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ABSTRACT 

In this study, we demonstrated the sensitivity of the Verbal 
Transformation Effect - an auditory-verbal illusion - to 
articulatory control constraints, specifically phase relationships 
between vowel and consonant gestures. The persistence of this 
articulatory phasing effect from an overt to a mental repetition of 
non-sense syllables demonstrates that phasing stability constraints 
originating from the action system may participate in mental 
representations and imagery. In addition, since the Phonological 
Loop - the verbal component of Baddeley’s working memory 
model - seems to be involved in verbal transformations, these 
results seem to substantiate the sensitivity of this memory system 
to purely articulatory constraints and, therefore, its dependence 
not only on phonological organization principles but also on 
motor constraints.  

 VERBAL TRANSFORMATIONS AND ENACTMENT 

In a set of experiments exploring auditory imagery, Reisberg et al. 
[1] examined the imagery analogue of the Verbal Transformation 
Effect [2,3]. This word game [4], which bears an analogy with the 
perceptual rivalry in ambiguous figures like the Necker cube, 
relies on the fact that certain words, if repeated over and over, 
yield a soundstream compatible with more than one segmentation. 
For example, rapid repetitions of the word "life" provide a 
soundflow fully compatible with the perception that either "life" 
or "fly" is being repeated. In their experiment, the authors asked 
subjects to repeat different stimuli and to detect a possible 
transformation – the conditions varying by degrees between overt 
and covert repetition (from loud speech to mental repetition). The 
authors showed that transformations are largely eliminated when 
subarticulation is blocked and that the transformation probability 
gradually decreases from a condition of complete externalisation 
to one of complete internalisation, through a condition of partial 
decreasing externalization (whispering, mouthing). Finally, 
Reisberg et al. concluded that subvocalized enactment enables 
refreshment and, thus, reconstrual of verbal auditory images. 

VERBAL TRANSFORMATION ASYMMETRIES 

An important issue, neither considered by Reisberg et al. nor in 
other verbal transformation studies, concerns the existence of 
possible verbal transformation asymmetries. For instance, the 
reverse transformation "fly  life" seems less likely than "life  
fly". We claim that this effect relies on the existence of 
preferential articulatory phasings which result in the 
fricative-liquid-diphtong sequence "fly" featuring a better 
articulatory cohesion [5] than the liquid-diphtong-fricative 
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ce "life". In the first case, the speaker can anticipate the 
l constriction for [l] and the anterior lingual position for the 
of the diphtong [ai] within the lip-teeth constriction 
teristic of [f]. Therefore, the two consonantal gestures in the 
e onset are in phase and the speaker can produce the three 
s of [flai] in synchrony. In the "life" case, the 
onization of [l] (syllable onset) and [f] (syllable coda) is of 
 impossible. We claim that the stronger cohesion of [flai] 
spect to [laif] explains the facilitation for the "life  fly" 
rmation; More generally, we suggest that transformations 
less to more "in-phase" sequences [6,7] of articulatory 
s should be more frequent. 

m of the following experiments was to test the hypothesis of 
 transformation sensitivity to intrasyllabic phase control 
ints by examining evidence of preferential 
rmations. 

EXPERIMENT 1 – OVERT CONDITION 

tic Material  

us on the phasing pattern within the syllable and between 
nts, we selected monosyllabic nonsense words combining 
onsonants and a vowel. Our aim was to study phase 
nships between the consonants on the one hand and 
n the vowel and the consonants on the other hand. The use 

nsense monosyllabic utterances enables to escape the 
yllabic segmentation issue [8] and minimizes possible 
 biases [9]. We chose the neutral vowel [] - likely to be 
during the repetition – and the bilabial [p] and alveolar [s] 
ants – allowing the possibility to anticipate the production 

 alveolar consonant during the production of the bilabial 
ant. 

ntial Transformation Predictions 

x sequences obtained by combination of the vowel and the 
nsonants – i.e. [ps], [sp], [ps], [sp], [ps] and [sp] - 
 phonotactically attested in French. The repetition process 
esult in shifted sequences, which belong to two natural 
:  

p 1: [ps], [sp] and [ps] sequences. 

p 2: [sp], [ps] and [sp] sequences. 

r words, we predict that participants, when presented with a 
equence, will not produce all the possible permutations but 

e naturally brought to "mentally read" the result of their 
ion according to a “shifting” parsing within each natural 
 Table 1 shows our classification of the 6 sequences 
ing to their phasing degree, i.e. the degree of 



synchronization between the consonantal and vocalic gestures. In 
accordance with the hypothesis explained above, we consider this 
phasing degree as the crucial factor determining the preferred 
transformation, if any, during the repetition process. Thus, the 
higher the phasing degree, the more stable the sequence and the 
more difficult its transformation. Conversely, a sequence with a 
low phasing degree should lead to a transformation towards a 
better-phased sequence.  

