had some English exposure and/or training while growing up. Seven of the
speakers were native speakers of English and seven had learned English as a second lan-
guage. The second language speakers’ first languages were different varieties of Arabic
(four speakers) and Chinese (three speakers: two Mandarin and one Cantonese). Partici-
pation was voluntary, and participants received compensation in the form of a 1% grade
increase in a first or second-year Cognitive Science course, which they were enrolled in
at the time of their participation in the study. None of the speakers were trained singers.
A Tascam HD-P2 portable solid-state recorder paired with both head and table mounted

Audio Technica microphones (one microphone for each recording channel) was used to

> All participants of the previous studies were guaranteed anonymity and we did not have their contact

details. We therefore could not approach the speakers/singers of studies 1 and 2 for this study.
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record all participant sessions. A metronome set at a comfortable pace (120 beats per
minute) was used in order to ensure that the participants maintained an even pace when
they read and sang the target words. The acoustic analysis software PRAAT allowed for
segmentation and vowel length analysis.

We recorded each participant individually. In the speech portion of the study, speakers
were asked to read the words bus, buzz, bet and bed 42 times each with the help of a
metronome set to 120 beats per minute for 30 seconds to keep their pace steady. The order
in which they read the words was randomized. Each word was said 42 times because that
number corresponds to the number of syllables in one verse of Twinkle Twinkle Little Star,
and we wanted to ensure that the two conditions were as similar to each other as possible.

In the singing portion of the study, speakers were asked to sing each of the words bus,
buzz, bet and bed to the tune of the first verse of Twinkle Twinkle Little Star. They sang one
verse at a time, each time repeating the same word. Each participant therefore sang four
verses in total, one for each of the four words. For example, a participant would first sing
repetitions of the word bus to the melody of Twinkle Twinkle, and then repetitions of the
word buzz, etc. The order in which they sang the words was randomized. A metronome
was again set to 120 beats per minute so that speakers would maintain a steady pace while
singing.

The condition order was alternated so that half of the speakers began their recording
session with the speech portion of the study and half with the singing portion of the study.

The sound files were then imported into PRAAT so that vowel length could be ex-
tracted for both the speech and song conditions. Because the last syllable of each line of
Twinkle Twinkle Little Star is a half note instead of the usual quarter note, the last word for
each line of the song condition was removed, as it would have an artificially long vowel.®
This means we removed six tokens of each word. We also removed words that had errors
in them, and we finally removed random words to make sure we had the same number
of tokens in the speech condition and the song condition. 36 tokens of each of the four
words remained per speaker and condition. We thus analyzed 144 spoken and 144 sung

words per participant, 4032 words in total.

®Note that no half notes were included in Study 2. They were automatically excluded as a result of the

two specific vowels that were investigated.
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4.2 Results

The stimuli were more restricted in this study than in Study 2, but the F1 and F2 values
nevertheless failed to display normal distribution. We therefore analyzed F1 and F2 with
Wilcoxon tests. However, we did not find evidence that the pitch and duration displayed

non-normal distribution, so we analyzed those measurements with ANOVAs.

4.2.1 Duration

The native speakers’ spoken vowels averaged 164 msec and their sung vowels 200 msec.
The non-native speakers also have longer vowels in song with their spoken vowels aver-
aging 150 msec and their sung vowels 201 msec. The average measurements for vowel
duration for all four words, calculated separately for song and speech and native and non-

native speakers, are provided in Table 8.

Table 8: Vowel duration for words ending in a voiced (buzz, bed) or voiceless (bus, bet)

consonant (msec), M (SD)

Speech
buzz bus bed bet
Native 207 (53) 144 (53) 176(53) 130(52)
Non-native 165 (51) 137 (51) 165(51) 133 (52)

Song
buzz bus bed bet
Native 238 (53) 191(52) 205(52) 165(52)
Non-native 213 (52) 193 (51) 213 (51) 185(51)

To determine if vowel duration was lengthened in the singing condition dependent on
speaker type (native and non-native), a mixed ANOVA was used with speaker type as the
between-participant variable, and modality (speech and song), voicing, and vowel type
(/¢/ and /a/) as within-participant variables.

The results showed that there was no significant main effect of speaker type (F(1, 12)
= 0.247, p = .063). These results are consistent with the study reported in section 3.2.1

above: there was no significant overall difference in vowel duration between our native
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and non-native speaker participants in either study. However, there were significant main
effects of modality, vowel type, and voicing.

