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Abstract

It is usually taken as a given that humans can distinguish between when somebody is speaking or
singing. A growing body of work investigating how the domains of music and language overlap,
shows that the two not only share acoustic features such as pitch and rhythm but also have been
shown to share neural mechanisms. This perceptual boundary between speech and song is
elucidated by recent work into the so-called speech-to-song illusion. This illusion was presented
in the preliminary study by Deutsch et. al. (2011), showing how repetition of a certain phrase
would lead to it being perceived as song, as opposed to speech. Follow-up studies have shown
that the illusion is mediated by pitch and rhythmic features of the phrase and is furthermore
reduced in native speakers of a tone language compared to speakers of a non-tonal language. The
current study investigates how speakers of a pitch-accent language experience this illusion, in
order to observe whether the illusion is mediated by the prosodic system of one's language. In
order to investigate this, a behavioural experiment was conducted with native speakers of
Japanese and native speakers of Hiberno-English. The results of the study showed that contrary
to the hypothesised reduced effect for Japanese speakers, both groups of speakers showed similar
speech-to-song transformations. These findings are posited to potentially reflect a stronger
mediating effect of language background than what is currently thought, proposing further

cross-linguistic studies into this illusion.
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1. Introduction

Why is it that we process speech as speech, and song as song? The domains of language
and music both involve complex and meaningful sequences (Patel, 2010) with speech and song
acting as prototypical examples of the two respectively. The similarities between speech and
song have led to a substantial body of empirical evidence comparing and contrasting the two
processes (Tierney et al., 2013; Zatorre & Gandour, 2007). Evidence suggests that the brain
mechanisms involved in music and language processing interact, showing a bidirectional
music-language transfer effect through experience in either domain (Bidelman et al., 2013).

A recent area of interest for the boundary between music and language processing is the
so-called ‘speech-to-song’ (STS) illusion. The STS illusion refers to a dramatic shift in our
perception of short speech fragments, which when repeated, may start to be perceived as more
song-like than speech-like. The STS illusion was initially investigated via a behavioural
experiment in a paper by Deutsch et al. (2011). In this paper, 54 participants with at least nine
years of musical training took part in a two-part experiment. The first part of the experiment
consisted of a listening experiment, where participants listened to the phrase “sometimes behave
so strangely”, which was an extract of a female voice (Deutsch’s) taken from a CD recording.
Participants then rated the presented stimulus on a Likert scale ranging from 1 to 5, marked from
“exactly speech-like" to “exactly song-like”. The phrase was presented in three different
conditions: unmanipulated, transposed for pitch, and with jumbled syllables. After the first
phrase rating, the same phrase was presented again but was repeated ten times, with an interval
of 2300 ms, which the participants again rated on the same Likert scale. Figure (1) shows the

pitch contour of the unmanipulated stimulus used in the experiment.



FIGURE (1) | Pitch contour of unmanipulated stimuli used in Deutsch et al. (2011)
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This process was conducted for all three conditions. The second part of the experiment
included a production task, where participants imitated the same stimulus phrase before and after
repetition. The main findings of this paper show that, in the listening condition, song ratings
were low after initial hearing, but dramatically increased after repetition in the unmanipulated
condition, as well as in the transposed pitch condition, the latter with a less dramatic increase.
This finding reflects that pitch plays a role in the transformation of this illusion, as well as
highlighting that this illusion requires certain acoustic features in order for the stimuli to
transform. Furthermore, the results of the production task showed that imitation after repetition
resulted in less variance in pitch (FO) in comparison to the pre-repetition phrase imitation, further
supporting the hypothesis that repetition leads to an increase in song perception in certain
phrases. In sum, this preliminary study into the STS illusion laid the foundations for what is now
known about this perceptual illusion, providing compelling evidence that repetition induces a
shift in our perception from speech to song with certain phrases.

This perceptual illusion has been explored in a number of empirical studies, including
research into acoustic correlates of this illusion, showing that pitch is the most salient mediator
of the transformation from speech to song (Tierney et al., 2013). Other research has also shown
that there is a reduced STS illusion in native speakers of both Mandarin Chinese and Thai, both

of which are tone languages, compared to native speakers of German and Italian, both non-tonal
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languages (Jaisin et al., 2016). What has not yet been investigated in the domain of the STS
illusion, however, is how pitch-accent language speakers experience this illusion. Pitch-accent
languages, (further discussed in Section 1.2) much like tone languages, make use of pitch to
denote lexical meaning, however, unlike tone languages, they comprise a small number of
contrasting tones (Yip, 2002). Investigating the STS illusion in pitch-accent languages would
provide more insight into how the degree of tonality in a language influences the efficacy of the
illusion, adding to the growing body of work elucidating the relationship between language
experience and this illusion.

Moreover, research by Margulis et al. (2015) has shown that the language in which the
stimuli are presented (henceforth stimulus language) plays a role in the strength of the
speech-to-song transformation, with stimuli in a hard-to-pronounce language relative to one’s
native language showing stronger transformations than easy-to-pronounce languages (further
discussed in Section 1.4). Given the findings of these empirical studies, the current study aims to
address the gap in the field regarding pitch-accent, by observing the efficacy of the STS illusion
in native speakers of the pitch-accented language, Japanese, compared to speakers of the
stress-accent language speakers, Hiberno-English (the variety of English spoken in Ireland).
Furthermore, the findings of Margulis et al. (2015) will be further investigated, by looking into

whether native or non-native stimuli result in stronger STS transformations.

1.1 Acoustic Correlates of the Speech-to-Song Illusion

As outlined above, the STS illusion has been the topic of a myriad of empirical research
into the boundary between music and language (Tierney et al., 2013; Jaisin et al., 2016; Margulis
et al., 2015). Among these works are studies into the acoustic correlates of this STS illusion,
focusing on the acoustic features of transforming phrases.

A study by Tierney et al. (2018) investigated these acoustic features by manipulating
specific characteristics of speech to see which were causally related to perceiving a speech
segment as sung. The characteristics observed included within-syllable pitch contour, measured
by extracting the slope of each syllable’s pitch contour, and melodic structure, and musical beat

structure.



The study consisted of four experiments; one testing whether these characteristics were
predictive of the speech-to-song transformation, and three testing the causal role of each of the
observed characteristics. The experiment included 45 participants in total, who took part in all
four experiments. The stimuli consisted of 48 short phrases taken from audiobooks, which were
originally intended to be heard as speech, 24 which were chosen to elicit the illusion, 24 to act as
a control. The first experiment presented these 48 stimuli to participants without altering the
acoustic features of the stimuli. In each of the following experiments the stimuli were
manipulated in order to isolate each of the proposed acoustic correlates. The listening and rating
of the experiment echoed that of the preliminary study by Deutsch et al. (2011), in which
participants rated the presented stimuli on a one to ten Likert scale, ranging from ‘speech-like’ to
‘song-like’, both pre and post repetition.

The results from Tierney et al’s Experiment 1 showed a significant increase in
song-likeness rating from the initial hearing of the stimuli to the repetition section, suggesting
that repetition of certain stimuli increases the musicality of spoken phrases so that they will be
perceived as more song-like than speech-like after they have been repeated. Furthermore, the
increase in song-likeness ratings was correlated with beat variability and within-syllable pitch
slope. The results of Experiments 2, 3 and 4 showed that only within-syllable pitch slope
modulated the magnitude of the increase in song perception with repetition, with no significant
effects of musical beat structure or melodic structure. This study thus elucidates the significant
pitch and rhythmic features of speech relevant to the STS illusion. Namely, a stable/flat
within-syllable pitch slope acting as the primary mediator of the transformation with regular
beats mediating the transformation to a lesser degree.

The findings presented in the paper by Tierney et al. (2018) were alluded to in a paper by
Falk et al. (2014), which also investigated the acoustic properties that mediate the efficacy of the
STS illusion. Adding to the established finding that rhythmic features are determinants of the
illusion, Falk et al. (2014) provide evidence that, while pitch properties are the most reliable cue
for the transformation, regularly recurring temporal relations between accented and unaccented
intervals in the speech segment also mediate the transformation.

In sum, there is a strong body of empirical evidence investigating the acoustic correlates
of the STS illusion, which show that pitch and rhythmic features are modulators of the STS
illusion. Specifically, a stable or flat within-syllable pitch contour acts as the most salient
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acoustic cue for the perceptual transformation, with regularly recurring temporal relations

between accenting acting as a secondary modulator.

1.2 Language Tonality and the Speech-to-Song Illusion

The previous section highlighted that a number of empirical studies show that a stable
pitch contour is the most salient feature in what conditions the STS illusion transformation. Pitch
is defined as the perceptual correspondent of fundamental frequency (F0), which is the acoustic
signal of vocal fold vibrations (Yip, 2002). Pitch is an essential component of both music and
spoken language. It is one of the main dimensions of how music can be distinguished, conveying
information about tonality, harmonics, phrase boundaries, rhythm, and meter (Pfordresher &
Brown, 2009). Furthermore, it is one of the most salient aspects of an organised system of
musical elements (Patel, 2010).

