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I. SPEECH PERCEPTION 

A. hfiIMICKING OF SYNTHETIC VOVELS 

L. Chistovich, G. Fant, A. de s e r p a - ~ e i t g ,  and P. Tjernlund 

i 

It was recently suggested (l)(') that by studying the speech I 1 
! 

mimicking behavior one could gain some insight in the performance of the 

initial stages of speech perception without the complication of semantic 

and syntactic analyses of the message at higher levels of speech processing. 

In order to  elicit a response vowel corresponding to a stimulus vowel the 

nervous system has to transform the auditory pattern of the stimulus vowel 

into a set of instructions to  the centers, responsible for programming and 

control of the articulatory organs. Recently there appears to be a certain 

disagreement concerning the appropriate terminology for dealing with such 

instructions (distinctive features, motor parameters, and so on) and how 

closely they a r e  associated with immediate muscle activity and proprio- 
I 

ceptive feedback (3)(4)(5). To avoid discussion we can call this set  of i 
instructions the "Intermediate representations" of the vowel, which can be 

stored and used a s  input signals both by the mechanism of speech production 

and by higher levels of speech message processing. These signals corre-  

spond to output signals of the subphonemic auditory pattern block in Fant' s 

model (4), to  the V' representation in Stevens and House (6J, and to  the 

y representation in Galonov and Chistovich (I). It seems to  us, at  the pres-  

ent stage of research, that the physiological nature of these signals and 

their location in the brainaxe of secondary importance. More pertinent is 

the question concerning their logical structure and the rules of transfor- 

mation from auditory patterns to this representation of signals. 

Two different hypotheses concerning such rules of transformation 

of auditory patterns into instructions for vowel production seem to exist. 

One can be called the hypothesis of continuous motor representation, the 

other - the discrete o r  finite set a f  representation. Botn-h-ypothesea have - - - 

been advanced by Liberrnan et a1 (3) and F r y  et a1 (7) but unfortunately in 

a rather loose way. In order to  facilitate the discussion of experimental 

methods for checking these hypotheses we have t o  reformulate them in a 

more explicit way. 

For the sake of simplicity we shall restr ict  our consideration 

to  isolated stationary vowels and we shall assume that each vowel could 

be specified by only a single time sample of vocal t rac t  configuration. For 

a given person with specific anatomical constraints the vocal t rac t  con- 

figuration of a vowel can be replaced by the corresponding F-pattern, which 

in turn can be represented a s  a point in a three -dimensional F1 -F -F space. 2 3 



2. 

It i s  clear that the range of possible vowel sounds th&;canrbe- 

physically produced by a given vocal t rac t  is much more limited than the I 
i 

range of all possible sounds that can be produced by a formant synthesizer 1 
with independent control of 2 formants. That means that a subject mim- I 

icking vowels spoken by different speakers o r  mimicking synthetic vowels 

in any case reduced the information by transforming a larger  inventory 

of signals into a smaller  one. The difference between the two above- 

mentioned hypotheses concerns the question about how far  this reduction 

of information goes. 

Hypothesis of continuous representation 

In spite of the physical constraints of vowel articulation a con- 

tinuous representation provides an  infinite number of vocal t rac t  represen- 

tations and an infinite corresponding number of F-patterns which can be 

thought of a s  points along trajectories in this space. No empty intervals 

occur along these trajectories if they a r e  located within the F1, F2, . . . , 
F range of the subjects' speech. The hypothesis of continuous represen- n 
tation i s  based on two assumptions: ( 1 )  There is a complete control of the 

vocal t r ac t  configuration. That means that the nervous system i s  able to  

work out the motor cornmands corresponding to  any realizable vocal t ract  

configuration providing the desired position of a vowel sound along a 

trajectory in the possible range of the F1, F2, . . . , F space. (2) The n 
numerical values of the motor instruction necessary to  produce the given 

vocal t rac t  configuration de rivate from the processing of the auditory 

pattern of the perceived vowel. How this transformation is effected i s  not 

clear, of course, but something like an  analysis -by - s ynthe s is  function 

could be conceived. It i s  worth mentioning that the hypothesis of continuous 

representation is in fact accepted by a majority of phoneticians, who be- 

lieve that by listening t o  a vowel they can determine an accurate position 

of the sound within a vowel triangle. 

