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ABSTRACT 
Effects of varying positions of stress from V1 to V2 on VCV sequences were examined. 
Preliminary results, mainly from the second formant, show that F2 (onset) in CV syllables are 
influenced by the position of the stressed. For instance, when V1 is stressed and V2 unstressed, 
V1 exerts a significant influence on the onset of CV2 (perseveratory coarticulation). In contrast 
when V2 is stressed and V1 unstressed, this effect is negligible. The present analysis offers the 
possibility of zooming in on systematic details not captured by the locus equations metric.  

INTRODUCTION 
The seamless and varied nature of speech manifest acoustically as overlapped and variable 
rather than discrete and invariant. Underlying this variability is coarticulation which has been 
defined as ‘the passive, systematic, reciprocal influences among contiguous and non-
contiguous speech segments” Fernatani et al. (1999). Context-dependent coarticulation 
according to Joos (1948) results from the fact that the movement responses to contiguous 
phoneme commands overlap in time. Gestural overlap is influenced by speaking rate and stress 
(Munhall & Löfqvist 1992).  
 
Results from the study of VCV coarticulation appear to agree with the co-production model that 
vowels affect each other across intervocalic consonant(s), and across syllables. However, 
prosody and speaking rate among other factors constrain the extent of the influence of V1 on V2 
as well as on CV2 onset and these can be used to probe subtle differences in V to V 
programming that are observable at CV2 loci. Although, several studies have documented the 
individual effects of stress and of rate on CV coarticulation, a topic that still deserves further 
attention is the extent to which changes in speech rate affect the relative prominence of the 
anticipatory versus carryover effects (Recasens 1999). The acoustic study reported here is part 
of a comprehensive endeavor to fill this important gap in the literature.  
 
De Jong et al (1993) and Magen (1997) among others have shown that stressed segments are 
less conducive to contextual variation than unstressed segments.  In V1C V2 sequences, where 
V1 is stressed, coarticulatory effects have been shown to extend from V1 to V2, but where both 
are stressed there will be no coarticulatory effects between them (Öhman, 1966). Vowels 
occurring in strongly stressed syllables are articulated with greater ‘efforts’ and configuration of 
the vocal organs to allow for less reduction and blending with adjacent segments (Lindblom, 
1963). Thus, CV overlap is partly a function of syllable prominence. Implicatively, the gestures 
of the first vowel of a VCV sequence is expected to defer to the accentually prominent upcoming 
segment. Given the diphthongal V1 to V2 proposal of Öhman (1966) we expect the temporal 
extent of the carryover effect of V1 and the anticipatory effect of V2 during V1 to vary significantly 
as a result of the context and position of the stressed segment. Acoustically, the anticipatory 
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effects should alter the formant, duration and intensity of V1, while perseveratory effects should 
produce comparable alterations on upcoming segments. Essentially, unstressed segments 
should assimilate towards the formant value of the stressed segments. Thus, the onset of CV2 
should react to positions of stress (i.e., V1 or V2). This paper tests the above hypothesis. 
 
The second aspect of this research involves the use of locus equations as a tool for measuring 
the extent of coarticulation and quantifying coarticulation overlap. Early responses to the issue 
of segmental variability focused on the transition between consonant and vowel. Delattre et al. 
(1955) using synthetic speech proposed a “locus” which was defined as “…as a place on the 
frequency scale at which a transition begins or to which it may be assumed to point”. Different 
from this definition is the locus equation paradigm first used by Lindblom (1963) and popularized 
by Sussman and colleagues. The locus equations (LE) are straight line regression fits to data 
points formed by plotting onsets of F2 transitions along the y axis and their corresponding 
midvowel nuclei along the x axis. Consequent on the tendency of F2onset to be a linear function 
of the F2midpoint of the following vowel, the locus equation reasserts the systematic and 
physical interaction between adjacent segments. In opposition to previous approaches, LE 
captures the lawfulness of (F2 transition) acoustic variability and perceptual invariance at the 
categorical level (Sussman et al. 1991). These linear equations are of the form F2onset = 
k*F2vowel + c. (Where the constants k and c stand for slope and intercept respectively). The 
slope parameter is generally interpreted as indicating the place of articulation as well as the 
extent of CV coarticulation (Krull 1987). Several coarticulatory studies have used the locus 
equation metrics however none has applied them to assess the effects of prosody on CVC 
coarticulation. This paper explores the effect of stress on coarticulation using LE. 