The notion of pitch in language systems falls under the category of prosody. Despite the
fact that word prosody is a frequently investigated phenomenon in the field of linguistics, the
classification of languages into stress-accent (SA), tone (T) and pitch-accent (PA) languages
continues to pose as a challenge (Hyman, 2006). The definition of SA and T as presented by
Hyman (2006) are as follows:

(1) SA: A language with stress accent is one in which there is an indication of
word-level metrical structure meeting the following two criteria:

Obligatoriness: every lexical word has at least one syllable marked for the
highest degree of metrical prominence.

Culminativity: every lexical word has at most one syllable marked for the
highest degree of metrical prominence.

By this definition, languages with word-level metrical structure, such as English, are
considered stress-accent languages. SA systems are realised not by one phonetic feature but can
be potentially realised by multiple, such as duration, vowel quality and pitch (Gussenhoven &
Gussenhoven, 2004; Hyman, 2006). This adds to the difficulty in classifying languages strictly
into the three aforementioned categories. SA systems are, however, classified strictly as
assigning prominence to syllables, specifically minimally an obligatory head syllable per word,
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ruling out any languages which assign prosody to morae, such as Japanese, Safwa and Kinga

(Hyman, 2006).

(2) T: A language with tone is one in which an indication of pitch enters into the

lexical realisation of at least some morphemes

A tone language is thus defined as a language with word-level pitch features, such as
Mandarin Chinese or Thai, which, unlike SA languages, are realised by only one phonetic
feature: pitch, which is used to express lexical contrasts. Regarding the definition of PA language
systems, a number of definitions have been put forward, such as a very reduced tone system
(Hyman, 2006), and a language in which lexical tone does exist. However, unlike tone
languages, they comprise a small number of contrasting tones (generally one or two) (Yip, 2002).
While presenting a number of possible descriptions for the PA system, the paper by Hymann
(2016) concludes that no independent definition can be put forward due to the abstractness of
accent, as well as the fact that PA systems vary with regard to their inclusion of stress and tone.

A more recent approach to defining these three categories, SA, T and PA, has been to
consider the relationship between the three as a multi-dimensional continuum, accounting for
tonal density, i.e. the percentage of prosodic units which require a tonal feature, and criterion
inclusion (such as obligatoriness and culminativity) (Hyman, 2016). While not accounting for
metrical structure, the continuum presented in Figure (2) gives a shallow but clear image of how
these language systems would be ranked on a continuum when observing tonal density (Hyman,

2016).

FIGURE (2) | Prosodic category continuum based on language tonal density

English------- W. Basque------- Tokyo Japanese------- Luganda------- Mandarin Chinese

Figure (2) shows a continuum ranging from no lexical tone for the SA system on the left
to the T systems on the right. Under the definition by Hymann (2016), the languages W. Basque,
Tokyo Japanese, and Luganda are classed under the PA system, with the Japanese language being
arguably the most frequently investigated language in the pitch-accent category. The lexical

tones in a TA system usually belong to specific syllables or morae and may be either sparsely
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distributed or absent in some words, with the proportion of words that contain pitch-accent in
Japanese at just over 50 per cent (Gussenhoven & Gussenhoven, 2004). An illustration of how
pitch is used in Japanese is provided in Table (1) below, highlighting the restricted tone use in

Japanese, consisting only of high (H) and low (L) tones (Tsujimura, 1999).

Table (1) | Example of tone use in Japanese (adapted from, Tsujimura, 1999)

Unaccented Initial-accented Second-accented
hasi(-ga)® ha'si(-ga) hasi’(-ga)
LHH HL L LHL
“Handle” “Chopstick” “Bridge”

Considering the substantive amount of work which classifies Japanese under this
pitch-accent system, native Japanese speakers will be recruited to represent speakers of a
pitch-accent language for the purpose of this study. Japanese comprises a number of dialects,
most of which use lexical pitch, however, there are a number of dialects which are deemed
accentless, including Southern Miyagi, Southern Yamagata and the Fukushima dialect (Sato et
al., 2013). This difference in accenting across Japanese dialects will be accounted for in this

study by asking participants which dialects they speak in a post-experiment questionnaire.

1.2.1 Influence of Tone Language on Speech-to-Song Transformation

This distinction between the three proposed systems, SA, T and PA, presents an
interesting case for the investigation into the STS illusion, as it gives an insight into the distinct
profiles of lexical pitch processing across the three language types. Furthermore, the question as
to the extent to which this distinction in lexical processing can mediate the effect of the
perceptual transformation from speech to song is raised. This relationship has previously been
investigated by Jaisin et al. (2016), who conducted a study on whether natively speaking a tone

language influences the propensity for the STS illusion to transform, compared to speakers of a

! ga = Nominative morpheme in Japanese (Tsujimura, 1999)



non-tonal language. The authors conducted a behavioural experiment, including native speakers
of Mandarin Chinese and Thai, to test the effect on native tone language speakers, and native
speakers of German and Italian, as a control non-tonal language speaking group. While the STS
illusion had previously been tested with native German speakers, showing a significant
transformation for German stimuli (Falk et al., 2014), the illusion had not previously been tested
on speakers of Italian, Mandarin Chinese or Thai.

All participants were L2 speakers of English, which was included in the stimuli set, in
order to provide a reference for interpreting any potential language-specific effects. Participants
were presented with stimuli that had previously been shown to generate the STS illusion,
presented in all five languages: Mandarin Chinese, Thai, German, Italian and English. All
languages were presented to the participants in order to observe the previously established
finding by Margulis et al. (2015), showing higher transformation scores for stimuli in
hard-to-pronounce languages compared to ones native language.

The main findings of the paper showed that the STS illusion is reduced in native speakers
of a tone-language compared to native speakers of a non-tonal language, with the overall
strength of the speech-to-song effect across all language stimuli being relatively weak for
tone-language speakers. The author posits that these results could indicate that tonality of native
language may determine the extent to which prosodic pitch features are perceived as conforming
to musical or lexical melody. To conclude, the authors state that their findings are to be regarded
as evidence that the STS illusion is reduced in native speakers of tone languages, proposing that
further work including larger cohorts of tone language sampling would be necessary in order to
establish the reliability of the findings presented in their paper.

Considering the evidence provided by Jaisin et al. (2016), the current paper aims to
investigate the gap in the field of the relationship between languages with lexical tone and the
STS illusion, by investigating whether the illusion is also reduced in speakers of a pitch-accent
language. Empirical evidence from neuroimaging studies comparing pitch processing in tone
language and pitch-accent language speakers indicates that the two show similar pitch
processing, (Sato et al., 2007). Considering this, as well as the findings by Jaisin et al. (2016) a
reduced STS illusion effect is hypothesized for native speakers of a pitch-accent language

compared to speakers of a stress accent language, such as English.
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1.3 Neural Underpinnings of Pitch Processing in Speech and Song

Given the aforementioned overlapping acoustic features of both music and language, the
two domains have previously been explored with regard to high-level brain organisation via
electroencephalogram (EEG) and functional magnetic resonance imaging (fMRI) studies, for
example. While the vast majority of studies investigating the STS illusion consist of behavioural
studies, the neural underpinnings of the perceptual transformation were explored via an fMRI
study by Tierney et al. (2013). In this paper, 14 native English-speaking participants took part in
a brain imaging experiment, where they were exposed to three blocks of differing stimuli: the
speech block, in which previously attested non-transforming phrases were presented, the song
block, in which previously attested transforming phrases were presented, and finally, the silence
block, in which no stimulus was played, as a control . The stimuli were played through
CONFON headphones, which participants wore not only to listen to the stimuli, but also to
dampen the noise of the fMRI scanner, controlling for distracting acoustic interference. Both
speech and song blocks consisted of a 16-second stimulus repetition listening task, with a 500ms
interstimulus interval between each repetition. The blocks were presented in pseudorandom
order. During this listening task, participants were asked to mentally note whether the phrases
sounded more speech-like, or song-like, while their brain region responses were being recorded
via fMRI.

The main findings of the study show that, while there were no regions more highly
responsive to speech than to song, there were multiple brain regions that were more responsive to
song than to speech, consisting of areas that can broadly be divided into areas responsible for
pitch processing, and areas involved in vocalization and auditory-motor integration.
Furthermore, increased responses in song perception did not lead to an increase in response to
the primary auditory cortex. The authors indicate that these results reflect the processing
differences between speech and song, with increased demands on neural resources for song
perception than for speech perception. Moreover, these results support the claim made in the
behavioural study by Deutsch et al. (2011), which puts forward the idea that the STS illusion
reflects a shift in our perception from speech to song after repetition.