Hypothesis of discrete (finite set) representation 

According to  this hypothesis the nervous system "knows" only 

a finite set of motor instructions corresponding to  a finite set of different 

vocal t rac t  configurations and a corresponding set of discrete points along 

the trajectories in the F1, F2' ..., F space. n 

The logical consequence of this assumption is that the process of 

classification takes place at an early stage of transformation of auditory 

patterns into instructions for  production. The problem of evaluating the 



size and inner structure of this possible set of instructions immediately 

ar ises  if this hypothesi.~ is  accepted. Experimental data suggest that the 
(8) 

vocabulary of instructions has to exceed the vocabulary of phonemes . 
On the other hand, it is difficult to  suppose that the vocabulary of in- 

structions corresponds to  the vocabulary of all the allophones observed in 

the ordinary fluent speech. Some allophones of one and the same phoneme 

need not originate from separate instructions. A difference in production 

could also originate from different realization of the same instruction 

depending on the context (coarticulation effects in a broad sense). 

Let us now consider what results we have to  expect from mim- 

icking experiments in the cases of the first or second hypothesis being 

correct and what will be the best procedure for designing experiments that 

will allow an evaluation. 

The useful feature of the mimicking experiment is the possibility 

of direct comparison of the response vowels with the signal stimulus 

vowels. Such a comparison is of special interest provided the signal 

vowels belong to  the inventory of vowels which the subject is physiologi- 

cally capable of producing. This implies that in mimicking experiments 

it is motivated to  use a restricted number of subjects and to  synthesize 

a set of stimuli signals especially adapted to each subject. The simplest 

procedure is t o  make detailed experiments on one subject only, and after 

this to  check the conclusions on a group of subjects, using less  intricate 

methods. 

If the synthetic stimulus vowels conform with the properties of 

the subject8 8 vocal tract  it is natural t o  expect that, in the case that the 

first hypothesis is correct, the response vowels have to coincide with the 

stimulue vcxvels. Or, more precisely stated, only random deviations of 

response vowels from the stimulus vowels a r e  to be expected. 

The results, which the second hypothesis predict, a r e  more 

complicated and will depend on the relations between the variables involved 

in the experiment, including the behavior of the subject. In order to 

discuss these variables it is convenient to  refer to  the simple model 

presented in Fig. I-A-1. 

Stimulus vowels S1, S2, . . . , S a re  shown a s  points on the x- 6 
scale which can be identified with the trajectory in FID F2, . . . . F 

n 
space (see Fig. I-A-1. (a)). The auditory patterns of the vowel S. a r e  

1 
regarded a s  a random variable A. with mean value Xi and standard devi- 

l 
ation crAi (see Fig. I-A-1. (b)). The auditory pattern is compared with 



Fig.  I-A-1. Models of categorization. Explanation in the text. 



a number of boundaries T T2a T3 (Fig. I-A-1. (c)). If T1 c Ai KTZ it 
is said that the signal vowel is identified with the category C1 and the 

instruction I1 is selected. In the following transform of the instructhn 

into a vocal t ract  configuration motor e r ro r s  a r e  expected to occur and 

the response vowel Ri elicited by the instruction I. is a random variable 
1 

with mean value Ki and standard deviation oRi (see Fig. I-A-1. 

