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Abstract

Whistled speech is a little studied local use ofjlzage shaped by several
cultures of the world either for distant dialogues for rendering
traditional songs. This practice consists of anlatian of the voice thanks
to a simple modulated pitch. It is therefore theuleof a transformation of
the vocal signal that implies simplifications iretfrequency domain. The
whistlers adapt their productions to the way eastgliage combines the
gualities of height perceived simultaneously by theman ear in the
complex frequency spectrum of the spoken or sungevpitch, timbre).
As a consequence, this practice underlines key séicogues for the
intelligibility of the concerned languages. The gaet study provides an
analysis of the acoustic and phonetic featurexctaleby whistled speech
in several traditions either in purely oral whistléSpanish, Turkish,
Mazatec) or in whistles produced with an instrumigig a leaf (Akha,
Hmong). It underlines the convergences with thatsgies of the singing
voice to reach the audience or to render the ploidormation carried
by the vowel (tone, identity) and some aesthefiects$ like ornamentation.

INTRODUCTION

The pronunciation of spoken or sung words has besdorally adapted into
whistles in several cultures. This complementamnf@f speech is used to overcome
ambient noise and fight reverberation when the lsggreis far from his interlocutor or
from his audience. Its first functional use is toagantee a good intelligibility of
sentences in conditions for which spoken dialoguesid be inefficient. Moreover, it is
popular in some cultures for its aesthetical gieslind is therefore used to emulate
songs. Such a traditional oral behaviour has beeently documented as still surviving
in at least 14 languages all over the world: inigsfr(Ewe, Ari), in Asia (Akha, Hmong),
in America (Chinantec, Gaviao, Mazatec, Mixtec, €Bidn Yupik, Surui), in Europe
(Greek, Spanish, Turkish), in Oceania (Abu-Wam) yiste 2005].

To emulate in whistles a sentence of his langu#ye,whistler encodes the
words in a modulated narrow band of frequency [RBusmd Classe, 1976]. The main
acoustic transformation is therefore in the freaquyeshomain: from the multidimensional
frequency spectrum of the voice to the mono-dinmradi one of whistles. At the
perceptive level, the linguistic information is flyaesized in a single whistled pitch. On
the contrary, the signal of the voice carries tveocpptive qualities of height that are
combined differently in each language to encodeatbels. These two qualities are the
ones that have been observed in several perceeiste in musical acoustics: (i) the
perceptive sensation resulting from the FO, cgbiéch; and (ii) the perceptive sensation
resulting from the complex aspect of the frequespgctrum, called timbre in music
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[Risset, 1968]. For example, pitch plays a primalrdole in the intelligibility of several
tone languages and the timbre space strongly deairzes the quality and the identity
of a vowel through the formants. In response tsahaspects, the whistled practices
have adapted to the phonological rules of organisabf sounds of the transposed
languages, selecting salient cues to optimisentiedligibility of the receiver.

The present paper underlines the convergence ok saspects of whistled
speech with the singing voice while providing arewew of this phenomenon. A
particular attention is drawn to the practice gbplar singing and to the diversity of the
concerned languages. Most of the whistled datayaedlhere was documented since
2003 during fieldwork projects associating locae@rchers.

ACOUSTIC ADAPTATATION TO CONSTRAINTS
Production

In whistling and singing, mastering the techniq@i@reduction requires a phase
of learning. An efficient emission relies on a haaoous, powerful, relaxed and
precise control of both the air flow and the phiiical constraints imposed by such
types of articulations of words. In comparison peaking, both increase the tension of
the muscles of the vocal tract. These tensiongarei@ the concentrations of energy in
the signal because, apart from aesthetical antigiitdity exigencies that whistled and
sung speech share in some cases, both have theotoaim to carry the oral sound in
the distance. As a sound source, the singing veses the vocal chords and a vocal
tract often modified by a low larynx and large pmet. The resulting signal bears a
complex frequency spectrum characteristic of thednu voice and largely described in
the literature. For whistling, the lips are tighhdathe sound is produced by the
turbulence of the air forced either into the snsdll®le of the vocal tract or against an
edge (depending of the technique). The reduced ety acts as a resonator to tune
the sounds (figure 1). In some cultures a leaflmamsed to whistle a message with a
linguistic attitude, in these cases, the propediegbration this instrument also play an
important role (figure2).