What the study by Tierney et al. (2013) also highlights is the processing differences of

pitch in music and language, showing differing brain activities for pitch processing in the two
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domains, conditioned by specific language experiences. This language-experience influence on
divergent pitch processing activities was explored by Zatorre & Gandour (2007) where the
authors give a state-of-the-art account of pitch processing differences in speakers of tonal and
non-tonal languages. While the authors acknowledge that a full understanding of pitch
processing across languages, as well as pitch processing in music, is still not fully available, a
strong body of evidence points to a divergence in hemispheric processing, determined by one’s
language experience of tonal or non-tonal languages. Specifically, the authors posit that in the
case where pitch patterns are phonologically significant, such as in tone languages, the pitch
processing is left-hemisphere lateralised; when it is not phonologically significant, such as in
non-tonal languages, pitch processing in right-hemisphere lateralised. Although this paper does
not directly address the processing of pitch in pitch-accent languages, it points towards
left-lateralisation, similar to tone languages due to pitch being phonologically significant in both.

Moreover, empirical research into the processing of lexical pitch in both Mandarin
Chinese and Standard Japanese, suggests that speakers of the two share similar neural
underpinnings of prosodic processing. A paper by Sato et al. (2007) investigates the neural
correlates of lexical pitch-accent processing in native speakers of Japanese, hypothesising that if
Japanese lexical pitch is processed like tones in Chinese and Thai, as elucidated by Zatore &
Gandour (2007), native Japanese speakers will show greater activation of the language-related
left frontal and tempo-parietal regions. 20 native speakers of the Tokyo dialect of Japanese took
part in a near-infrared spectroscopy recording experiment, in which they were presented with
sets of Japanese minimal pairs, that differed in pitch contour (HL vs LH). The stimuli consisted
of a four-condition block design paradigm, including (1) accent condition, (2) phoneme
condition, (3) variable words condition and (4) pure tone condition. Participants' hemodynamic
responses to the stimuli were recorded whilst the block design paradigm was presented. The
results of this study show that native Japanese speakers show higher activation in the left
tempo-parietal region, as well as the left frontal region during the perception of pitch pattern
changes associated with lexical items. The results presented in this study align with empirical
work on the processing of lexical tone in tone languages (Zatore & Gandour, 2007), highlighting
how both pitch-accent language prosody and tone language prosody are processed in the left

hemisphere, or language-specific domain.
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This finding is of interest as it shows, despite the divergence in how pitch is used in tone
languages such as Mandarin Chinese and Thai, to pitch-accent languages such as Japanese, that
there are apparent similarities in the processing of pitch. Investigating the effectiveness of the
STS illusion on native Japanese speakers would thus give insight as to whether the degree of

tonal use in a language influences this illusion or not.

1.4 Influence of Demographic Variables on the Speech-to-Song Illusion

Considering the fact that the STS illusion highlights the perceptual boundary between
music and language, a number of studies have investigated the influence of external factors on
the illusion, such as the influence of stimulus language, and musical experience/training,
(Margulis et al., 2015; Tierney et al., 2021).

A paper by Margulis et al. (2015) looked into the effect of stimulus language on the
propensity for the STS illusion to be elicited, by observing whether stimuli in
harder-to-pronounce languages relative to one’s native language resulted in lower transformation
scores than stimuli in a native language. The motivation for investigating this influence was
based on the empirical finding that transforming stimuli result in increased demands on neural
resources compared to non-transforming stimuli (Tierney et al., 2013), which the authors propose
could reflect a participatory stance of the listener, where they begin to sing the tune in their head
once it starts to transform. Based on this, the authors hypothesise a stronger transformation for
stimuli in one’s native language.

A behavioural experiment was carried out in order to test this hypothesis, including 24
native English-speaking participants. The stimuli were created based on one English phrase,
which was then translated into Catalan, Portuguese, French, Croatian, Hindi and Irish, resulting
in stimuli in seven different languages (including English as the control stimulus). While the
authors did not include the participant's various language backgrounds aside from their L1
(English, with multiple fluent speakers of a different L2), they conducted a post-experiment
questionnaire in order to account for how hard to pronounce the participants deemed each of the
stimuli. The results showed that Catalan and Portuguese were considered easy to pronounce by

the English-speaking participants, French and Croatian were considered relatively harder to
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pronounce, and Hindi and Irish were considered hard to pronounce. In order to test for the
speech-to-song transformation, the study utilised a similar set-up to the one presented in the
initial study by Deutsch et al. (2011), with a Likert scale from 1, “sounds exactly like speech”, to
5, “sounds exactly like song”. The listening and pre and post-repetition rating procedure also
duplicated the preliminary STS illusion experiment by Deutsch et al. (2011). The results of the
behavioural experiment showed that contrary to the proposed hypothesis, the
harder-to-pronounce languages were more susceptible to the STS transformation, showing that
the more difficult participants rated the pronunciation of the language, the higher transformation
scores they showed. What the authors propose regarding the outcome of the experiment, is that
languages that are native, or rated relatively easy to pronounce are captured most successfully by
the speech processing circuitry, making them more resistant to being processed by other
perceptual mechanisms. The results of the paper by Margulis et al. (2015) were further replicated
in a later study by Castro et al. (2018), which provides evidence for a stronger STS
transformation with repeated speech in an unfamiliar language.

Additionally, studies investigating whether musical experience plays a role in how
successfully the STS illusion transforms show that musicians and non-musicians show no
significant difference in their STS transformations (Vanden Bosch der Nederlanden et al., 2015;
Tierney et al., 2021). While the paper by Tierney et al. (2021), provides evidence in favour of a
universally transforming effect across both musicians and non-musicians, the authors did show
that the ability to direct attention to pitch and beat perception during the illusion was a predictor
of how strongly the illusion elicits a transformation. What is thus concluded from this paper, is
that while musical training or experience does not mediate the perceptual transformation,
musical aptitude can be considered a key factor in determining how strongly the transformation
is experienced. Contrary to the findings of Vanden Bosch der Nederlanden et al. (2015) and
Tierney et al. (2021), however, a paper by Groenveld et al. (2020) showed that musical
sophistication, determined via a Gold-MSI self-report inventory (Miillensiefen et al., 2014),
resulted in a reduced speech-to-song transformation. Unlike the binary splitting of musicians and
non-musicians used in previous investigations into demographic variables, this alternative way of
modelling the effect of musical background for the STS illusion enables the observation of

particular aspects of musical background which influence the transformation effect.
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In sum, the current body of work into the influence of demographic variables on the STS
illusion shows that stimulus language influences the strength of the perceptual transformation,
with languages that are harder-to-pronounce relative to one’s native language showing stronger
transformations. Furthermore, while there is evidence showing similar experiences of the STS
illusion across musicians and non-musicians, there is also evidence that musical sophistication
does play a role in how successful the illusion is. Considering the findings of these empirical
studies, the current paper aims to further investigate the effect of stimulus language on how
effective the illusion transforms, by including monolingual Japanese and Hiberno-English
speakers and presenting stimuli in Japanese and English to both groups. Moreover, a subset of
questions from the Gold-MSI self-report inventory will be included in a post-experiment

questionnaire, in line with the work of Groenveld et al. (2020).

1.5 Current Study

Considering the gap in the field with regards to how natively speaking a pitch-accent
would influence the efficacy of the STS illusion, the primary aim of the current study is to
investigate the relative strength of the illusion in native Japanese speakers, by asking the research
question: whether the speech-to-song illusion is reduced in native speakers of a pitch-accent
language compared to speakers of a stress-accent language. In line with the findings of Jaisin et
al. (2016) and Sato et al. (2007), the speech-to-song illusion is predicted to be reduced in native
speakers of a pitch-accent language compared to speakers of a stress-accent language. Moreover,
in order to further investigate the findings of Margulis et al. (2015), the following research
question 1is proposed: whether stimuli in a non-native language result in higher STS
transformation scores than stimuli in a native language. Higher transformation scores for stimuli
in a non-native language compared to stimuli in a native language is hypothesised.

The proposed research questions will be explored via a listening-and-rating behavioural
study replicating the set-up of established studies on the STS illusion (Deutsch et al., 2011;
Tierney et al., 2013; Margulis et al., 2015). Participants will consist of native Japanese speakers,
for the PA language group, and Hiberno-English for the SA language group. Hiberno-English is
the variety of English spoken in Ireland. While there has been little explicit study done on the
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prosody of this vernacular, there is evidence that there is not much variation between
stress-assignment between Hiberno-English, and other vernacular of English in the British Isles
(Grabe et al., 2005), eluding to a similar SA system across these variations of English.

The goal in undertaking this study is to provide further insight into how language
background and stimulus language mediate the efficacy of the STS illusion, with the broader

goal of narrowing the understanding of the overlap in perception between language and music.

2. Methodology

This study was approved by the ethics committees of the Faculty of Humanities of the

University of Amsterdam, filed and approved under the alphanumeric code: FGW-893 2023.