Research Question 
The main questions of this study are: (1) Do changes in stress produce varying pattern of 
coarticulation? More specifically, how does change in stress relate to bi-directional 
coarticulatory effects, how are the onsets of CV affected, and (2) can these changes be 
captured by the locus equation metrics? 

EXPERIMENTAL PROCEDURE 
Two male speakers of American English, without any history of speech or hearing impairment 
participated in this study. The test words consist of sequences of V#CV that were uttered in a 
question and answer conversation. The sentences were designed as follows: V1 stressed 
[paired with unstressed V2]; V2 stressed [paired with unstressed V1] V1 is made up of six vowels 
([i, , , u, o, , aj]) while V2 contains 10 vowels ([i, ej, , æ, , u, o, , , aw]). The intervocalic 
consonants are: (b, d, and g). The study was designed such that the stressed collocations are 
contiguous to the test syllables. A subset of the test material exemplifying the different prosodic 
positions as well as the three levels of contrastive stress is given below: 
 

 V1 stressed     V2 stressed 
S1. I found two beads today.   I found two beads today 
  Ia.  One bead?      -Two deeds? 
S2. No, TWO beads    N0, two BEADS 
  Ib What? Three beads?    - What? Two weeds? 
S3. No! TWO beads!    No! two BEADS! 
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Stress was elicited by asking the speakers to emphasize the tokens written in capital as an 
answer to follow up questions in their utterance. The subject reads the first line (S1) and the 
investigator replies with a question (1a) as if he did not understand the subjects’ utterance, this 
way the subject replies stressing the test word (S2). The investigator still feigning ignorance 
follows up with another question (1b) that targets the test word and the subject is forced to 
answer placing the strongest stress on the test word (S3). The list of the material contains 6 V1* 
10 V2 * 3 consonants * two stress conditions. These produced a total number of 360 tokens per 
speaker. 

Measurement Points 
All acoustic measurements and segmentations were carried out using Praat-4.2 software for 
speech analysis (Boersma & Weenik 2004). F2 values were measured following Sussman et al. 
(1991) by placing the cursor on the spectrogram at four different points: F2 at V1-midpoint, 
V1offset, V2-onset (last & first glottal pulse respectively) and V2-midpoint. All of these points were 
visually determined.  

RESULTS 
In order to assess the effects of stress on CV coarticulation a locus equation plot of the F2-
onset by its F2midpoint was made for each stop consonant and for two subjects. Table 1 is a 
summary of the locus equations analysis. It shows locus equation coefficients: slope (k), y-
intercept (c.) and the R2. S stands for subjects 1or 2.  Summary results of locus equation slopes 
(k), y-intercepts (c) in (Hz.), and R2 for each subjects (S1 & S2) for /b/, /d/, and /g/ at different 
positions of stress is shown in Table 1. 
 
               Table 1. Summary Table of LE results  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The scatterplots of Figure 1 is representative of the pattern of dispersion of the data points for 
/b/, /d/, /g/. The regression lines for both stressed and unstressed /b/ are similar. This similarity 
appears to mask or minimize the effects of stress. Furthermore, the slope value (k) rather than 
rise with increasing stress, as evidence for greater degree of coarticulation, falls, indicating 

  
V1-
stressed  

V2-
stressed 

 K C R2 K C R2 
S1 
/b/ 0.67 376 0.89 0.71 297 0.95 
S2 
/b/ 0.73 306 0.92 0.74 281 0.95 
       