Figure 1: Open vocal tract. While singing (left)cawhile whistling (right)

Figure 2: A selection of techniques of whistlingdiso emulate speech
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Strategiesto reach the audience

The acoustic strategies of whistling and singingrelea common behavior in a
significant band of frequency. The singing voice aftrained singer shows a
concentration of energy between 2 and 4 kHz, eapgéor classical operatic singers of
western music. It is formed by the proximity of twothree of the formants 3, 4, 5 or
by the amplification of one of the formants alreaityated in this frequency domain. It
has been called th&inging Formantnd is sufficiently compact to favour a perceptive
integration of the concerned frequencies [Barth@an84, Sundberg 1972, Sundberg
2001]. In parallel, all whistled forms of languagase functional frequencies of
whistling between 1 kHz and 4 kHz. In both case& teasons justify the choice of
these bands of frequencies: firstly they placedigaal above most of the concurrent
frequencies of the performers” environment; segorttiey cover a domain that
corresponds to the best performances of hearinigrins of selectivity and audibility.
As a consequence the signal to noise ratio (SNRjeateception is sufficiently high for
a good perception. For example, in the case oirgjndierce [1983; cited by Woisard-
Bassols, 2001] showed that the perception of thgesis voice above a chorus or an
orchestra relies essentially on the singing formidietmeasured that the SNR at its peak
(2500 Hz) for a tenor voice was around 30 dB. Sinyl| in the case of whistled speech,
the signal remains largely above the natural batkuyt noise at relatively long distance.
For example: an equivalent SNR of 30 dB -SNR me=ssim the frequency band of
whistles- is obtained at around 200 m of the waidibr a sentence produced at 90-100
dB in a quiet environment (around 40 dB of noigg)art from this common attitude,
singing and whistling also show proper charactiegstiue to their sound source: sung
speech shows amplifications around formant 1, wdsetiee whistled signal is shaped as
a natural telecommunication system. Indeed, thedwalth of its fundamental
frequency emerging from the noise is less thanH®90and its dynamic in amplitude is
reduced compared to spoken speech [Meyer and Gauotl2905]. Contrary to what
occurs in the singing voice, the harmonics do motig in formants and do not play a
fundamental role in speech recognition.

PHONETIC STRATEGIES: CONVERGENCES
L engthening of vocalic duration

When compared to the spoken form of speech, thalicoduration in the
whistled form of speech is increased. Differencesuo in function of the distance of
the interlocutor. | measured that, for a dialog emadl 150 m of distance, the vowels
lasted meanly 26 % more in whistled Turkish thaspoken Turkish and 28 % more in
whistled Akha than in spoken Akha of North ThailaBdme differences may appear in
function of the individuals, as shown by Moles [097n whistled Turkish as the
speakers keep their characteristics of elocutiainduhe whistled articulation. At very
long distances of practice (several km) or for sn@g mode of whistled speech, the
lengthening of the vowels can reach meanly 50 %h wome vowels much more
emphasized than others. Contrary to what occusiging, such exaggerated durations
do not reduce the intelligibility but still ease ihdeed, the vowels with a very long
duration are most of the time situated at the dnal speech group; this way, they help
to sequence rhythmically a sentence in coherem$ ohimeaning.

The sung form of speech is also characterized bipe@ease in vowel duration
in most of the singing styles. It is the resulttbé combination of many parameters
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influencing the production in singing voice. Firattistic choices justify this strategy,
for example to control the homogeneity of the tienguality, especially in thieel canto
techniqgue [Woisard-Bassols, 2001]. Moreover, a slovempo is often inherent to
music and results in a slower rate of speech. Then,articulatory movements last
longer because of their greater range of varigi8mootto Di Carlo, 2005b]. Finally, this
phonetic attitude partly relies on the fact thasiefficient to ease the perception of the
voice quality and therefore favour a comfortabktening. In a similar way to what
occurs in shouted and whistled speech, vowel leamjtly is also an adaptation to the
difficult conditions of communication. Within cemalimits this phenomenon increases
intelligibility; yet, when the duration of the volgeis beyond a tolerance threshold, the
performances of recognition are affected and dserfcotto di carlo, 2005a].