2.1 Participants

Thirty-nine adult speakers between the ages of 18 and 29 years old (mean: 24.6)
participated in the experiment: 19 native speakers of Japanese, and 20 native speakers of
Hiberno-English acting as a control group. Only monolingual speakers were included as to avoid
the potential influence of L2 experience on the results of the experiment. Data from three
participants were disregarded as they were outside of the age range specified, as well as data
from one native Japanese speaker as they resided in the US, where exposure to English could not
be controlled. In total, data from 35 participants was included in the final analysis: 16 native
monolingual speakers of Japanese, and 19 native monolingual speakers of Hiberno-English.

All participants reported normal or corrected to normal hearing, with no history of
neurological impairment, language disorder, or learning disability. Participants were recruited
through word-of-mouth promotion, as well as promotion via personal social media platforms.

Informed consent (Appendix 6.1) was obtained from all participants prior to the experiment.
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2.2 Stimuli

The phrases for the Japanese stimuli set were obtained via personal communication with
a Japanese collaborator (Tanaka, personal communication, April 2023). The stimuli consisted of
12 Japanese utterances, all spoken by a native female Standard Tokyo Japanese speaker, whose
dialect includes pitch-accent. The stimuli were further cut into shorter speech segments via Praat
software (Boersma & Weenick, 2023) in order to match the Tierney stimuli set for duration as
closely as possible. The cut segments were further edited to comply with natural-sounding
speech breaks, in accordance with advice from a native Japanese speaker.

In order to test whether the Japanese stimuli had the potential to elicit the STS illusion, a
pre-test experiment was run, including seven native English speakers. All of the previously
mentioned edited Japanese stimuli were presented in the same initial listening, repetition and
Likert-scale response sections as will be described in Section 2.3 below for the main experiment.
The results from the native English speaking participants in the pre-test showed that 15 of the
tested stimuli successfully elicited the illusion and were thus utilized for the purpose of the main
research experiment. The Japanese stimuli had an average duration of 1.39 s and an average
pitch of 270.5 Hz.

The phrases for the English stimuli set were derived from the study by Tierney et al.
(2013) in which 24 spoken phrases were shown to have a strong speech-to-song effect after
repetition. These phrases were obtained from audiobooks and taken from passages intended to be
heard as speech, recorded by multiple male and female voices. In order to match the number of
stimuli in both language sets, the 15 most successfully transforming” stimuli from the Tierney et
al. (2013) set were used. These 15 stimuli had an average duration of 1.18 s, and an average pitch
of 146.58 Hz. Figures (3) and (4) illustrate an example of the pitch contour of the Japanese and
English stimuli. Further stimuli details can be found in Appendix 6.3.

2 Successfully transforming stimuli from the study by Tierney et al. (2013) were ranked from (1) to (24),
with (1) showing the highest S2S transformation scores. Stimuli ranked (1) to (15) were included for the purpose of
this study.
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All of the stimuli from both the English and Japanese sets were normalized for volume

and edited via Praat to remove any abrupt artefacts of cutting, in order to keep the stimuli as

naturally speech-like as possible. The full list of both stimuli sets can be found in the appendix.
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TABLE (2) | Stimuli duration and pitch mean & standard deviation

Duration: SD Pitch: Mean

Duration: Mean (s Pitch: Mean SD (Hz,

(s) s) (Hz) (Hz)
Japanese Stimuli 1.39 0.24 270.5 65.56
English Stimuli 1.180 0.28 146.58 22.99

2.3 Procedure

The experiment was administered to participants online, via Experiment Designer
software (Vet, 2023) with instructions to carry out the experiment with headphones on, in a quiet
environment. The online experiment consisted of two sections. The first, a listening experiment,
consisted of 60 stimuli, the finalised stimuli in Japanese and English, as discussed in the
preceding section, which were presented twice; once in the initial hearing, and again in the
repetition section, played in sequence. The second part of the experiment consisted of a
questionnaire, asking about the participant’s language background and musical experience.

For each of the stimuli, participants were presented with (1) an initial hearing, followed
by (2) a repetition section. During the repetition section, each speech segment stimulus was
repeated 8 times in sequence, with a 400ms pause between each of the repetitions in order for the
conditions to allow for the STS illusion to be elicited most successfully, in line with Falk et al.
(2014). After both sections (1) and (2), participants were presented with a Likert-scale ranging
from 1 to 7, with 1 corresponding to “speech-like”, and 7 corresponding to “song-like”, and were
asked to rate the stimulus both pre and post-repetition according to the Likert-scale. Stimuli were
presented in a randomized blocked order in an ABBA or BAAB format (Japanese, English,
English, Japanese, or English, Japanese, Japanese, English) across the participant groups.

Once the participants had listened to and rated all 60 stimuli, they were asked to take part
in a short questionnaire. The participants were asked for their age and gender, followed by a
number of questions pertaining to their language background, including which dialect of English
or Japanese they spoke. The final part of the questionnaire consisted of a sub-scale of questions
extracted from the Gold-MSI self-report inventory, as mentioned in Section 1.3, pertaining to
participants' musical sophistication and training. Both English version (Miillensiefen et al.,
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2014), as well as the validated Japanese version (Sadakata et al., 2022), were utilised in this
study.

Finally, participants were presented with an open question, pertaining to their experience
of the illusion in order to be able to elucidate on and discuss unexpected results if the hypotheses
were not borne out. The experiment process took between 15-20 minutes in total. Both versions

of the questionnaire, English and Japanese, can be found in the appendices (Section 6.4).

2.4 Data Analysis

In accordance with the literature, a significant effect of Native Language, with the native
English-speaking group showing higher STS transformation scores than the native
Japanese-speaking group, is expected (Jaisin et al., 2016). Furthermore, there is an expected
significant interaction between the two independent variables; Native Language and Stimulus
Language, reflecting higher transformation scores for stimuli presented in the non-native
language compared to stimuli in the native language (Margulis et al., 2015).

As mentioned, the participant's responses to the experiment were measured by
responding to a Likert scale ranging from 1 to 7. These ratings were recorded both pre- and
post-repetition. For the purpose of this experiment, the STS illusion was defined operationally as
the difference in song-likeness rating post-repetition compared to the initial pre-repetition rating
(henceforth transformation score). The effect of the illusion will be tested for significance for
each Native Language x Stimulus Language (Native English x English Stimuli, Native English x
Japanese Stimuli, Native Japanese x English Stimuli, and Native Japanese x Japanese Stimuli),
via a paired t-test on the pre and post-repetition ratings (see Table (3)).

In order to test for the abovementioned hypothesised effects, a two-way mixed ANOVA
was employed, with Native Language (Japanese or English) as an independent, binary,
between-group variable, Stimulus Language (Japanese or English) as an independent, binary,

within-group variable and transformation score, as the continuous dependent variable.
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TABLE (3) | Analysis Scheme: Transformation scores for Native Language x Stimulus Language

Native English Speakers Native Japanese Speakers
Bty St Native Englzsh x English Native Japa.nese'x English
Stimuli Stimuli
e Sl Native Englfsh x Japanese Native Japan.ese X Japanese
Stimuli Stimuli

Regarding the two-way mixed ANOVA analysis results, in the case that the English
native-speaking group show a correlation with high song-likeness rating, and the native
Japanese-speaking group does not, the hypothesis, that the STS illusion is reduced in speakers of
a pitch-accented language compared to speakers of a non-pitch-accented language, is borne out.
In the case that there is no significant cross-group difference in song-likeness rating, the null
hypothesis, that the STS illusion is not reduced in speakers of a pitch-accented language
compared to speakers of a non-pitch-accented language, is borne out.

In the case that there is a significant interaction between Native Language and Stimulus
Language, the hypothesis that stimuli in a non-native language will show higher speech-to-song
transformation scores than stimuli in a native language is borne out. If there is no significant
interaction between Native Language and Stimulus Language, the null hypothesis, that
unfamiliar language stimuli do not lead to a stronger STS illusion than stimuli presented in an

unfamiliar language, is borne out.

3. Results

The data for each of the participants were collected in an Excel file, sorted by the first
independent variable: Native Language, the second independent variable: Stimulus Language,
and finally by the dependent variable; the speech-to-song transformation scores. All statistical

tests were conducted using the programme RStudio (Posit team, 2023).
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3.1 Transformation Effect

For the purpose of this study, the STS illusion effect was defined operationally as any
difference in post-repetition scores compared to the pre-repetition scores, which was obtained by
subtracting the post-repetition Likert-scale score from the initial/pre-repetition Likert-scale score.
The data from both groups showed to be normally distributed, which was tested via a
Kolmogorov-Smirnov Test (p-value 0.3187). In order to confirm a transformation effect across
all groups, a paired t-test was conducted on the pre-repetition and post-repetition scores of the

four groups:

(1) Native English speakers rating English stimuli,
(2) Native English speakers rating Japanese stimuli,
(3) Native Japanese speakers rating English stimuli, and finally

(4) Native Japanese speakers rating Japanese stimuli.