Sequence Phasing Prediction 

ps Complete – onset cluster and vowel in 
phase, consonants in the onset phased ps 

sp Average – onset consonant and vowel 
phased, coda not phased ps 

ps Weak – vowel and consonant cluster not 
phased, consonants in the coda phased ps 

ps Average – onset consonant and vowel 
phased, coda not phased ps/sp 

sp 
Average – onset cluster and vowel 
phased, consonants in the onset not 
phased 

ps/sp 

sp 
Very weak – vowel and consonantal 
cluster not phased, consonants in the coda 
not phased 

ps/sp 

Table 1: Sequence classification according to the global phasing 
degree and expected transformations. 

Subjects and Task 

Fifty-six students from Grenoble University participated in this 
study. All participants were native speakers of French without 
hearing or speaking disorders; they were tested individually. The 
task consisted in repeating a sequence aloud. If the participants 
found a transformation, they stopped and indicated it to the 
experimenter. If no transformation was detected, the experimenter 
stopped the participants after about thirty seconds. No indication 
was provided about expected transformations. The experimenter 
presented the six sequences orally; their order was randomised 
across subjects.  

Results 

Seq. ps sp ps ps sp sp misc. 
ps 75 18   02  05 

sp 50 30 02    18 

ps 29  64    07 

ps    41 43  16 

sp 04   46 39  11 

sp 07  04 20 05 55 09 

        
Total 27 8 12 18 15 9 11 
G1 51 16 22 1 10 
G2 5 36 29 18 12 

Table 2: Percentage of transformation frequencies in Exp. 1. 
Stimulus sequences in lines, transformations in columns. 

Table 2 presents the transformation frequencies observed for the 
fifty-six participants: the stimulus sequences are represented in 
lines, observed transformations are given in columns and 
maintenance of the sequences (i.e. no transformations) can be read 
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diagonal. The lower lines display the average percentage of 
ivity per transformation, for all sequences ("Total"), for 
1 only ("G1") and for group 2 only ("G2"). We carried out 
s statistical Chi-2 analyses. The results display no 
cant effect of stimulus order (Chi-2(5)=4.4, N.S), a 
cant global stimulus effect (Chi-2(5)=32.1, p<0.0005), a 
cant group effect (Chi-2(1)=4.2, p<0.05), and finally, a 
cant stimulus effect inside group 1 (Chi-2(2)=24.8, 
05) but not inside group 2 (Chi-2(2)=3.5, N.S). 

g the Shifting Parsing Hypothesis 

n "misc." represents the percentage of unpredicted 
rmations. These transformations involved a few semantic 
such as “ça se peut [saspø] – “it may be” – for [sp]), and, 
frequently, items with a larger syllabic structure than 
ed (as [psp] for [ps]). The total number of unpredicted 
rmations, although not trivial, remains however small (in 
e 11%) considering the fact that the participants were not 
any information about expected transformations. The 
rmations observed from one natural group to the other are 
ely rare. Overall, most responses occur within each natural 
(in average, 86% of the responses), which confirms the 
g parsing hypothesis. 

sion 

ther, the [ps] and [sp] syllables with an empty onset, 
gh predicted as very unstable, appear rather stable in this 
ment. This can be explained by the presence of a glottal stop 
roduced at the syllable onset by the participants (a post-hoc 
ic analysis confirmed this effect). This glottal onset 
ted the fast and connected repetition of items and hence 
d articulatory phasing [10]. Thus, this glottal onset can be 
ered as a consonant, transforming [ps] and [sp] VCC 
es into [ps] and [sp] CVCC syllables.  

l, the result pattern fits well with our predictions. In group 1, 
dictions are validated with a hierarchy [ps] > [sp] = [ps] 
s of attractivity (cf. Line G1–Table2, Chi-2(2)=39.88, 

05). The winner is the [ps] sequence, both in terms of 
y (75% of the [ps] sequences remain [ps]) and captures 
of [sp] and 29% of [ps] are finally parsed as [ps]). 
er, the glottal onset transforming [ps] into the [ps] 
 syllable makes it more stable than expected. In group 2, 
 the unexpected [sp] stability (for the same reasons as 
n group 1), our predictions are validated with [ps] = [sp] 
p] in terms of attractivity (see Line G2-Table2, 
2)=9.18, p<0.025).  