It is clear from Fig. I-A-1 that no conclusions can be reached 

in case the number of stimulus vowels is limited to  one per response 

category. Statistically significant deviations of response vowel from 

stimulus vowel a r e  to be expected but this would not prove the second 

hypothesis. The most favorable experimental and behavioral conditions 

for a decisive proof is a large number of signals per response category 

and a small standard deviation of auditory patterns. In that case the 

response vowel trajectories in the F1 F2 Fg-space will appear 2s  step 

approximations of corresponding stimulus vowel trajectories. The- average 

value of formant frequencies of the response vowel elicited by different 

stimulus vowels will be constant a s  long a s  the stimulus vowels a r e  inside 

a category region and will shift discretely when the stimuli attain values 

within an  adjacent category. This effect cannot be fully developed unless 

the standard deviation oAi of auditory pattern processing is small enough 

to  be neglected. In general it is thus necessary to  assign to  each input 

signal a probability of its belonging to  different response categories. 

As an  example the stimulus S in Fig. I-A-1 will be described 
2 

by the probability distribution PS ( I ~ ) ,  PS2 (I1 ), PS2 (I2); ps2 (Io) + 
2 

+ PS2 (I1) P (I2) = 0. This means that observing the responses 
S2 

elicited by vowel S2 we shall daal with a number of samples taken from 

the separate response distributions R R1, Rg (see Fig. I-A-I). It is 
0' 

clear, that stimulus S4 is less  likely than S2 to  evoke the instruction 10, 

i. e, P (I ) < P  ( I ~ )  and that S4 i s  more likely to  evoke the instruction 
s4 0 s2 

I3' The average set of response data will naturally be different for  S2 

and S4. Accordingly, the expected step functions of categorization will 

be more or  l ess  obscured depending on the value of oA. According to 

the model of Fig. I-A-1 additional effects can be observed in case the 

categorization hypothesis is true. If aA is small enough in comparison 

with the size of the perceptual categories the standard deviation of a 

response vowel will have a minimum for a signal in the middle of the 

category and will increase for signals located near the boundaries of 

the category. It i s  also clear that the distribution of the observed responses 

to a wide range of input signals should display definite peaks corresponding 





Table I-A-1 

The pitch contour typical for the subject8 s phonation of an isolated 

vowel was computed from a number of spectrograms and was included in 

the synthesis program. The duration of all  stimuli was fixed at 300 msec. 

A tape-recording was m d e  with the stimuli arranged in a quasi random 

order and to allow all possible sequential combinations of two successive 

atimuli. Out of the 1 2  stimuli all posaible pairs were used including 

stimu\lua repetitions. 

Experimental procedure 

The subject was placed in an anechoic chamber and listened to  

the stimuli through earphones and performed (in turn) one of three 

different tasks. One was to  mimick the vowel as accurately a s  possible 

after listening to  the whole vowel. The second task was t o  shadow the 

vowel with minimal possible delay and the third task was to  write an 

appropriate Russian letter corresponding to the vowel. The subject 

wrote the let ters  on an aluminium plate connected to  the writing pen 

via 8 signal source and an ink-recorder (Mingograph) thus enabling a 

recording of the time of starting the writing in relation to the onset of 



the stimulus vowel. These recordings accordingly showed the latencies 

of letter writing. The response vowels produced by the subject in the 

mimicking and shadowing tasks were recorded on tape and simultaneously 

on one of the channels of an ink-recorder. The recording of the stimuli 

in the second channel of the ink-recorder allowed the measuring of 

latencies of mimicking and shadowing. 

The vowels produced by mimicking were analyzed with the 51 - 
channel analyzer. Spectrum sections were taken close t o  the beginning 

of the last third of ihe vowel. These sections were produced with filters 

of 250 c/s width and 100 c/s spacing. Vowels produced in the shadowing 

experiment were measured from spectrograms. In instances when a 

pattern shift was observed during shadowing we selected the final part of 

the utterance. 

Comparison of letter writing, shadowine, and mimicking behavior 

Fig. I-A-2 shows the latencies of shadowing, mimicking, and 

letter writing. Each point corresponds to  the average of 36 responses 

for mimicking and letter writing and to  the average of 12 responses for  

shadowing. 

