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LINK (original paper and audio samples 

of speech-to-song illusion from Deutsch 

2008): 

http://www.acoustics.org/press/156th/de

utsch.html 

The current on-going project 

seeks to understand the 

boundaries of speech and song 

signal by investigating the 

mechanisms of speech-to-song 

illusion (Deutsch 2008) from a 

variety of perspectives and 

providing new evidence from 

Mandarin Chinese. In this paper 

I will (1) offer a re-analysis of the 

data on speech-to-song illusion 

by Deutsch (2008) by giving 

consideration to the research in 

speech synthesis; (2) test the 

possibility and mechanism of 

creating speech-to-song illusions 

in MC by applying the target 

stability hypothesis (Falk and 

Rathecke 2010) and Target 

Approximation Model (Xu 2002); 

(3) test the Falk-Rathcke (2010) 

hypothesis on the pitch interval 

structure in the speech-to-song 

illusion in MC. Results of 

preliminary trial experiments 

suggest the significance of 

Target Stability in generating the 

illusion, whereas the complex 

role of interval structure is 

discussed in relation to the 

robustness of tone mapping and 

intelligibility. In conclusion I 

present further discussion on the 

implications of speech-to-song 

illusion and future experiments 

are proposed. 
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Target stability Hypothesis: If the tonal make-up of a sentence has more stable 

tonal targets, the shift will occur earlier and/ or more often compared to a sentence 

with unstable targets (Zatorre and coworkers 2002). I test the role of Target Stability 

in the generation of the illusion with the third tone and first tone in MC by applying 

the Target Approximation model(Xu 2002; 2004). Three scenarios are identified: 

1. There is plenty of time for a target(monophthong vowel over 100 ms or a static 

tone over 200 ms long). The target value would be attained before the end of its 

allotted time;a pseudo steady state at that value might be achieved. Figure 3(a). 

2. A target is given just enough time(monophthong vowel 75 ms long/static tone 150 

ms), the target value is not achieved until the end of its allotted time interval.Figure 3(b). 

3. A target is given insufficient amount of time(vowel much less than 75 ms/static 

tone much less than 150 ms).Within the allotted time interval target would not be 

approached even by the end of its allotted time interval. By the time its cycle ends, 

however, the implementation of the target has to terminate and the implementation 

of the next target has to start. Figure 3(c). 

•Trial Experiment1: 3 subjects are asked to rate the sentence from 1 to 5 scale (1-

speech like, 5-song like) upon hearing repeated sample sentences in MC (consisting 

of tone 1 and tone 3 only) in three different speech rates, fast, mid, and slow, with a 

broad focus. Each sentence is repeated 10 times with rating of each time. The 

controlled pitch intervals of the tones are either 5 st or 7 st. Table 3 

•Preliminary Results: Only the slow speech rate generated the perceptual shift 

from speech-like signal to the song-like signal, while the other two do not exhibit this 

effect no matter how many times the sentence is repeated(cutoff value aroune 

200ms). Moreover, the illusion seems to disappear when synthesized acceleration is 

applied on the slow rate sentence. Future perceptual experiments on more subjects is called for. 

•Trial Experiment 1 already demonstrates that even with controlled music-like 

interval (5st or 7st), the illusion is not present in mid-to-fast speech rate.  

•Question: How is tone interval mapped onto the specific tone relations, such as a 

transition from tone3 to tone1? Tone pitch is relatively defined. 

•Trial Experiment2: the same sample sentence was read by male native MC 

speaker using a wide range of intervals from smaller than 1 st to 12 st. 

•Results: all intervals produced are accepted as normal speech, including cases 

where the third tone pitch is realized as slightly higher than the first tone.  

•Conclusion: The great variety of tone intervals in accepted normal speech 

indicates that the constraint of an interval relation that is similar to the musical 

scalar relation is little in the generation of speech to song illusion. Moreover, due to 

the listener’s ability to adjust perceived pitch in different tuning systems to the ones 

we’re familiar with (such as interpreting as well-tempered pentatonic scale when 

hearing a Sundanese Salandro scale by the Western listeners), it is likely that 

given sufficient pitch stability, interval structure does not play a significant role in 

the illusion. Future perceptual experiments is called for in determining the precise 

role of interval structure as well as its complex mapping onto the tone relations. 