EXPERIMENT 2 – COVERT CONDITION 

ing to Reisberg’s results, the decrease in enactment from 
to covert speech should result in a decreased number of 
rmations, the interpretation being that the sensorimotor 
re less involved during mental simulation of the movement 
uring actual execution [11]. But the question arises: will the 
 transformations asymmetries displayed in Experiment 1 
 observed with covert speech? To answer this question is 

rpose of Experiment 2. 

tic Materials  



The stimuli used were the same as in experiment 1. The 
assumptions about the "shifting parsing" and the phasing degree 
hierarchy are therefore the same. 

Subjects and Task 

Twenty-nine new participants were recruited from Grenoble 
University. We used the same task as previously but with a mental 
repetition condition: the participants were told to repeat each of 
the six sequences mentally, keeping their mouth closed.  

Results 

Seq. ps sp ps ps sp sp misc. 
ps 63 10  07 10  10 

sp 31 62     07 

ps 42 07 34    17 

ps 07   69 21  03 

sp 10 03  11 48  28 

sp 21 03 07 17 07 35 10 

        
Total 29 14 7 17 14 6 13 
G1 46 26 11 6 11 
G2 17 32 25 12 14 

Table 3: Percentage of transformation frequencies in Exp. 2. 

A global statistical analysis of results (see Table 3) display no 
significant effect of stimulus order (Chi-2(5)=1.74, N.S), a 
significant global stimulus effect (Chi-2(5)=12.98, p<0.025), a 
non- significant group effect (Chi-2(1)=0.09, N.S), and finally, a 
significant stimulus effect within both group 1 
(Chi-2(2)=5.9,p<0.0525) and group 2 (Chi-2(2)=6.99, p<0.05). 

Testing the Shifting Parsing Hypothesis 

As in Exp. 1, most responses occur within each natural group (in 
average, 76% of the responses), which reflects a correct shifting 
parsing process. Although not trivial, the percentage of 
unpredicted transformations remains small (column "misc.", in 
average 13%). 

Discussion 

Overall, despite a lower number of transformations in this 
experience (except for the [ps]-[sp] sequences, see General 
Discussion), this result pattern fits with our predictions with, in 
terms of attractivity, [ps] > [sp] > [ps] in group 
1(Chi-2(2)=17.58, p<0.0005) and [ps] = [sp] > [sp] in group 2 
(Chi-2(2)=8.4, p<0.025). On the basis of global transformation 
scores, the [ps] sequence - predicted as the best-phased one - 
remains the "favourite" syllable. 

GENERAL DISCUSSION 

There is a remarkable convergence between of the results of the 
two experiments. The major asymmetries in the verbal 
transformations are the same in the overt and in the covert 
conditions, and they mostly correspond with our phasing 
predictions. This convergence can be verified by comparing the 
overall patterns of mean attractivity per sequence across 
experiments: they do not significantly differ (Chi-2(5)=6.08, N.S). 
In summary, the results of the two experiments show the same 
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er, this overall convergence must not hide two important 
nces in the results of the two experiments. Firstly, the 
y of the [ps] and [sp] sequences varies a lot from Exp. 1, 
they show an unexpectedly high stability, to Exp. 2, where 
resent a decreased stability, more in line with our 

tions. We interpreted the unexpected stability of [ps] and 
n Exp. 1 by a "glottal onset" effect, which probably did not 
n the mental repetition condition. Secondly, we observe the 
ed effect of a lower number of transformations in the covert 
ion. This evolution in the number of transformations 
n external and mental repetition conditions is quite similar 

 observed by Reisberg et al. It is therefore remarkable that, 
e of this important difference between mental and overt 
ions, the pattern of verbal transformation asymmetries 
s more or less the same in all the experiments. 

ding other possible interpretations 

ther, our results seem to show an asymmetric bias towards 
phased sequences in the verbal transformation task. 
er, could the preference for specific sequences be 
ed by linguistic constraints rather than by the articulatory 

g claim? 

 hypothesis could be that preferential transformations rely 
lable structure constraints. The study of typological trends 
ble structure [12] shows that [VCC] and [CCV] syllables are 
frequent in phonological inventories and that [CVC] is the 
requent syllable after [CV]. Our results seem indeed to 
 the largely shared constraint of avoidance of syllables with 
sonantal onset - [CVC] and [CCV] syllables do not switch 
s [VCC]. For us, the point is however that the large number 
sformations from [CVC] [sp] to [CCV] [ps] sequences is 
 in contradiction with the high frequency of [CVC] and 
s the constraint of minimal complexity of the onset. 