The results of the four paired t-tests can be seen in Table (4), which shows the average
transformation scores of each of the groups, as well as their significance. Given the significance
of the four groups, all being below 0.01, it can be concluded that all groups showed a significant

transformation score.
TABLE (4) | Transformation scores across both Native Language & Stimulus Language

Native Stimulus

Mean SD t-statistic DF p-value
Language Language
English 1.189 1.342 -15.557 284 <0.01
English
Japanese 0653 1.139 -9.671 284 <0.01
English 1.9 1.923 -16.267 239 <.001
Japanese
Japanese 1.204 1.655 -11.867 239 <.001
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3.2 Results of the Two-way Mixed ANOVA

In order to examine the main research question: Whether the speech-to-song illusion is
reduced in native speakers of a pitch-accent language compared to speakers of a stress-accent
language and the sub-research question: whether stimuli in a non-native language resulted in
higher speech-to-song transformation percentages than stimuli in a native language, a two-way

mixed ANOVA was conducted, with the variables as explicated in Section 2.4.

3.2.1 Effect of Native Language

In line with the hypothesis for the main research question; that the STS illusion is
reduced in speakers of a pitch-accented language compared to speakers of a stress-accent
language, a main effect of Native Language was predicted, with native speakers of Japanese
showing lower transformation scores compared to native English speakers. The results show that
there was no significant effect of Native Language (F(1) =4.086, p = 0.0515) meaning that there
is not sufficient evidence to reject the null hypothesis. Namely, the STS illusion is not reduced in
speakers of a pitch-accented language compared to speakers of a non-pitch-accented language.
Speech-to-song transformation effects are summarized for Native Language across the combined

stimulus types in Table (5).
TABLE (5) | Results of two-way mixed ANOVA: Native Language x transformation scores

Df Sum sq  Mean sq f-value p-value

Native Language 1 103.8 103.8 4.086 0.052

3.2.2 Effect of Stimulus Language

Regarding the sub-research question, the hypothesis, that stimuli in a non-native language
would show higher transformation scores than stimuli in a native language, was put forward.
Higher transformation for Japanese stimuli than the English stimuli for the native
English-speaking group, and higher transformation for the English stimuli than the Japanese

stimuli for the native Japanese-speaking group was thus expected. The hypothesis for the
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sub-research question would be borne out with no significant effect of Stimulus Language, and a
significant interaction between Native Language and Stimulus Language. The results of the
two-way mixed ANOVA showed that there was a significant main effect of Stimulus Language,
showing that English stimuli (M =1.514, SD = 1.669) showed significantly higher transformation
scores than the Japanese Stimuli (M = 0.905, SD = 1.424, F(1) =29.374, p =<.001) across both
groups of speakers. STS transformation effects are summarized for Stimulus Language across the
combined participant groups in Table (6). Figure (5) shows the mean STS transformation scores
across both independent variables, Native Language and Stimulus Language in a box plot The

data points located outside the whiskers of the b plot represent the outliers.
TABLE (6) | Results of two-way mixed ANOVA: Stimulus Language x transformation scores

Df Sum sq Mean sq f-value p-value

Stimulus Language 1 97.52 97.52 29.374 <.001

FIGURE (5) | Mean speech-to-song transformation ratings for each Native Language and Stimulus Language.
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3.2.3 Interaction between Native Language & Stimulus Language

As previously mentioned, an interaction between Native Language and Stimulus
Language was hypothesised. The results of the two-way mixed ANOVA analysis showed no
significant interaction between the two independent variables, meaning that the initial hypothesis
for the sub-research question hypothesis was not supported by the data. Table (7) shows the

interaction between Native Language and Stimulus Language across all transformation scores.

TABLE (7) | Results of two-way mixed ANOVA: Native Language x Stimulus Language

Df Sum sq Mean sq f-value p-value

Native Language *

S e 1 1.65 1.65 0496 0.486

3.3 Summary of Main Findings

In sum, the results revealed that the two groups, native Japanese speakers, and native
Hiberno-English speaking groups did not significantly differ from each other in speech-to-song
transformation scores across all stimuli. Moreover, there was a significant main effect of
Stimulus Language, with the English stimuli exhibiting significantly higher transformation
scores than the Japanese stimuli across both native speakers of Hiberno-English and Japanese.
Finally, there was no significant interaction between the two independent variables Native
Language and Stimulus Language. The mean ratings for the groups (1)-(4) as described in
Section 3, are presented in Figure (6), showing the trajectory from pre-repetition score to
post-repetition score. From this graph, we can see the native English-speaking group rated the
Japanese stimuli with a high “song-like” score for the initial hearing. The ratings across both
groups for the English stimuli show similar initial hearing “song-like” scores, with the native

Japanese speakers showing a stronger transformation than the native English-speaking group.
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FIGURE (6) | Mean speech-to-song transformation ratings for pre-repetition and post-repetition ratings.
Blue coloured lines represent native English speakers, black coloured lines represent native Japanese
speakers, solid lines represent English stimuli, dotted lines represent Japanese stimuli.
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4. Discussion

In this study, the research questions; whether the speech-to-song illusion is reduced in
native speakers of a pitch-accent language compared to speakers of a stress-accent language and
whether stimuli in a non-native language resulted in higher speech-to-song transformation
scores than stimuli in a native language were investigated by means of a behavioural
experiment. The results of the listening experiment showed that both hypotheses, proposed in
Section 1.5 were rejected. While all of the stimuli, both Japanese and English, showed significant
speech-to-song transforming scores, there was no significant main effect for Native Language. In
line with the study by Jaisin et al. (2016), which showed a reduced STS illusion effect in tone
language speakers compared to stress-accent language speakers, a reduced transforming
speech-to-song effect was expected for the native Japanese speaking group than the native

Hiberno-English speaking group. The hypothesized correlation between native speakers of a
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tonal language, and Japanese, a pitch-accent language, was posited according to the findings of a
study by Sato et al. (2007), who show similar neural activations for native speakers of tone
languages and Japanese in pitch processing. As the effect of Native Language proved to be
insignificant in the current study, the proposed hypothesis is not supported.

The results regarding the effect of Stimulus Language on the transformation scores
showed significance, with the English stimuli resulting in higher transformation scores than the
Japanese stimuli. While no significant effect of Stimulus Language was posited, a significant
interaction between the two independent variables Native Language and Stimulus Language was
hypothesised, in line with empirical evidence showing a stronger transformation effect for
stimuli in a non-native language (Margulis et al., 2015). The outcome of the analysis did not,
however, yield in favour of this hypothesis, with no significant interaction between the
aforementioned variables being reported.

Overall, while none of the predicted hypotheses were borne out, a main effect of Stimulus
Language was found, with English stimuli showing significantly higher transformation scores
than the Japanese stimuli across both groups. This result could be interpreted as reflecting a
general propensity for the English stimuli, obtained from an established set of transforming
stimuli, proven to result in high transformation scores (Tierney et al., 2013). Contrarily, the
edited Japanese stimuli set has not been tested on a population prior to the current study. The
acoustic correlates of the stimuli would potentially need to be reevaluated and tested on a larger
cohort of participants in order to substantiate the set as an effectively transforming set of stimuli.
An alternative explanation for the higher transforming English stimuli could potentially reflect

the rhythmic features of the Japanese language, which will be further explored in Section 4.2.

4.1 Qualitative results

As mentioned in Section 2.3, participants took part in a questionnaire, asking about
language background and musical experience, as well as an open question, enquiring into how
the participants experienced the STS illusion, if at all. The qualitative results from this open
question provided some interesting discussion points regarding the findings from the data
analysis. Namely, two strong trends could be seen in the participant’s responses; the noting of the

thythmic features of the stimuli, as well as highlighting the higher likelihood of song-like
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transformations when the stimuli were presented in a non-native language. Tables (8) and (9)

below provide some extracted examples, demonstrating these two trends.

TABLE (8) | Questionnaire extracts from native English speaking group

Extract from Native English Speakers Trend

“I found it interesting how things began to sound more Rhythmic features
rhythmic after they were repeated.”

“When it repeated, it sounded more musical but especially

. i Non-native transformation
when it was Japanese.

“The repetition of the phrases in their rhythm appeared to

be more song-like” Rhythmic features

“The more I listened the more I picked up a song and

repeated the beats” Rhythmic features

TABLE (9) | Questionnaire extracts from native Japanese speaking group

Extract from Native Japanese Speakers ° Trend

“I experienced speech to song illusion, especially when Non-native transformation
I heard English sentences.”

“felt rhythmic to me.” Rhythmic features

“English stimuli sounded more like a song than

: . v Non-native transformation
Japanese stimuli to me.

“Non-Japanese stimuli transformed upon repetition.” Non-native transformation

“When repeated 10 times, the English speech sounded

.. . Non-native t fi ti
more significantly like a song than Japanese.” on-native transtormation

The results regarding the rhythmic features did not elucidate whether either language
showed a higher prevalence for this trend, however, the native English-speaking group did report

this trend more frequently than the native Japanese-speaking group. This trend is of interest

? The questionnaire extracts from the Japanese speaking group were translated into English by a native
Japese speaker.