I nfluence of the language phonol ogy
The case of whistled speech

As explained in introduction, among the severaglaages of the world that have
been compared according to their whistled behayidlifferent types have been
highlighted [Meyer 2005]. In most of the tone laagas (like Mazatec, Chinantec,
Akha, Hmong) whistling selects primarily pitch cuzried by tone registers and tone
contours. In most of the non tonal languages (Bteek, Turkish, Spanish) it selects
primarily timbre elements carried by segmental cwésthe voice; and in an
intermediary category of languages it selects dwes both pitch and timbre by
jumping in real time for one to the other (tonalr@unon tonal Siberian Yupik and
Chepang). In fact, for each language the whisttgve priority in frequency to a
dominant trait that is carried in the spoken voather by theformant distribution
(most of the non tonal languages; figure 3, ledeyior by the fundamental frequency
(most of the tonal languages; figure 3 right sid)t in the case of an incipient tone
language like Chepang or a language using a lesstlike Siberian Yupik, the
contribution of both is balanced, which explainsithntermediate strategy in whistles.
The reduction of the frequency space in whistlessifies therefore the languages in
typological categories. These categories depertti@respective roles played by the Fo
and the formant distribution in the intelligibiligf the spoken form. For example, in a
tone language, variation in pitch or its physiaairelate, fundamental frequency (FO0), is
used to contrast word meaning. Sometimes its dartan to intelligibility is greater
than vowel identity, like in Chinese (17% for tones 12 % for vowels [Fu and al
1997]) whereas in other languages like the two-t®arii of Amazon, it is not enough
to encode a large vocabulary of words. On the eoptin several non tonal languages,
the information encoded in the Fo -like stressypla secondary role for intelligibility
whereas the aspects encoded in the formants ameonolinl (vowel identity and
consonant transitions). The typology of whistlednfoof speech available in Meyer
[2005] underlines that the specificities of eaatglaage are mirrored in whistled speech.
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Figure 3: Left, a Turkish word spoken and whistlegktirmek/). The /t/ in indicated.
Right, a word spoken and whistled - pitch transpmst in Mazatec (4 tone language).

Comparison with sung speech

In a similar way to what occurs in whistled speetie contributions for
encoding the word meaning of both the Fo andfdheant distributionmay influence
the composition and the interpretation of songst, dee to the complex frequency
spectrum of the singing voice, testing this aspedess simple. Furthermore, other
parameters enter in consideration: sung speeabt isnmy focused on intelligibility as it
takes into account artistic priorities that mighterfere with the phonetics and the
identification of words. For example, in operatioging a soprano voice is much less
intelligible than a bass [Scotto di Carlo 2005bprigover, within a language there may
be a wide range of variation between differentestybf songs, some of them been
borrowed from other cultures.

For the singing voice in non tonal languages, #gmearch has been logically
focused on understanding the aspects of the forndistribution influencing
intelligibility [Gottfried and Chew, 1986; Scottoi €arlo 2005b]. One of the main
results is that the higher is the pitch, the moifécdlt is the identification of the
phonemes. Moreover, the difficulty to identify thewels in sung speech has been also
attributed to the fact that the formants 2 and & lass phoneme-dependent than in
spoken speech. These results underline that tledigrility is advantaged when the
frequency spectrum shows compact formants with an@ime-dependent distribution.
Such a conclusion is consistent with the fact thathuman perception is sensible to
formant proximity, especially for identifying theowels [Chistovitch and Lublinskaja,
1979; Schwartz and Escudier, 1989]. For whistleglesh it is an important aspect as
such proximities would explain the frequency disition of whistled vowels in non
tonal languages [Meyer, 2005], with /i/f among thghkst frequencies, /o/ among the
lowest and /e/ and /a/ in between (figure 4). Ituldoexplain also the good
performances of non whistlers of such languageaddntify whistled vowels, /i/ being
perceived as an acute timbre in spoken speech/cdras a low one [Meyer and al,
2007].
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Figure 4: Frequency distribution of whistled Spdni®wels

