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Abstract 
Previous research on anticipatory lip rounding has generated two views on this 

phenomenom. On the one hand there is the look ahead model which postulates that 

the initiation of lip rounding is governed by the structure of the utterance and on 

the other there is the temporally locked model that suggests that the initiation 

occurs at a set time before a rounded vowel. This current study aimed to replicate 

parts of an earlier one by Lubker and Gay (1982), who examined temporal aspects 

of anticipatory lip rounding. The purpose of the replication was to compare data 

obtained from electromyography (EMG) and magnetometry with data from the 

Wave System (NDI). A number of subjects recorded Swedish speech material. 

Movement coordinates from the upper and lower lip were obtained in the x, y and z 

dimensions. However, only the x dimension was further analyzed since it 

represented an anterior-posterior lip movement. While processing data it became 

apparent that this dimension alone was insufficient for determining when the lip 

rounding was initiated. The analysis did, however, provide an answer to how the 

subjects organized their lip rounding in terms of look ahead versus temporally 

locked models. 

 

Introduction 
Research in the field of lip rounding has 

generated two views on this phenomenom. One 

view, suggested by Henke (1966) amongst 

others, postulates that speakers apply a so 

called look ahead model (Abelin et al., 1980). 

This model assumes that anticipatory lip 

rounding is governed by the length of the 

consonantal string preceding a rounded vowel, 

given that all consonants are unmarked for 

labiality (McAllister, 1978). The other view, 

called the temporally locked model, suggests 

that the initiation of lip rounding occurs at a set 

time before the rounded vowel and is therefore 

not influenced by the length of the consonantal 

string. This view is supported by Harris and 

Bell-Berti (1979; 1981; 1982) and Gay (1977). 

     Almost all previous research has, despite 

differing views, used EMG as primary means of 

measurement. Since EMG registers electrical 

activity in muscles which does not necessarily 

indicate an actual movement, this means of 

measurement has been questioned (Lubker & 

Gay, 1982). Due to this insufficiency it was of 

interest to use technique that aimed to measure 

actual movement rather than electrical muscle  

 

activity. Hence, Lubker and Gay (1982) 

complemented their EMG measurements with 

magnetometry, where a magnet was attached to 

the upper lip to register its articulatory 

movements in the x and y dimension. However, 

data obtained from EMG only marginally 

corresponded with the movements registered by 

magnetometry. Therefore it was still of interest 

to perform a similar experiment with improved 

technique, which this replication aimed to do. 

The experiment was performed with a 

prototype of The Wave Speech Research 

System (NDI) that registers the small 

movements associated with speech by using an 

electromagnetic field. There were several 

reasons for using Lubker and Gay’s (1982) 

study for this replication. For one, the authors 

represented both views on the nature of 

anticipatory lip rounding, giving them a critical 

attitude towards previous research, and their 

speech material was comprehensive, containing 

both nonsense words and real Swedish 

utterances. 
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Method 

Subjects and speech material 

Five female subjects, aged 23 to 45, 

participated in the experiment. All of them 

where native speakers of Swedish except for 

one who had Italian as her native language but 

was an advanced speaker of Swedish. All of the 

subjects were familiar with the nature of the 

experiment. 

Since the experiment aimed to replicate 

parts of an earlier study by Lubker and Gay 

(1982) parts of their speech material was used. 

The material consisted of nine Swedish 

utterances and twelve nonsense words that 

followed Swedish phonotactic rules, see Table 

1. The participants read the material once 

before recording and then during recording the 

subjects read it twice without pause, with the 

instructions to articulate as naturally as 

possible. Four reference sounds /ɐ/, /i/, /u/ and 

/m/ were produced at the end of every repetition 

with the instructions to articulate as distinctly as 

possible, with the purpose of obtaining 

reference data to match with the other 

utterances. 

Table 1. The speech material in orthographic 

and phonetic representation. Parentheses: 

Speech sounds not pronounced by all subjects. 

Orthographic  IPA 

ditt skrot   ['dɪt:skə'ru:t]  

ett danskt skåp  [ɛ'tɐn:s(k)t'sko:p]* 

vilket tyder  [vɪlkə'ty:dɛr] 

ditt sot   ['dɪt:'su:t] 

ett danskt skrutt  [ɛ'tɐn:s(kt)'skrɵt:]* 

ditt skot   ['dɪt:'sku:t] 

det också   [de:(t)'ɔksɔ]* 

Stockholm  ['stɔkˌ(h)ɔlm]* 

ett norskt skåp  [ɛt:'nɔʂ(kts)'ko:p]* 

asto   [ɐ'stu:] 

asksto   [ɐsk'stu:] 

ato   [ɐ'tu:] 

aksto   [ɐk'stu:] 

oto   [ʊ'tu:] 

oksto   [ʊk'stu:] 

osto   [ʊ'stu:] 

osksto   [ʊsk'stu:] 

ata   [ɐ'tɒ:] 

aksta   [ɐk'stɒ:] 

asksta   [ɐsk'stɒ:] 

akstra   [ɐk'strɒ:] 

Procedure 

The recording was made using the Wave 

System where two sensors were placed mid-

sagittally on the vermillion border on the upper 

and the lower lip. To register the movements of 

the head a reference sensor was placed on a 

headgear which was worn by the subject. The 

Wave System subtracted the information 

obtained by the headgear sensor from the 

information registered by the lip sensors 

leaving only movements caused by articulation. 

The subjects were placed in profile in front of a 

generator that created an electromagnetic field. 

Simultaneously with the registration of the lip 

movements an acoustic recording was made 

using a microphone placed at breast height on 

the subject. The Wave System synchronized the 

acoustical data with the movement data by 

adding a synchronizing signal to the pure 

acoustical signal.  

