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Appendix S1 1 

Protocol for making VRP recordings separated by voice 2 

mechanism 3 

 4 

Principle 5 

This protocol relies on the practical principle that the mechanism-state (register) 6 

tends to remain locked to the state chosen at voice onset. Which mechanism is chosen 7 

is largely controlled by the fo and SPL at which the voice onset is initiated. The 8 

computerized VRP gives real-time visual feedback of fo and SPL. This allows the 9 

VRP to be used in an instrumental way, to navigate to and from voice onset locations 10 

that will select one mechanism or the other.  11 

The middle of the fo range nearly always contains an overlap zone, in which either 12 

of the two register mechanisms can be used (see the VRP in Fig A1). However, the 13 

choice of mechanism is arbitrary only near the center of this overlap zone. Onsets 14 

made at its outskirts are generally predisposed to one of the two mechanisms. So, the 15 

lemma is to avoid making onsets in this central overlap area, and to traverse it solely 16 

with sustained phonations that are initiated from a starting location that is exclusive to 17 

one mechanism. 18 
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 19 

Fig A1. Departure points for a mechanism-specific approach of the overlap area. 20 

 21 

Using SPL to choose the mechanism 22 

The SPL is almost as important as the fo  for the choice of mechanism. A voice onset 23 

at high fo but low SPL (zone S2 in Figure A1) exclusively selects M2. A voice onset 24 

at high SPL (zone S1 in Figure A1) exclusively selects M1. The precise VRP 25 

coordinates of the S1 and S2 targets will be different for each subject. Thus, before 26 

any mechanism-specific recording can be made, first a quick scan is needed of the 27 

overall personal range and bounds. The participant is thereby encouraged deliberately 28 

to explore the mechanism boundaries. While exploring the S1/S2 targets, the subject 29 

should gain familiarity with using visual, aural and motoric cues in an integral way. 30 

For this direct spotting of the onset location in the VRP an almost immediate visual 31 

S2 

S1 
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feedback is essential. The VP system does a visual feedback of the instantaneous fo 32 

and SPL metrics with an average delay on the order of 50 ms, which is adequate for 33 

this purpose. The same system is able show, during a new recording, the previous 34 

markings of the earlier ‘quick scan’ in the background, as a reference. 35 

This VRP-assisted range exploration is always a learning process, even for 36 

experienced singers. Although singers may know their voice well with regard to 37 

mechanisms, the more explicit control with an immediate visualisation of SPL 38 

together with fo will be new to them, too.  39 

 40 

Transitions 41 

The above approach is remarkably simple and effective. It exploits subjective 42 

mechanism cues, but without relying on them. Still, no procedure will ever be 43 

completely fail-safe. Sudden voice breaks may still occur, particularly with untrained 44 

voices. These unanticipated jumps are not necessarily a problem as these are mostly 45 

M1-to-M2 transitions that tend to happen while phonating at high SPL. During such a 46 

break, the physiologic setting (sub-glottal pressure, muscle tension) switches the voice 47 

to a much higher fo/SPL location in the VRP. When the voice settles in M2, it will 48 

generally be in a VRP area that is clearly disconnected from the targeted and already 49 

established M1 area. If so, the freshly recorded VRP area linked to M2 can promptly 50 

be deleted.  51 

A real problem is when a gradual transition occurs. When naïve voice-users 52 

explore their mechanism bounds, they will be bound to experience new, unfamiliar 53 

qualities within their voice. They will lack a reference and have not yet developed a 54 

clear notion of the importance of monitoring their voice onset. Unexpectedly, they 55 

may find themselves being caught in the other mechanism. The confrontation comes 56 
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when there is no break-free return path to the VRP area connected to the mechanism 57 

they were targeting for. With such a mix-up dilemma, the overall VRP exploration 58 

may still be continued, but the result can only be stored as one undifferentiated 59 

(normal) VRP recording with the M1 and M2 areas combined. It is our experience 60 

that, with naïve voice users, the success rate for getting two cleanly separated M1/M2 61 

recordings is approximately two out of three subjects.  62 

 63 

Mixing 64 

Singers generally have a strongly developed sense on how to choose and preserve 65 

their register. A questionnaire in a previous study on the effects of voice training with 66 

the classically trained female voice [27] revealed how much singing students are 67 

concerned with their quality-setting at voice onset. The confusing factor, especially 68 

with classically trained singers, is their engagement with ‘mixing’ techniques. These 69 

techniques aim at blending in the other register quality in order to even out or 70 

‘equalize’ the quality gradient over the tonal range. Note that mixing does not mean 71 

that the voice is in a stable setting between states that is no longer connected to either 72 

one of the two mechanisms. The expression of the register state could be perceptually 73 

ambiguous but it is still defined, except perhaps during the short instance of a jump. 74 

Note that the key criterion for differentiating the mechanism is not the perceived 75 

register quality, but a sustained voiced connection to or from an area where the 76 

mechanism identity is unambiguous.  77 

In the connected study, it was our policy not to disqualify any mixing skills. Still, for 78 

disambiguation, singers were requested to stick to the intended “pure” register quality 79 

as much as they could. Singers who claimed to be able to fluently change register 80 
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were requested to refrain from demonstrating this skill, until after both M1 and M2 81 

areas were sufficiently established and saved in separate VRP files. 82 

  83 

Completion 84 

The VRP contour has certain regions in which it is difficult to establish the extremes 85 

precisely. The uncertainty increases when only one mechanism is allowed. The two 86 

secure starting positions S1 and S2 for M1 and M2 indicated in Figure 1A can also be 87 

considered “tricky regions” for M2 and M1. It is more difficult to establish the loudest 88 

tones at low fo in M2 than it is in M1. In both M1 and M2 it is difficult to lower the 89 

SPL to a minimum, while also searching for the highest fo, but in M1 there is the 90 

additional concern not to tip over or restart in M2. With untrained voices, these 91 

“tricky regions” may initially be sparsely visited. The VRP contour will reflect a lack 92 

of singing technique or a shortage of control, rather than representing a true 93 

physiological bound of the voice instrument. The decision on when to stop exploring 94 

will inevitably be somewhat arbitrary. It helps to set a maximum time limit, for 95 

instance 15 minutes per mechanism. Most automatic VRP recording devices have the 96 

option to supplement an earlier recording. As it is unimportant which mechanism is 97 

finished first, a previous mechanism recording may be augmented upon later, if there 98 

is time left, or as skills or confidence improve over the tests. 99 

 100 

Although we can offer no proof of validity, we noted that there were no observations 101 

that made us doubt the guiding concept that, once chosen at onset, the mechanism 102 

state (register) remains secure, and will not change state unnoticed. 103 

 104 
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The selection of mechanism was thus guided by the principle of uniformity of 105 

phonation from a known starting point, not by audition or proprioception on the part 106 

of the singer.  107 

 108 

 109 