It can be seen that latencies of shadowing and mimicking a re  

independent of the stimulus values. The latencies of letter writing a r e  

maximal for stimuli S3, Sq, S5, S9, and Sloe Fig. I-A-3. (a) shows that 

the stimuli S3, Sq and also S S1 a re  non unique with respect to  letter 
9' 

selection. They can be regarded a s  stimuli located in the vicinity of 

phoneme boundarie s. 

Increase of the latency of button-pressing reaction (mediated 

by phoneme selection) at phoneme boundaries was described by Studde rt - 
Kennedy, Liberman and Stevens (9). Increase of reaction time is usually 

observed in a situation of forced choice experiment when the subject 

has to  select one of alternative reactions and does not receive suffi- 

ciently typical signals. It is safe t o  say that the increase of latencies 

at the boundaries of categories is a common characteristic of learned 

classification behavior, for discussion scle (5)(1 O). Absence of similar 

latency effects in shadowing and mimicking implies that either no 

classification i s  included in the particular signal processing or  that 

some more direct classification takes place. 



STIMULUS NUMBER 

Fig. I-A-2. Latencies  of l e t t e r  writ ing (a), mimicking (b), 
rapid shadowing (c). 



STIMULUS NUMBER 

STIMULUS NUMBER 

STIMULUS N U M B E R  

Fig. I-A-3. Identification of stimuli with Russian phonemes. 
Results of le t ter  writing experiments (a). 
Symbolic description of mimicked responses (b). 
Shadowing responses (c). 



The very short absolute values of shadowing latencies also 

point to  a primitive reaction. The latencies of 190 msec, obtained in 

this experiment, a r e  in agreement with data described before (11)(8). 

The most recent results (I2) suggest that the movements, corresponding 

to  vowel shadowing start in fact about 40-50 msec ahead of the beginning 

of voicing. The effective articulatory reaction time is  thus of the order 

of 140-1 50 msec, which i s  about two times less  than the established 

choice reaction time to  sounds in the simpliest two-alte rnative situation. 

In any way it i s  reasonable to suppose that the processing, responsible 

for shadowing and mimicking, is  not the same a s  that for letter selection 

and that the inventory of categories (if categorization takes place in 

shadowing) can be different in both cases. 

According to  the letter writing experiment the stimuli vowels 

form three quite distinct groups'. Group /u/comprises stimuli S1 -S3. 

Group /3/ stimuli S4-S9, and Group /a /  stimuli SI 0-S12, (see Fig. 

I-A-3. (a)). It was of interest to  see if the same grouping would be derived 

from the mimicking experiment. 

We asked the same subject to  listen to  the vowels she had pro- 

duced in the mimicking and shadowing expe rirnents and to  describe each 

response vowel by symbols. No restrictions for symbols having been 

made, the subject could use symbols from different languages and could 

also use a combination of two symbols i f  the vowel seemed to  be inter- 

mediate between two phonemes. The results of transcribing mimicked 

vowels a re  presented in Fig. I-A-3. (b). It i s  clear that the grouping of 

signals in Fig. 1-A-3. (b) i s  different from that in Fig. I-A-3. (a). In 

transcribing the response vowels, corresponding to Sy the subject in 

some instances made use of the symbol /e/ but not when transcribing 

responses t o  other stimuli. That means that at least some part of the 

responses to  S was mimicked in a different way than the responses to  3 

According to  the outcome of the mimicking experiment stimuli 

S -S form two separate groups (S4-S6 and ST-S9) and not only one, a s  
4 9 

it was obtained in the letter writing experiment. 