28



when acknowledging the empirical evidence showing that rhythmic features of speech or a
secondary mediator of this illusion, with the pitch being the highest predictor of a transformation
(Tierney et al., 2018). With the English stimuli being taken from an established and well-attested
transforming set (Tierney et al., 2018), it could be posited that the participant's answers regarding
the rhythmic features could be largely in response to the Japanese stimuli set, which had
previously not been tested in other studies investigating the STS illusion. These answers could
potentially reflect the influence of a language's rhythmic features on how successfully their
stimuli induce the perceptual transformation. This issue will be further explored in the following
section.

The trend of non-native transformation was of interest with respect to the sub-research
question, which posited a higher transformation for stimuli presented in a non-native language.
The results of the data analysis showed, however, that this hypothesis was not borne out. The
frequent mention of the non-native stimuli transforming more successfully than stimuli in a
native language was particularly notable in the native Japanese-speaking group. Interestingly,
from Figure (7) in Section 3.3, a high rating for non-native stimuli (Eng-JP and JP-Eng) can
clearly be observed. This would indicate that due to an initial high song-like rating, the
transformation scores were reduced, without showing low “song-like” scores for any of the
non-native stimuli. This initial higher rating of non-native stimuli can also be seen in the study
which motivated the sub-research question, by Margulis et al. (2015). In their results, there is a
clear trend in participants' responses to the initial playing of the non-native languages, showing
that the more dissimilar a language is to one’s native language, the higher the initial “song-like”
score is.

The results of the current paper could thus reflect this finding by Margulis et al. (2015),
or alternatively reflect the issue of stimuli matching across the English and Japanese stimuli. As
mentioned, the Japanese stimuli set were not previously tested for the speech-to-song
transformation, so it is possible that the inability to match acoustic features, such as pitch
contour, across the two sets of stimuli, influenced the propensity for the Japanese stimuli to
transform for both native English speakers, as well as native Japanese speakers. An overview of

the tallied trend responses can be seen in Table (10).
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TABLE (10) | Tallied trends from quantitative results

Grou Mention of Mention of Higher Transformation
P Rhythmic Features of Non-native Stimuli
Native English Speakers 3 1
Native Japanese Speakers 1 4

4.2 Potential Influence of Language Specific Prosodic Features

As previously discussed, two of the main mediators of the speech-to-song transformation
are pitch contour, being the most influential factor (Tierney et al., 2018), and regularly recurring
temporal relations between accented and unaccented intervals acting as a secondary mediator
(Falk et al., 2014). An interesting question in the investigation into the STS illusion is how
specific acoustic features of a language can influence how the illusion is experienced for
speakers of languages with differing prosodic features, such as rhythmic classification and pitch
stability.

The rhythmic features of Japanese and English fall under two different categories of
linguistic-thythm classification; the former being mora-timed, the latter, syllable-timed. This
distinction reflects how language systems split up recurring speech units, which can be intervals
between stress units, rthythmic feet, syllables or morae (Grabe & Low, 2013). One of the most
notable features of mora-timed languages is that they are characterized by each speech unit being
equally timed (Tsujimura, 1999). This feature of Japanese proves of interest for the current study,
as it appears to align with the rhythmic conditions necessary for the STS illusion to result in a
transformation. As can be seen in Figure (6) in Section 3.3, the native English speakers showed a
relatively high mean score for the pre-repetition Japanese stimuli, which in turn led to a reduced
overall transformation effect. Considering the fact that the rhythmic features of a phrase act as
secondary mediators of the STS illusion, with pitch contour acting as the primary mediator, it
could be posited that, in the case that the rhythmic features of a phrase are more prominent in
perception than pitch, that the overall transformation effect of the illusion is reduced. This could

reflect the numerous open-question responses from native English speakers regarding rhythmic
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features, as well as their average initial high song-like scores, but overall low transformation
scores.

Furthermore, the fundamental pitch contour differences in Japanese and English may
have influenced the results of the current study. The issue with conducting a cross-linguistic
study with the aim of comparing transformation scores which are mediated by particular acoustic
features is that these features differ greatly from language to language. As mentioned, Japanese
is both a pitch-accent language, using variation in FO to denote lexical meaning, as well as
consisting of near-equal duration intervals (Tsujimura, 1999) meaning that the rate of FO change
does not tend to follow the trajectory of a stable pitch contour. Considering both rhythmic and
pitch features of Japanese discussed in this section, it could be posited that the rhythmic features
resulted in initial high scoring of the Japanese stimuli by native English speakers, while the
restriction in terms of pitch contour stability may have resulted in the overall low transformation
scores.

Further research investigating the influence of language-specific acoustic features on the
transformability of this illusion could potentially elucidate this seemingly complex relation
between stimulus language and its perception across speakers of different languages. While the
current empirical evidence suggests that a stable pitch contour is the most salient mediator of the
illusion, this has only been shown to be reliable in speakers of a non-tonal language. Future
cross-linguistic studies could investigate whether an alternative approach in terms of stimuli
acoustic features, could provide more insight into how universal these proposed mediators of the

STS illusion are.

4.3 Conclusion

To conclude, the present study adds to the gap in the literature regarding the efficacy of
the STS illusion in native speakers of a pitch-accent language. While the results of the
experiment did not align with the hypotheses, they did show a significant effect of Stimulus
Language on the transformation. This unexpected outcome raised a number of interesting
discussion points with regard to cross-linguistic work into the STS illusion. Namely, the question
as to whether the current proposed mediators of the illusion, such as a stable pitch contour, can

be generalised to speakers of differing language backgrounds. A further larger-scale,
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cross-linguistic study including stimuli from a constructed language, where acoustic features can
be finely manipulated could potentially give further insight into this question. Furthermore, the
findings presented in this study may reflect that the degree of tonal use in a language can mediate
the effect of the speech-to-song illusion, resulting in a variance in the efficacy of this illusion
between pitch-accent and tone language speakers. Future work comparing the illusion in the
aforementioned groups would be necessary in order to understand the relationship between the
role of pitch in a language and the efficacy of the STS illusion.

One challenge faced in the undertaking of this study was the matching of English and
Japanese stimuli. While duration was matched as closely as possible, speaker's pitch range
(reflected in stimuli from male and female speakers for the English stimuli, and only female for
Japanese stimuli), and pitch contour were not controlled for. This variance in pitch properties
may have influenced how comparable the two stimuli sets were, which may in turn have affected
the experiment outcomes. While the issue of stimulus matching across languages was discussed
in the previous section, future studies could look into how these aspects can be controlled and
matched, without altering the naturalness of the stimuli.

In sum, this paper adds to the body of literature investigating this perceptual border
between speech processing and song processing, adding to the research into how language
background modulates the STS illusion. This contribution to the body of work on the STS
illusion furthers the knowledge of the overlapping processes of language and music, offering

further insight into how our mental representations across the two domains interact.
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6. Appendices

6.1 Information Brochure

6.1.1 English Information Brochure

Dear participant,

You will be taking part in the ‘Speech or song? Investigating the efficacy of the speech-to-song
illusion in native speakers of a pitch-accent language’ research project conducted by Martha
Nobbe Smyth under supervision of Dr. M. Sadakata and Dr. B.M. van ‘t Veer at the University of
Amsterdam, Department of Linguistics. Before the research project can begin, it is important that

you read about the procedures we will be applying. Make sure to read this brochure carefully.
Purpose of the research project

When do you know whether somebody is speaking or singing? It may seem obvious; however,
speech and song are remarkably similar in their acoustic features, both involving meaningful
sequences and involving the human voice. A naturally occurring boundary between speech and
song is highlighted via the so-called “speech-to-song illusion”, a dramatic shift in the perception

of speech to sound more song-like after multiple repetitions.

Over the course of this research, I aim to further investigate the phenomenon of the
speech-to-song illusion, by observing how effective this phenomenon is across different
languages. Previous research has shown that one’s native language background does impact the
extent to which the speech-to-song illusion can be elicited, providing interesting context for the
current research project being undertaken. Data provided by participants via the listening
experiment will enable the comparison of the efficacy of the perceptual illusion
cross-linguistically, adding to the body of established work on this phenomenon. This will
furthermore help us understand which features of speech lead to this illusion. I believe this
research is of importance as it aims to offer insight into the overlap in processing between music

and language, helping us to further understand how these two domains are cognitively linked.
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Who can take part in this research?