Data processing 

Data from three out of five subjects were 

selected for further processing. The first 

elimination was due to the fact that the lower 

lip sensor could not be attached to one of the 

subjects. The second elimination was due to 

one of the subjects not being a native speaker of 

Swedish. 

From the remaining data, the second reading 

was chosen for further analysis. The acoustical 

recording was transcribed using Wavesurfer 

which provided an onset time for all phonemes, 

which subsequently could be matched with the 

movement data. The Wave System generates 

movement data in three dimensions, x, y and z 

and the torsion for each one of them. The 

coordinates for these dimensions were 

converted into diagrams to visualize the lip 

movements during the utterances. The diagrams 

of the x dimension were chosen for thorough 

analysis since this dimension represented the 

spatial direction horizontally parallel to the 

generator, given that the subject was seated 

with her left ear towards the generator. In other 

words, the x dimension represented the 

anterior-posterior protrusion of the lips. The 

aim was to locate the initiation of the protrusion 

movement for comparison with the acoustical 

onset of the rounded vowel. 

 

Results 
The information from the x dimension alone 

was insufficient for deciding when anticipatory 

lip rounding was initiated but the data does 

show the movement of the lips from a posterior 

to an anterior position. A higher value on the y 

axis in the diagrams indicates a more posterior 
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position of the lips. Figure 1 shows the 

reference sounds /ɐ/, /i/, /u/ and /m/. Figure 2 

shows the movement from a spread to a 

rounded vowel in the utterance “ditt skrot”. All 

figures show utterances produced by three 

different subjects.  

Figure 3 shows nonsense words with 

varying length of the consonantal string and this 

figure demonstrates that movement of the lower 

lip in the x dimension is initiated at different 

points in time before the rounded vowel.

 

 

 

 

 

Figure 1. Left to right: Subject 1-3 producing the reference sounds /ɐ/, /i/, /u/ and /m/. Red vertical 

continous lines indicate the acoustical onset of a speech sound. Red vertical dotted lines indicate the 

end of a speech sound. X-axis: time in seconds. Y-axis: posterior-anterior movement in mm. High 

values on the y axis indicate a more posterior position. 

 

 

Figure 2. Left to right: Subject 1-3 producing ”ditt skrot”. Red vertical lines indicate the acoustical 

onset of vowels. Black vertical dotted lines indicate the release in plosives. Black continous lines 

indicate the occlusion in plosives and the initiation of remaining speech sounds. X-axis: time in 

seconds. Y-axis: posterior-anterior movement in mm. High values on the y axis indicate a more 

posterior position. 

 

 

 

 

 

Figure 3. Left to right: Subject 1-3. The movement of the lower lip in the x dimension for the nonsense 

utterances /ato/ (blue line), /asto/ (green line), /aksto/ (pink line), /asksto/ (orange line) synchronized 

in time with the acoustic onset of [u] (red vertical line). The black part of the lines: [ɐ]. Black 

squares: onset of the first consonant. X-axis: time in seconds. Y-axis: posterior-anterior movement in 

mm. High values on the y axis indicate a more posterior position. 
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Discussion 
The aim of this study was to perform a partial 

replication of an earlier study by Lubker and 

Gay (1982) and compare results based on EMG 

measurements and magnetometry with results 

obtained by the Wave System. The decision to 

only analyze the x dimension generated 

problems with deciding when anticipatory lip 

rounding began because when rounding it is not 

only the degree of protrusion that impacts the 

movement but other aspects including jaw 

opening and the torsion of the lower lip seem to 

have an influence as well. Attempts were made 

to use data from the reference sound /m/ to 

create a base line as it ought to be articulatory 

neutral with regards to protrusion. This attempt 

further illustrated the difficulties in studying 

one dimension alone, as the expected neutral 

reference sound /m/ produced a larger 

movement of the lower lip towards an anterior 

position than did the reference sound /u/ for 

subject 2 and 3, see Figure 1. It was discussed 

whether the initiation of the anticipatory lip 

rounding could be set at the turning point when 

a posterior movement becomes an anterior one. 

This, however, might also include movements 

other than actual protrusion. For example in 

Figure 2 the turning point occurs during /i/ but 

the movement towards /u/ also includes /ə/. 

Hence, this movement indicates the transition 

from /i/ to /ə/ rather than the initiation of the 

protrusion. With this in mind it would have 

been arbitrary to choose the starting point on a 

visual basis alone without a theoretical 

foundation. One other possible alternative that 

might have created a base line in the x 

dimension could have been to place another 

sensor mid-sagittally on the front side of the 

upper and lower row of teeth, something to 

keep in mind for future research in the field.    

The results did show that the subjects did 

not initiate the lip rounding at the same time for 

all four nonsense words, see Figure 3. In other 

words, lip rounding is not temporally locked for 

these three speakers in these utterances but is 

governed  by the length of the consonantal 

string which would provide some support to the 

look ahead model.  

Worth noting is the possible influence of the 

technical equipment on the subjects’ 

articulation, since the sensors can make them 

aware of their lip movements. This could result 

in the subjects not using their normal movement 

pattern.  

Despite the problems with this experiment 

the Wave System has potential, as it in 

comparison to the EMG method measures 

actual movement in three dimensions whilst 

EMG technichally only measures one 

dimension; whether muscle activity is present 

or not. However, three dimensions generate a 

large amount of data that currently demands 

manual processing. Since a greater number of 

subjects is desirable in these types of studies it 

would be of great value if a dedicated software 

that translates the movement coordinates to 

comprehendable graphical representations were 

to be developed. This would enable users to 

take full advantage of the system with regard to 

its three dimensions, which potentially could 

shed new light over this field of research. 
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