Mimicking of S1 is  also different from mimicking of S1 and 

S1 2. The grouping of stimuli observed from analyzing the results of the 

shadowing experiment (see Fig. I-A-c. (c)) is rather similar to that of 

* 
The Russian letter u corresponds to  i-vowels, the 3 to E-vowels, 

and the a to a-vowels. 



the mimicking experiment. Thus we can conclude that at least 6 groups 

of signals have to  be taken into account in the analysis of the mimicking 

data and that the subject used at least 6 different motor instructions for 

mimicking the 12 synthetic vowels. It is possible too that the number of 

different motor instructions is much higher (the hypothesis of continuous 

representation is true) and the grouping of the stimuli in Fig. I-A-3. (b) 

and Fig, I-A-3. (c) is a result of categorization not at the level of the 

mimicking or  shadowing by themselves but at the level of the symbolic 

transcription of the responses. 

Spectral data of delayed mimicking responses 

More direct data for studying possible categorization effects 

a r e  available from the spectral data of the subject ' s responses. Ac - 
cording to the categorization model discussed in the introduction three 

effects can be expected. (1) The average values of F1, F2, F3 of the 

response vowels should follow the stimulus values of FL8 F2' Fg by some 

kind of step-like quantizing function. (2) The standard deviation of the 

formant frequencieo of the response vowels should be minimal at the 

center of the category defined by the step and should increase towards 

i ts  beginning and end. (3) The distribution of formant frequencies of the 

composite data has to  show pronounced peaks. 

In search of such effects we first summarized the data obtained 

inthe three tests  on mimicking. But it was found that the standard devi- 

ation was too high ancl the reason for that appeared to be the systematic 

shift in formant frequencies of the vowels produced in the f irst  test  

(session) in relation to those produced in the second and the third tes ts  

(sessions). Accordingly the average F1, F2, F3 data were computed 

separately for the first and second plus third tests. In computing the 

standard deviations and formant frequency distributions only the data 

of the second + third sessions have been used. 

The results presented in Fig. I-A-4, Fig. I-A-5, and Fig. 

I-A-6 show thethree effects we were looking for. There appears to be four i main quanta1 otepe in Fig,. I-A-4 and the distribution of F2 accordingly Shows i 

four main peaks. Thus the data seem t o  be in favor of the cate- I 
I 
I 

gorization hypothesis. 

More complicated is the problem concerning the exact number 

of perception categories and the corresponding motor inst ructions used i 
by the subject in this test. Because the average values of F1, F2, F j  



* Fig. I-A-4. F1, F2, F j  data  of stimuli vowels (broken lines). 
Average values of F1, F , F3 of response vowels 
obtained in the f i r s t  t es t  ?crosses)  and in the second 
and third tes t s  (points) of mimicking. 
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Fig. I-A-5. Standard deviation of F1, F2 values of response 
vowels obtained in the second and third tes ts  of 
mimicking. 



Fig. I-A-6. Distribution of F 1 ,  F2. F3 of response vowels 
obtained in the second and third tests  of mimicking. 



of response vowels corresponding to  Sq8 S5, S6 a re  almost the same for 

all these three stimuli we a re  able to infer that all these signals were 

perceived a s  belonging to  the same category and that the same motor 

instruction was selected in response to al l  of them. The same can be 

said about stimulus groups -(SIP S2)# (ST, S8, Sq)i and (S1 1, Sl2)- This 

reduces the maximum number of possible categories to  6. Because the 

average response values for etimulus groups: (S1 ,- SZ).  (S4, S5, S6). 

(S7, S8, Sg), and (Sl 1, Si 2) a r e  clearly different we can infer that the 

number of categories and corresponding different motor instructions 

used in mimicking of 12 synthetic vowels is not less than 4. 

The analysis of the mimicking response to  stimuli S3 and S1 

i s  not clear enough. An explanation close at hand would be that S3 is 

some times perceived and mimicked in the same way a s  (S18 S2) and 

some times in the same way as  (S4, S5, S ). But the results of tran- - - 6 
scribing the S responses (see Fig. I-A-3. (b)) contradict to  this expla- 3 
nation. Also the spectral data indicate that a number of points belonging 

to  the Sg response distribution lies clearly outside the distribution a rea  

of (S1. S2) and (S*. S5, S ) responses. 6 
Thus some other explanation is  needed. It is  possible that some 

competing categories located in the vicinity S3 and S10 are  involved in 

processing of these signals. This explanation seems probable, at least 

in the case of S responses. Spectral analysis of the subject' s -vowel 3 
shows that it does not differ very much from some of the S j  responses. 