We are inviting monolingual native English, and native Japanese speakers over the age of 16
years old to take part in this research. Before the experiment begins, you will be asked some
questions about your hearing and eyesight. You may wear glasses, contact lenses or hearing aids.
You will also be asked several questions about your musical experience and language
background. You can take part in this research project if English is your mother tongue, and you
were brought up in a bilingual household. We also need to make sure that you do not, to the best

of your knowledge, have any language problems such as dyslexia or a specific language disorder.
Instructions and procedure

In order to participate in this experiment, you must have access to a device with working sound
in order to listen to multiple media files, as well as a quiet environment. Headphone wearing is
preferable. During the first part of the experiment, you will be asked a number of questions
pertaining to your language background, musical experience and general information. The
second part of the questionnaire will include a listening experiment, in which brief speech
samples will be initially played once. You will then rate this on a 7-point scale, ranging from
“more speech-like” to “more song-like”. After registering your response, the same speech
segment will be played multiple times, followed by the same 7-point scale rating, which you will

again be asked to respond to. The total duration of the experiment will be 15-20 minutes.
Voluntary participation

You will be participating in this research project on a voluntary basis. This means you are free to
stop taking part at any stage. This will not have any consequences and you will not be obliged to
finish the procedures described above. You can always decide to withdraw your consent later on.
If you decide to stop or withdraw your consent prior to publication of the research results, all the
information gathered up until then will be permanently deleted. However, if information has
been anonymized, it cannot be deleted because it is not possible to trace back the information to

individual participants.
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Discomfort, Risks & Insurance

The risks of participating in this research are no greater than in everyday situations at home.
Previous experience in similar research has shown that no or hardly any discomfort is to be
expected for participants. For all research at the University of Amsterdam, a standard liability

insurance applies.
Confidential treatment of your details

The information gathered over the course of this research will be used for further analysis and
publication in scientific journals only. Your personal details will not be used in these

publications, and we guarantee that you will remain anonymous under all circumstances.

The data gathered during the research will be encrypted and stored separately from the
personal details. These personal details and the encryption key are only accessible to members of
the research staff. Anonymous data will be stored for a period of a minimum of 10 years. The
personal data will only be stored as long as is necessary for the research and will be deleted as

soon as possible.
Further information

For further information on the research project, please contact Martha Nobbe Smyth (email:
martha.nobbe.smyth@student.uva.nl), Dr. M. Sadakata (email: m.sadakata@uva.nl) or Dr. B.M.
van ‘t Veer (phone number: +31 20 525 38 72; email: b.m.vantveer@uva.nl; Spuistraat 134, 1012
VB Amsterdam, 6.38).

If you have any complaints regarding this research project, you can contact the secretary of
the Ethics Committee of the Faculty of Humanities of the University of Amsterdam,
commissie-ethiek-fgw(@uva.nl, phone number: +31 20 — 525 3054; Binnengasthuisstraat 9, 1012
ZA Amsterdam.
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6.1.2 Japanese Information Brochure

SINE D EH

CDEEET7TLRTIVELKREZORETOD N TELEEI DM ? EEEEDOEERICHE
REFOTWEE, HYNESTEVWET , COMRIXT LRTILE ARZEDEAITFE
#HiZ.B.M. van 't Veeri#ffi. RURRXFRFOAPELELIZNDIEEDNL L, Martha
Nobbe Smyth[C&k>TIThNET, (FLDHIZ. BRSNS FIEIZDLNTIREALET,

mETOTzILDOEH

BCZATEEANELTOADNFHO>TLSDM., HEITETSIThMYFI M ?FELELE
T, —REGEIRIIBZAEIMILNFREADN, ZEEEDO T EMRBILIER LT
FY . RE—F b=V T A4)a1—232 (LUTFSTS) EMENHERERRIE, #EYIRLELS
ETHRLEENMRDESIICRELONDELS  HEDEILZIELET . CORRIE ELERE
T TNESMLIERIDENZDTLES,

ARFRIE. COSTSIZOWTEHELFET . ERMICIE, COBERICH-0THBEZEDZEE

RARNFET, REFELAFREFECOHEREDOHRZLRL. SRORFHEMDMENED K
AL TNEDNERERHAENBMTT . ThISELY, BRESEDLENEDTE
EEELTLDON, SHICEILZDDEEAZBIMICED ISRV DTS A

DEFBZRODIENTEDEMBIFEZATVET,

SMER

18EADI0FBETD/NAYUH I TIIENRFE T BREOBEFEEICSMESRELL
TWETREFE. A2IMN VX HREBEFERALTLRBVERA, - HLE-OFEDORE
BRESEDINVITIIURIZDONTHELKONDEELET . KFELEDEZDEEEL
FOAICEISMW-ETEEA B DSMERICRBENHAEEICIETEEIZEL,

FiE

SMEFIZX, BEECCENTEDOVE 23 E M LRENVETYT, RERICERLTIX
ANYRIAVDFEREBRGHERLET . FTEN—ERNFET ., TR, HEIZFOBINE
DESIZEZZ =M. TFELEEDLS INSIHD LS IEFTHOTERBE TEHMEL TLNM=12EF T,
EZE#FHLI-%. ALENSEIIRYELBESh BETERBEBOFFMAROHONET,
D2EIDFHET12YMIBYET , EERIIHAITHEEREMNSIBFEY. KLV T, REERH 1A
FVFET . RRICHE-DERBRE. SROBER., —RWLERISOVTEMEZLET , 25
RO EREIE15~20TY,

BHEZM

HEEZOMRITODIIMNIBHRHEETEMLET DT, WOTHR T IEHENTEE
T RTITHET, HUEEDEABERE—NHYFEREA, T, WOTEERSMOREE
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HWMETEEY, AIRZRELEES . ENETIZEOHONIBRRITT R THIBRSNET =1
L. EHRAEZILSNTVDEE L. BROSMEITFEREBRSENTEGW O, HIFRY
HIEFTEEEA,

VRY

COBMRIZEMTBIRVIE, RETHOHENGRREEDYHYFEE A REROHARDRE
Bho. SMEICESTFREINSITREFFEEAEFFELHYEE A TLATILE L
RKENEETLILETORRICEERRENMBEAINET,

WERE

COMRBETIESNERIET, SOLDINMEIVHFMETORARDI=OEIFIZE
RAShFT HLE=OBEANERIICNLDERYICEERINT . HoP KR T TESRME
[FREESNFT  IRPICNESh -T2 EESESh, BABEENICUYESATRE
SNFEY, CNoDEANFEREESIEF—IE BIRRAZVITDAVN—LZTNT IR TER
¥ EAZDNT—RIHFETHLI0ERMRESNET . AABREIHARICLECHBELETRES
. ARG R Y B<BIBRSNFET

FFHE R
MEITASIMIDONTOFEMIERIL. Martha Nobbe Smyth (A—JL:
) BAIFF(A—)L:
)E71=1EDr. B.M. van 't Veer(A—)L: JIZEBWE
HELIEELY,
=1E

F—HEIOC oML TN BIENEAE LSS O, IRICBET2ERNFT 01
BRLGE X, TARTILE LXRZDMEE S X (Ethics Review Board) [TE#R T HIEMN
TEFET . A—ILTFRLRIE T9Y,

HE~ADIHHICEBBALEITET,

Martha Nobbe Smyth, M.Sadakata, B.M. van 't Veer & A. Tanaka
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6.2 Informed Consent Form

6.2.1 English Informed Consent Form

‘I hereby declare that I have been clearly informed about the research project ‘Speech or song? A
cross-linguistic comparison of the speech-to-song illusion’ at the University of Amsterdam,
Department of Linguistics, conducted by Martha Nobbe Smyth under supervision of Dr. M.
Sadakata and Dr. B.M. van ‘t Veer as described in the information brochure. My questions have

been answered to my satisfaction.

I realise that participation in this research is on an entirely voluntary basis. I retain the right to
revoke this consent without having to provide any reasons for my decision. I am aware that I am
entitled to discontinue the research at any time, and that I can always withdraw my consent after
the research has ended. If I decide to stop or withdraw my consent, all the information gathered

up until then will be permanently deleted.

If my research results are used in scientific publications or made public in any other way, they
will be fully anonymised. My personal information may not be viewed by third parties without

my express permission.

If T need any further information on the research, now or in the future, I can contact Martha
Nobbe Smyth (email: martha.nobbe.smyth@student.uva.nl), Dr. M. Sadakata (email:
m.sadakata@uva.nl) or Dr. B.M. van ‘t Veer (phone number: +31 20 525 38 72; email:
b.m.vantveer@uva.nl; Spuistraat 134, 1012 VB Amsterdam, 6.38).

If T have any complaints regarding this research, I can contact the secretary of the Ethics
Committee of the Faculty of Humanities of the University of Amsterdam; email:
commissie-ethiek-fgw(@uva.nl; phone number: +31 20 — 525 3054; Binnengasthuisstraat 9, 1012
ZA Amsterdam.

I consent to:

- participate in this research yes / no
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- my personal details to be stored for a period of 3 months yes / no

Signed in duplicate:

Name participant Date Signature

‘I have explained the research in further detail. I hereby declare my willingness to answer any

further questions on the research to the best of my ability.’