er concurrent interpretation could be based on the frequency 
urrence of the sequences of groups 1 and 2 in the 

pants’ lexicon. This “lexical” frequency could bias 
rmations towards more frequent lexical entries. Therefore, 
died the frequency of [psV] and [spV] sequences (V being 
al French vowel) in initial or final word position in three 
 phonetic dictionaries [13]. The results were clearly not in 
 of [psV], much less lexically frequent than [spV] although 
gely preferred in our data. If the [ps] sequence is so much 
ed articulatorily, how then can its low lexical frequency be 
ed? Our interpretation is that this sequence is 

antaged in the lexicon because of the low perceptual 
ry salience of [p] when uttered in a [ps] cluster. 

latory phasing in verbal transformations 

ther, these results strongly suggest that speech production 
ints (here, interarticulatory phasings) are likely to play a 
 the verbal transformation effect. Our results clearly 
strate an asymmetric bias within the verbal transformation 
The fact that neither universal nor language specific 
ints, nor auditory salience can account for our results – in 
lar, the success of the "all-phased" monostable [ps] 



sequence compared with the bistable [sp] sequence – argues in 
favour of the existence of purely articulatory control constraints 
acting on verbal transformations. Contrary to previous 
experiments [10,14,15], this articulatory phasing effect occurred 
without any rate acceleration. This would indicate that a sufficient 
speaking rate (about 3 Hz in experiment 1) would be more crucial 
than a speeding-up paradigm in the study of articulatory phasing 
per se. Therefore, we consider the verbal transformation task as a 
promising experimental paradigm in the study of articulatory 
phasing in speech. As a matter of fact, the pervasive concept of 
mono- vs. bi-stability in the verbal transformation paradigm is 
reminiscent of that of stable vs. unstable patterns implicit in 
classical phasing studies. However, the verbal transformation task 
allows a better control of both the speaking rate and the speaker's 
phonological aim during the repetition process.  

Another significant outcome of this study is the maintenance of 
the articulatory phasing pattern from the overt to the mental 
repetition condition. In recent years, there has been a growing 
interest in the relationships between execution, mental simulation 
and observation of actions [11]. Unfortunately, if many of these 
studies have demonstrated substantial parallels between visual 
perception and mental imagery, very few have attempted to 
describe relationships between speech production and auditory 
imagery [16,17,18]. Our results clearly show that production 
(articulatory) constraints also play a role in inner speech. They 
provide, perhaps for the first time, a demonstration that phasing 
stability constraints originating from the action system may 
participate in mental representations and imagery. 

The Phonological Loop’s sensitivity to articulatory constraints 

The Phonological Loop – the verbal component of Baddeley’s 
working memory model [19] – is considered to be involved in 
verbal transformations [1,20,21]. Our results contribute to 
demonstrate the sensitivity of this memory system to articulatory 
constraints and, therefore, its dependence not only on 
phonological organization principles but also on motor constraints. 
However, although our results argue in favour of the sensitivity of 
the phonological loop to motor constraints, we do not defend a 
purely articulatory conception of this system. We suggest instead 
that temporary phonological representations held in the verbal 
working memory could also depend on specific articulatory 
constraints. In other terms, the phonological loop may remain 
"phonological", if one accepts – as we do – the view that the 
articulatory control system plays a role in the patterning of 
phonology [22]. Finally, we suggest that verbal transformations be 
based on an "active" perception mechanism. Thus, instead of an 
output speech buffer device, we would like to consider the 
phonological loop as comprising a speech-controller sensitive to 
articulatory phasing, providing a base for the comparison and 
evaluation of speech forms, probably involved in the acquisition 
of novel phonological forms [23]. 

CONCLUSION 

Our results clearly demonstrate the existence of an asymmetric 
bias in the verbal transformation paradigm. The fact that no 
language specific constraints can account for our results argues in 
favour of their relevance for the existence of purely intrasyllabic 
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atory control constraints. This allows us to consider the 
 transformation task as a promising experimental paradigm 
study of articulatory phasing mechanisms in speech. Since 
onological loop is considered to be involved in verbal 
rmations, these results seem to substantiate the sensitivity 
 short-term memory system to purely articulatory phasing 
ints and, therefore, its dependence not only on 

logical organization principles but also on motor control. 
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