 

I consider two data sets from Deutsch(2008), one by the group (a) of 11 subjects 

who were asked to reproduce the phrase after having heard it for ten times, the 

other by group (b) of 11 subjects who only heard it once but were asked to 

reproduce the phrase as sung phrase(Figure1,2). Their output exhibited striking 

similarity as is shown in the graph below in average pitch. This difference suggests 

that the illusion is achieved by focusing on imitating the prosody of the sentence 

heard. Table 1 and Table 2 show my calculation of the mean speed of pitch change 

at a 0.01s interval for the two sentences from above, one from group (a) and the 

other from group (c) (subjects asked to reproduce after hearing the sentence once). 

In addition, I explain the illusion by considering the following evidence: 

•Semantic Satiation(Pilotti et al 1997): Through the establishment of a recurrent 

pattern, the loop becomes a rhythmically structured event in which the specific 

melodic and rhythmical properties of the signal may become more and more salient 

to the listener until they dominate the perceptual impression, while 

semantic/syntactic content loose their importance (F&R2010). 

•Speech Production/Perception: Noted discrepancy between the physical reality 

of speech signal and the perception of speech signal by the listeners. Listeners only 

pick up selected information from speech signal for intelligibility in normal speech. 

•F0 Stylization: “Some F0 variations are clearly perceived as rises or falls; others 

go unnoticed unless after repeated listening; still others are simply not perceived at 

all”. “In normal conversation, utterances are heard only once. Given the continuous 

flow of speech, the listener has no time to reflect on the auditory properties of the 

signal” (Mertens 2009). 

•Conclusion: The perception of speech signal after repeated listening is usually not 

addressed in speech synthesis, and it is thus implied that a different scenario might 

take place in terms of perception if the signal is repeated. 

 

Implications of speech-to-song illusion research on: 

•Pitch perception in tonal and non-tonal 

languages. In one of my follow-up “reverse” experiment, 

song signal in both Mandarin and English were re-

synthesized by reducing their target duration by about 83% 

percent, in order to determine whether they would be 

possible to have speech-like quality. Results show that 

while Mandarin song signal was successfully transformed 

into speech-like signal, the English song phrase does not 

resemble natural speech signal even if we reduce the target 

duration by 90%.  

•Diverging points between song and speech 

prosody. To resolve Deutsch(2008) and F&R(2010)’s 

argument on whether our perception of speech and song 

signals depends on the physical property of the signal, I 

propose the Physical-to-Perception Model (on the right). 

•Future studies will test additional factors.Table 4. 

•Fundamental differences in song and speech 

prosody perception. Music places higher demands on 

encoding of acoustic properties in terms of precision of 

processing/performance. Speech tends to sacrifice accurate 

performance of prosodic parameters in favor of maximum 

speech of pitch change and effectiveness of 

communication. This robustness of speech prosody is 

demonstrated by the fact that MC preserves over 90% 

intelligibility in monotone in a non-noisy 

background(Xu&Patel&Wang 2010). 
 

 

 

Deutsch and co-workers (Deutsch et al. 2008) observed that a spoken English 

sentence can be heard as singing by only repeating the same recorded sentence a 

few times over(non-noisy background), without changing any aspect of the sound 

signal whatsoever. In subsequent experiment, Falk&Rathcke(2010) found that this 

effect is not universal and argued that the physical acoustic properties of the signal 

do indeed play a role in generating the illusion effect(in German). They proposed 

that the rhythmic-metrical and tonal features of the sample sentence might be 

crucial factors in such processes. In this project I (1) offer a re-analysis of this 

illusion by considering evidences from latest research on speech production and 

perception; (2) present data from new trial perceptual experiments on MC; (3) 

further discuss the implications and future studies on speech-to-song illusion. 
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