The results for modality (F(1, 12) = 19.07, p < 0.001) showed that vowels are longer
in the singing condition (M = 202, SD = 40) than in the speaking condition (M = 156, SD
= 50). This result replicates the findings of previous studies and the findings of the study
reported in 3.2.1.

The results for vowel type (F(1, 12) = 5.51, p = 0.03) showed that /a/ vowels (M
= 181, SD = 52) are longer than /¢/ vowels (M = 172, SD = 49) for both native and
non-native speakers.

In addition, the results for voicing (F(1, 12) = 47.67, p < 0.001) showed that vow-
els are significantly longer before voiced consonants (M = 196, SD = 50) than before
voiceless consonants (mean = 157, SD = 40). This confirms that both sets of speakers
maintained the voiced-voiceless distinction in both the speech and singing conditions.
The aspects of rhythm and intonation dictated by the melody in the singing condition do
not fully neutralize this basic phonological pattern of English.

There was a near significant interaction between speaker type and voicing (F(1, 12)
= 4.08, p = 0.06). The non-significant (at the 0.05 level) trend towards an interaction
prompted further analysis of the data. The descriptive statistics suggested that the trend
is due to the voicing of the consonant having a particularly large effect on vowel duration
in the native speaker participants’ speech condition. The average ratio of vowel duration
(duration before voiced consonants to duration before voiceless consonants) in native
speakers in the speech condition was 1.40:1 (SD = 0.23), which is similar to what has
previously been reported in the literature for English lax vowels (Peterson and Lehiste,
1960; Raphael, 1972, a.o.). In the song condition, the average ratio was only 1.25:1
(SD = 0.18), and a paired Welch t-test (two-tailed) comparing the two indicated that the
difference was significant, t(13) = 2.60, p = 0.02. The ratio was also greater in the speech
than the song conditions for non-native speakers. The non-native participants’ average
ratio was 1.23:1 (SD = 0.21) in the speech condition and 1.13:1 (SD = 0.17) in the song
condition. A paired Welch t-test (two-tailed) showed that the difference was significant
t(13) = 2.47, p = 0.03. Comparisons between native and non-native speakers revealed

that the ratio difference was significant in the speech condition but not the song condition.
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The two-tailed Welch t-test results for the ratio comparison between native and non-native
speakers in speech was t(25.7) = 2.10, p = 0.046, and in song t(25.9) = 1.76, p = 0.09.
Together, these results suggest that the consonant voicing has a smaller effect on vowel

duration in song than in speech.

4.2.2 Pitch

Pitch was also analyzed with a mixed ANOVA. Speaker type was the between-participant
variable, and the within-participant variables were modality (speech and song), voicing,
and vowel type (/¢/ and /a/). Several of the participants used breathy voice when singing
and/or creaky voice when speaking, which meant that many of their fO values could not
be read. For this reason, two native and two non-native speakers were excluded from the
pitch analysis.

The main result concerning pitch in Study 2 was higher pitch in song than in speech,
and this was replicated here: there was a significant effect of modality (F(1, 10) =44.11,
p < 0.001) with higher pitch in the singing condition (M = 258, SD = 63) than in the
speaking condition (M = 188, SD = 66). With the exception of the /1/ vowel in the song
condition, Study 2 found no differences between native and non-native speakers. The
results of this study similarly showed that there was no significant main effect of speaker
type (F(1, 10) = 0.402, p = .54). There were also no main effects of voicing (F(1, 10)
= 1.80, p = .22) or vowel type (F(1, 10) = 1.44, p = .26), and there were no significant

interactions.

4.2.3 Vowel height (F1)

Several of our speakers (both native and non-native speakers) pronounced their buzz vowel
and especially their bus vowel quite far back, which meant that the F1 and F2 values often
overlapped and could not reliably be extracted. To avoid including potentially incorrect
data in our analysis, we therefore excluded the bus, buzz measurements from our analyses
of F1 and F2.

Study 2 did not find any evidence that the participants shifted their vowel height when
singing, and this study yielded the same result. Wilcoxon signed rank tests comparing the

F1 of sung and spoken vowels did not yield significance in native speakers (V =41, p =
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0.50; speech M = 664, SD = 148; song M = 633, SD = 146) or non-native speakers (V =
60, p = 0.67; speech M = 681, SD = 94; song M = 693, SD = 114). Wilcoxon rank sum
tests also did not show any significant differences between native and non-native speaker
participants. There was no difference in the speech condition (W =95, p=0.91), or in the

song condition (W = 124, p = 0.25).