Name researcher Date Signature
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6.2.2 Japanese Informed Consent Form

FEE

FhF. FLRTIE LREFEEFHOMARTOCIHMNELEEI T, ? EEHEEDEER)
[ZDLWT, EAYFF,Dr. B.M. van 't Veer, HH EEDEEDE L. Martha Nobbe Smyth
NEMETHEICDONVT, +REHRBAEZ (T -LEROFET COERERICBEL T, RIEH
YELA,

E. COMBEADSMHAZELICERETICEIGEDTHLIILFEMLTLVET , FAILS
DEZZHWE T DEMERFEL. EOREDEHEZRMIIEHBIIHYEEA, WO TLHH
REPIUETHEFIHY . HERTRLVDOTILREZHE T HIENTELEEEMBELT
WET, HIET D, REZREIT S EICLZGE . ENETICWNESNFERITT R TK
AICHIBRENZET

O EBRAMZNGHRYICERSNY  MOFETRARSNYTHEE. Thi
[FEEICERIESNGIEEERLTOET . AOBEANFHREDDRATHGHAILZLIZE=
ENBEETSHLEHYFEEA,

HLSRARITOVTOFFMGFERNBEICLESI-HE . Martha Nobbe  Smyth (A—)L:
). Dr. M. Sadakata (A—)L:
)E1=1dDr. B.M. van ‘t Veer (A*—JL: ) ITESE
ERMBENTEET,

HARICODVTHE-RENH OB EICIE. TLARTILE LAKREAXESBEZERDE
BRIEKRTDHIENTEET, A—)L: ; BEEES: +31 20
— 525 3054; Binnengasthuisstraat 9, 1012 ZA 7 L AT LA L

D)L TERERICEL LT FFUTICRELFET :

° COMEIZSNT S
° BANEHREIFyBRRET S

44



6.3 Stimuli

6.2.2 English Stimuli
English Lowest Highest Time-Weighted

Stimil Duration (5 Pitch Pitch Pitch Mean P Pitch Range
AT0001 1.44 98.5 2294 162.7 26 130.9
AT0002 0.87 72.8 143.4 101.3 20.9 70.6
AT0003 0.78 76.4 124.4 97.5 11.7 48
AT0004 1.06 89.1 153.1 125.2 21.4 64
AT0005 0.97 191 365.5 264.5 52.2 174.5
AT0006 1.41 145.6 276.1 207.9 27 130.5
AT0007 0.99 108.2 171.5 142.6 17.3 63.3
ATO0008 1.18 99.5 142.7 126.8 11.4 43.2
AT0009 1.4 72.2 133.7 99.9 15.3 61.5
AT0010 1.09 98.7 191 127.3 22.4 92.3
ATO0011 0.84 96.9 156.5 117.7 15.1 59.6
AT0012 1.39 105.2 184.6 133.5 20 79.4
AT0013 1.29 108.7 350.8 153.1 48.1 242.1
AT0014 1.8 87.4 134.9 107.6 11 47.5
ATO0015 1.14 172.1 283 231.1 25 110.9
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6.2.2 Japanese Stimuli

Japanese

Stimuli
JP0001
JP0002
JP0003
JP0004
JP0005
JP0006
JP0007
JP0008
JP0009
JP0010
JP0011
JP0012
JP0013
JP0014

JP0015

Duration (s)

0.911
1.21
1.46
1.27
1.54
1.39
1.94
1.1
1.47
1.29
1.36
1.73
1.46
1.41

1.37

Lowest

Pitch

190.5

181

177.4

169

148.8

198

192

197.8

186.5

176.9

211.9

179.8

179.7

185.3

170.2

Highest
Pitch

418.3
456.8
3445
329.6
346.7
390.5
611.3
411.9
426.7
426
544.4
421.4
382.5
359.9

482.2

Time-Weighted
Pitch Mean

255.2
279.4
251.8
254.7
251.1
278.8
276.3
257.3
260.6
278
317.9
268
266.2
233.7

328.5

SD

68.6

86

38.4

45

66

62.7

79

54

64.3

68

72.4

70.8

50.4

45.6

112.2

Pitch Range

227.8
275.8
167.1
160.6
197.9
192.5
419.3
214.1
240.2
249.1
332.5
241.6
202.8
174.6

312
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6.4 Questionnaire

6.4.1 English Questionnaire

1. Age (in years)

2. Gender:

o Male
o Female

o Other

3. Native Language(s)
o English

o Japanese

4. Which of the following dialects do you speak?
o Hiberno (Irish) English

o Other (specity)

5. Have you received any formal training in English?

o Yes



o No

11.

111.

1v.

(If "Yes”)Did you obtain an official certificate or diploma in one or more

of the following?
o Secondary School
o JLPT

o Other:

How many years has it been since you finished your formal training in

English?

How would you rate your current proficiency in Japanese?

(@)

Beginner

o Intermediate

Advanced

(@)

o Near native

o Native

How often do you speak Japanese currently?

o Daily

o Weekly
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6.

7.

Monthly

O

o Less than once a month

How often do you hear Japanese spoken currently?

<
1

o Daily

Weekly

@)

@)

Monthly

o Less than once a month

vi.  How are you exposed to Japanese (more than one possible)?
1. o Japanese language music
o Film

o YouTube

2

3

4. o Social Media
5. o Japanese as language of instruction
6

o Other
Do you speak any second language, other than English?

I have never been complimented for my talents as a musical performer.

o Completely Disagree
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Strongly Disagree

O

Disagree

o

Neither Agree nor Disagree

O

(©]

Agree

Strongly Agree

o

(@)

Completely Agree

8. I would not consider myself a musician.

(@)

Completely Disagree

o

Strongly Disagree

(@)

Disagree

Neither Agree nor Disagree

O

o Agree
o Strongly Agree
o Completely Agree
0. I engaged in regular, daily practice of a musical instrument (including voice) for
(X) years
o0

50



o 4-5

o 6-9

o 10 or more

10. At the peak of my interest, I practiced (X) hours per day on my primary

instrument.

o 34

o 5 or more

I1. I have had formal training in music theory for (X) years

o0
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12.

13.

o 7 or more

I have had formal training of a musical instrument (including voice) for (X) years

o 10 or more

I can play (X amount) musical instruments

o0

ol
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o 6 or more

14. What was your experience of the speech to song transformation if you

experienced the speech-to-song illusion?
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6.4.2 Japanese Questionnaire

1 B e

2 R
o B
o &M
o =D

3. REEFE:

(@)

o
=108
o

O
un|
iyl

4, BT D H ARGEIIEAEZE T ?
o IEUEGE

o HE

5. PEEDOIERR NN —= 0 V2 T -2 8RB ET I (R ET L & 1) ?
o [dW

RAIAY4



11.

iii.

1v.

LLTFOFNSs—oF - 13F L, FICAROGEHEF I TSR EZTEL
FLIE?,

o TOEFL

o Z DAt

HEEDIERIR N — =0 T TDERRE L ELT) 2

BAEDPFED B NEZE D IHZEMLUET 70> 2

o f#H
o WiZ—IH]
o HIZ—[H
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o HIT— AR

v. BUE COREOHE CHRGEXHEETN?

o f#H
o WIZ—I[H]
o HIZ—IH

vi.  FOIOCHEEE AL TWETH (EEEIATTRE) 2

o YouTube

=X VAT 4T

O

WEECIRELZITTND

O

O

FLDJEIZIEGEZ7E T ADBND

o DAt

6. FEELUANTHESFENDONOREL RICGEE2FEHVET N ? ZIUIEDFFETT
2?2 (BRI T])
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7. HOr OFHW S REXC T B2 LED LIV ENR,

o B TILELA

o [ FEALEDHTITELRN

o HEVHTUTFEL/2WN

o ELLTHARWN

o PNEHTITFED

o JKHTITES

o RIZIbTITEs

8. FMTHFHFE TlIen

o BB TITELR

o 1 FEALEHTITELRN

o HEVHTUTELRN

o EHLHTHARWN

o PNEHTITED

o JKKHTTFED

o RIZIHTTED

9. FNFZZ_ FMH. HEH EBRNCHD (FEB L) OB 2L TWD



o 4-5

o 6-9

10 bl b

O

10. BLEE DN b o TR IR, A7 D388 (kEx &) &#—HIZ IREMEIfR S L7
o0

o 0.5

o 3-4

5l b

O

1. FREGROIHE_ FRZTT
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o 4-6

1Ll

O

12. ZETIgEER (b & te) o EXedlz_ FRIxTT-
o0

o 0.5

o 3-5

o 6-9

10 >l b

O

13. FAlE_ PR ORIMATHETED

o0
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6 Tl b

O

14. ZOZEBRPIZHEDIRLEIKZETEEL S ENTKOIDTE L HND I OV ) 2R L £
LM B0 \nEBRFTOEOMEICHONWT, EARILETHLREVWD TEADONWZ 252 # %
TLEEN
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