In the case of tone languages, the Fo paramet&inging voice is easy to test.
For example, Wong and Diehl [2002] investigated gsoof Cantonese to further
understand how songwriters reconcile the possiblguistic role ofFy variation in
expressing a lyric with the musical role lef variation in specifying melodic intervals.
According to their preliminary enquiry three optsoappear?The first is to ignore
lexical tones and word meaning and to use pitchuskeely to mark the melody. [...]
The second option is just the reverse: to prest#rgenormal pitch variations of lexical
tones while ignoring the melody, sacrificing mustgafor intelligibility.[...] The third
option is intermediate between the first two. [. hjsTpreserves musicality at the cost of
reduced lyric intelligibility.” [Wong and Diehl 2002, p. 203]. These three atétudave
been observed in several studies: (i) the firsiooppreserves musicality at the cost of
reduced lyric intelligibility. It concerns mostlyxed melodies imposed to lyrics. Chao
[1956] reported having observed it in Chinese ampiarary songs. Similarly, Saurman
[1996] measured the direction of pitch change @arsecutive syllables in tones and
song pitches: they matched in only 32 % of the €&sethe Thai national anthem and
42 % for a foreign hymn translated into Thai. InXib®, Casimiro [2007, pers. com.]
reported the same phenomenon for the Mexican ratianthem sung in Mazatec
language at school. (ii) In the case of the seaptbn, songs are very speech-like. It is
the case of singsong themes in Chinese describ€hby [1956]. Moreover, according
to the description of Van-Khe [1997] this optionngeally concerns a large body of
traditional popular songs in Vietnam and of sevetddures of South East Asialn“the
popular traditions of South-East Asia the improvisa is mostly poetic. The melody of
the songs must follow the linguistic intonationtledir text otherwise it would change
the poetic signification'Van-Khe, 1997]. Saurman [1996] confirmed thiseasen for
traditional Thai songs. | measured that it is dls® case for popular songs in Akha
language of North Thailand. Classical styles ofgsig are also concerned by this
option. For example, Yung [1988)und a melody-tone relationship in Cantonese qpera
that was somewhat similar to what Chao [1956] reggbm singsongs. (iii) In the case
of the third option: Songwriters may attempt to preserve at least phytithe pitch
contrasts of lexical tones while not unduly reginig the melodic role of FO changés.
[Wong and Diehl, 2002, p. 203]. Wong and Diehl md\that this strategy was at play
in several contemporary songs in Cantonese. Théymnly examined the strategies
used by composers and singers to reconcile linguasd musical roles of FO, they also
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proved that corresponding strategies are usedstgnkrs to extract the lexical meaning
of the lyric: listeners apply an ordinal mappinderin assigning tone categories.

SUNG MODE OF WHISTLED SPEECH: A FIRST APPROACH

The sung mode of whistled speech is the practiaedbnsists of emulating the
sung voice while producing a whistled sentenceisltnot an aspect extensively
developed in all the cultures concerned by whistpeech. It seems much more
common in tone languages. It must be due to thé tfeet such languages often
reconcile melody and meaning in singing them thhroagame physical parameter (Fo,
see preceding paragraph). Usually, repertoiresldfpopular songs are concerned by
this practice. Yet it is sometimes adapted to qoptarary songs.

As an example, | present the Akha sung speech lethigtith a leaf. Akha is a
three tone language of south-east Asia for whickstied speech transposes primarily
the Fo. It has a very rich oral repertoire of sorg@mme of them, such as love songs, are
more often used with whistling because the sunfjitepopular for courtship. As the
aim is to transmit a poetic message, the melodh®fsongs follows the pitch of their
lyrics. The acoustic propagation of this type ainsil enables the message to reach
easily the lover inside his/her wooden house (m&gustification). The whistlers also
say that whistling is more melodic (aestheticatifiesition). Indeed, several acoustical
features are consistent with this second justibcatFirst, whistling with an instrument
like a leaf gives more sound energy to the harnsoffigure 5). Then the singers use
classical techniques of ornamentation: they comboveel lengthened durations with a
vibrato. Finally, the singers impose at their swsemtence a modified rhythm: for
example the rhythm is often iambic (stress is ndrg a lengthened duration). The
tone perception is not perturbed by the oscillatiproduced by the vibrato as these do
not transcend the median frequency of the intesepharating two tones (the tones of a

same sentence do not overlap even in vibrato, digir
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Figure 5: Extract of an Akha song whistled with taf, with ornamentations
CONCLUSIONS

Whistled and sung speech share several acoustanepb and articulatory
properties underlined in this paper. Such a contparapproach has also detailed how
the phonology of a language influences both surthvelmstled adaptations of speech.
As the research on the singing voice has a longryisseveral phonetic results in this
domain contribute to better understand the strasegf transformation of the spoken
voice into whistles. For example, they provide dieraative point of view on the
perception of the formant distribution, which isinpordial to whistle a non tonal
language. Finally, in some cultures sung and wddstspeech merger in a one
phenomenon that was called theng mode of whistled spee&il these aspects have
been illustrated thanks to unprecedented dataatetlen the field during the last four
years.
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