4.2.4 Vowel backness (F2)

Study 2 did not find any evidence for a shift in vowel backness in song, and we similarly
failed to find evidence for a shift in F2 in non-native speakers in this study. However,
this study did find that F2 values were significantly lower in song than in speech in na-
tive speakers. Wilcoxon signed rank tests comparing the F2 of sung and spoken vowels
yielded significance in native speakers (V = 10, p < 0.01; speech M = 1595, SD = 437,
song M = 1328, SD = 363), but not in non-native speakers (V =47, p =0.76; speech M =
1562, SD = 281; song M = 1503, SD = 259).

Study 2 did not find any evidence of significant differences between native and non-
native speakers in song and speech, and neither did this study. Wilcoxon rank sum tests
showed no difference in the speech condition (W = 82.5, p =0.49), or in the song condition

(W =126.5,p=0.2).

4.3 Summary of Study 3

The results of this study (Study 3) were very similar to the results of Study 2. The dura-
tion finding that vowels are longer in song than in speech for both native and non-native
speakers was replicated. The duration results further indicate that vowels are longer be-
fore voiced than voiceless consonants in both song and speech, and this was also found
for both native and non-native speakers. An exploration of a near-significant trend fur-
ther revealed that the difference in vowel duration caused by the voicing of the following
consonant seems to be greater in speech than in song, especially for native speakers.
Study 3 also replicated the finding that piftch is higher in song than in speech, both for
native and non-native speakers. Like Study 2, Study 3 found no significant shift in F1 in

song. Unlike Study 2 but in line with previous results reported by Sundberg (1969) and
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others, the native speakers in our study did produce vowels with lower F2 in song than in
speech. However, for non-native speakers the results were the same as in Study 2: there

was no evidence of a shift in F2 in non-native speakers.

5 Discussion

The goal of this project was to investigate the perception and production of foreign accent
markers in song. Our first main research question was whether it is more difficult to detect
accents when listening to someone who is singing than when listening to someone who is
speaking. Results from previous studies have suggested that it is indeed more difficult to
detect accents in speech than in song (Trudgill, 1983; Simpson, 1999; Hagen et al, 2011,
a.0.) and our study confirmed those claims and findings.

Our study was novel in that it specifically targeted speakers with no musical training.
Previous studies have focused on professional solo singers from different genres (Trudg-
ill, 1983; Simpson, 1999; Gibson, 2010), or experienced choir singers (Hagen et al, 2011).
We recorded and studied samples from people who are not experienced singers nor mu-
sically trained in other ways. We played the recordings to native English speaker partici-
pants, who did significantly better at guessing whether the people on the recordings were
native speakers when they were reading, compared to when they were singing. The par-
ticipants further ranked the accents as less native-like when they listened to a read passage
than when they listened to a sung passage.

Our second main research question was how singing affects the acoustic character-
istics of sounds. We specifically focused on vowels. We investigated pitch (f0), dura-
tion, vowel height (F1) and vowel backness (F2). We found that vowels were produced
with a higher pitch (fundamental frequency) and a greater pitch range in song than in
speech. These findings are consistent with previous research, and they are not surprising,
as singing requires following the melody of the song. We also found that vowels are gen-
erally longer in song than in speech. Vowels are the main carriers of pitch in each syllable,
and we suggest, following Gibson (2010), that the relative long duration in song is due to
the rhythmic nature of song: vowels need to be lengthened in order to follow the beat.

Previous research has also found certain shifts in F1 in song, but our results did not
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corroborate those findings. Some previous research has found evidence of lower F2 in
front vowels, which we also found, but only in native speakers and only in one of the two
production studies (Study 3). We hypothesize that our studies largely failed to replicate
the F1 and F2 findings from the literature because we only included untrained singers.
Previous studies have focused on trained singers, and part of singing practice is to (con-
sciously or unconsciously) learn how to modify the production of sounds to make them
carry the tones better, to be more audible, and indeed to sound more true to the accent
they are targeting (see, e.g., Marshall 1953; LaBouff 2008; Wall et al 2009; Christiner
and Reiterer 2015). It is therefore likely that the consistent shifts in vowel pronunciation
(evident in F1 and F2 measurements) that previous studies have found are due to the fact
that experienced singers learn to modify their sounds, and especially their vowels, as they
sing. Untrained singers like the ones we recorded have not learned to consistently shift
their pronunciation when they sing.