S1 
/d/ 0.51 917 0.78 0.47 999 0.84 
S2 
/d/ 0.5 755 0.79 0.38 118 0.77 
       
S1 
/g/ 1.09 135 0.87 0.88 339 0.87 
S2 
/g/ 0.94 227 0.83 0.85 466 0.86 

LE: /b/ stressed & unstressedy = 0.6728x + 376.85
R2 = 0.8993

y = 0.7135x + 297.61
R2 = 0.9544
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Figure 1.  Locus equations plot 
comparing stressed & unstressed 
/b/.  The regression line equations 
showing slope and y-intercept for 
each regression appears above the 
plot 
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decrease in the extent of CV coarticulation. In conformity with more recent locus equation 
studies, results from this study show highest slopes for /g/, intermediate slopes for /b/, and 
flattest slopes for /d/, thus affirming the stability of locus equations in phonetically characterizing 
stop consonants. However, a careful examination of the summary results of Table 1 and the 
scatterplots of Figure 1 show some dynamics that needs to be further examined. For instance, 
individual data points deviate from the line of best fit by some margin. What follows is a closer 
look at this deviation using the delta analysis 

Effects of V1mid on F2onset of CV 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. F2onset data for /b/, /d/, and /g/ plotted against mean value of F2mid 
in the preceding vowel. 

 
In Fig. 2 individual F2-onsets show stress dependency-effect that was previously masked by the 
locus equation analysis. The positive slope values for each plot show a substantial effect of 
stressed V1mid on the onset of the upcoming syllable. Essentially, locus equation, constrained 
by all the vowels of the sample depicts a categorical level of organization, thus necessitating the 
need for another metric that is capable of detecting prosodic effects on a micro level. The delta 
analysis has a potential of zooming in on the finer details to show how V1-F2mid, V1-F2off, V2-
F2ons and V2-F2mid vary as a function of stress. What follows is the examination of the effects 
of stress using the finer details provided by the Delta analysis. 
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Effects of Stress on bidirectional coarticulation 
 
 
 
 
 
  
 
 
 
 
 
 
 

              
            Figure 3. F2onset data against V1mid (for d & g ± stressed) 
 
 
Table 2.  Summary results of delta plots. It shows slopes (k), y-intercepts (c) in 
(Hz.), and R2 for each subject (S1 & S2) for /b/, /d/, and /g/ at different positions 
of stress 
 

 S.1  s2  
 K C K C 
/b/ 0.06 -124.9 0.05 -80 
 0.08 -98 0.12 -176 
     
/d/ 0.09 -154 0.08 -129 
 0.1 -173 0.2 -300 
     

/g/ 0.05 -84 0.274 -414 

 0.15 -235 0.362 -532 
 
Although only the plots for /d & g/ are shown in Fig.3, the same pattern obtains for /b/.  Each 
point coordinate is derived from the mean of V1-F2mid and the deviation of each CV token from 
the mean of its locus (F2-ons).  
 
Each graph compares the delta values of each vowel in V1 when stressed against their 
unstressed counterpart. It shows that when V2 is stressed the data points are more compact and 
less steep, but this is not so when V1 is stressed. Table 2 is a summary of the slopes for the 
delta plots for /b/. /d/, and /g/ for the two subjects: S1 and S2. In bold are the values for stressed 
V1. Both the graphs and the table show greater slope for V1 when it is stressed and flatter slope 
when it is not stressed. Thus, deviation in slope values is contingent on stress and its position. 
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DISCUSSION 
With reference to the research questions, the results suggest that changes in the position of 
stress produce varying patterns of coarticulation, when V1 is stressed and V2 unstressed, there 
is a persistent effects of V1 on V2. For example, a multiple regression analysis shows that V1mid 
significantly affects V2ons. [p =0.04], while V2mid [p <0 .0001] exerts the greater influence on 
V2ons. However, when V2 is stressed, (reporting result for alveolar), V2mid has a significant 
effect on V1 [p<0.0001] but the effect of unstressed V1mid on V2 is not significant, p = 0.7. In 
addition, this result also shows that there is greater bonding within a stressed syllable as 
opposed to unstressed syllable. 
 
Conclusively, it appears that the formants are less affected by prosody on a categorical level, 
hence, the stability of locus equations. The Delta analysis on the other hand is able to produce a 
microscopic view thus allowing us to asses the extent of coarticulation within individual CV 
category. 
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