Study 3 compared the duration of vowels in words ending in voiced and voiceless
consonants, and we found that the lengthening effect of consonant voicing on preceding
vowels remains in song. A trending interaction led us to further explore the effect of
voicing. Our data indicated that that the difference in vowel duration due to consonant
voicing is greater in speech than in song for both native and non-native speakers. How-
ever, there was an interesting difference between song and speech: the ratios for native
and non-native speakers were significantly different in speech, but not in song. In other
words, the native and non-native speakers are more similar in song than in speech with
respect to the effect of consonant voicing on vowel duration. We consider this a poten-
tially interesting topic of future research, because if this finding can be replicated, it could
mean that singing can lessen certain language-specific phonological effects. This in turn
might be one of the reasons why native and non-native speakers sound more alike when
they sing than when they speak.

It could also be interesting to further explore the recognition of accents in different
types of song and speech. Although we did not specifically explore this question, the
descriptive statistics seem to suggest that the presence of accompaniment made accents
even harder to detect. The accompaniment consisted simply of the melody played on

piano, and the accompaniment on the recording was not loud. Nevertheless, previous
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studies show that noise renders the detection of accents more challenging (Munro, 1998;
Adank et al, 2009; Gordon-Salanta and Yeni-Komshian, 2010), so it may be the case that
any extra sounds can distract from possible accent markers. It would also be interesting
to explore whether accents are more readily detected in prose (such as Goldilocks) than
in verse (such as Twinkle, Twinkle). Since verse forms superimpose a given rhythm (even
when it is read, not sung), perhaps this metrical rhythm serves to partially mask markers
of accents that have to do with intonation and stress, as signalled by duration, pitch and
loudness.

In this paper, we focus on reporting the overall significant effects evident in the data.
However, visual inspection reveals that there is variation between and within individuals,
especially among the non-native speakers and especially with respect to F1 and F2 values.
This is expected, as the speakers have different linguistic backgrounds and the non-native
speakers have different levels of fluency in English. A possible topic for future study could
be to investigate this variation more carefully. For example, perhaps there are different
degrees of within-speaker variation in song than in speech. In general, studies comparing
native speakers to non-native speakers who all have the same first language would allow
for more systematic investigation of specific aspects of accents in speech and song.

Hagen et al (2011) suggest that it is more difficult to detect accents in song than in
speech because the rhythm and melody of the song partially masks intonation and stress.
The results from the studies presented here are consistent with their proposal: our stud-
ies consistently showed significant shifts in duration and pitch (acoustic realizations of
rhythm and melody) between song and speech, while F1 and F2 (acoustic characteristics
not directly tied to rhythm and melody) mostly remained stable across the two conditions
(with the exception of F2 values in native speakers in Study 3). The rhythm and melody
of a song overrides some of the natural intonational patterns of a speaker. Accent mark-
ers that relate to stress and intonation therefore do not come across as clearly in song as
in speech. The results of this study are thus compatible with the results of the studies
reported in Anderson-Hsieh et al (1992); Boula de Mareuil and Vieru-Dimilescu (2006);
Ulbrich and Mennen (2016); and Silva and Barbosa (2017) that conclude that prosody has

a crucial effect on the perception of accented speech.
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Appendix 1

The lyrics for the first two verses of Twinkle Twinkle Little Star.

Twinkle, twinkle, little star
How I wonder what you are
Up above the world so high
Like a diamond in the sky
Twinkle, twinkle little star

How I wonder what you are

When the blazing sun is gone

When he nothing shines upon
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Then you show your little light
Twinkle, twinkle, all the night
Twinkle, twinkle, little star

How I wonder what you are

Appendix 2

The beginning passage of Goldilocks and the Two Bears

Once upon a time there were three bears: A father bear, a mother bear and a little bear.
They lived all together in a yellow house in the middle of a big forest. One day, Mother
Bear prepared a big pot of delicious hot porridge for breakfast. It was too hot to eat, so
the bears decided to go for a walk while waiting for the porridge to cool. Near the forest

lived a little girl named Goldilocks.
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