A more subtle explanation is that Sg and S1 a re  processed in a 

quite different way than other signals. The subject does not associate 

them with a single category but at once with a nun% e r  of categories. 

Then he t r ies  to produce a sound which is intermediate between the asao- 

ciated vowels. This explanation requires more complex and higher order 

structure of relations between the auditory and the articulatory rep- 

resentation spaces than it was accounted for by the above-mentioned 

model. 

If this explanation is  accepted then the responses to S10 may 

be described without assuming an additional category. Anyway, the 

mimicking data suggest from five to  six perceptian categories involved .. 

in the processiag of the 1 2  stimuli. 



Comparison of shadowing responses with delayed mimicking responses 

Fig. I-A-7 contains the average data of F l ,  F2, F 3 for mimicking 

and shadowing responses. The uncorrected data for shadowing first to  be ! 
discussed a r e  presented by dots. A clear difference between shadowing 

and mimicking can be seen in the range of stimulus vowels from S4 to 

S9* 
The shadowing data of F2 and F3 in this range can be approximated 

I 
I 

by a continuous function and not necessarily by a step function. The range 

of variation of F2 and F j  from S4 to  S is less  for shadowing than for 
9 

delayed mimicking. The question thus ar ises  whether this difference 

indicates a difference in the mode of human transformation o r  whether 

the same model is applicable in both cases, though with different para- 

meters of the model. Since the later hypothesis seems more probable 

we tested it first. The model described in the introduction was accepted 

with the specific assumptions that in the range from S4 to  S only two 9 
categories (Ia and Ib) exist and that the subject uses two different motor 

instructions only. 

According to  the model of Fig. 1 4 - 1  we can Propose two 

different explanations for reduction of the response vowel range corre-  

sponding to  the stimulus ranges S4 to  S One is the increase in the 
, 
I 

9' i 

standard deviation of the auditory pattern (uA). If oAis large both S4 

and S will elicit Ia and I instructions, the difference between proba- 
t 

9 b 
bilities P (Ia) and PS (I ) decreasing with the increase of oA. 

s4 9 a 
Another interpretation concerns the mode of transformation 

from the instruction domain, I, to the motor reeponse, R. It is evident 

that many variables a r e  involved in speech motor behavior and that one 

and the same instruction can result in different responses depending on 

the inner state of the motor centers, the time interval which i s  available 

to  organize the movements, and so  on. There is direct experimental 

evidence that motor coordination of vowel production in shadowing is 

different from that in delayed mimicking [I a 
If the only source of difference in the average F2, data for 

mimicking and shadowing is the difference in SA, then the distribution 

of response vowels in the F F plane will display the same average 
2 3- 

trend for mimicking and shadowing. Fig. I-A-8 shows that this is not 

the case. The location of shadowing responses in the F2 F plane 
3 

(Fig. I-A-8. (b)) is clearly different from that of mimicking responses 

(Fig. I - 8  (a)). Fig. I-A-7 indicates the difference in F1 location too. 1 
t 

Vbe can thus conclude that vowel production is not the same in both 

cases. The data of Fig. I-A-7 indicate that in shadowing a more 



STIMULUS NUMBER 

Fig. I-A-7. Average values of F1. F2 ,  F3 of response vowels. 
Solid lines - data from the second and third tests 
of mimicking. 
Points - uncorrected data of shadowing. 
Crosses - corrected data of shadowing. 



Fig. I-A-8. Distribution of response vowels corresponding to  
stimuli 4 - 6  (points) and stimuli 7 - 9  ( crosses )  in 
the F2-F3 plane. Data from the second tes t  of 
mimicking (a) and shadowing (b). 



centralized articulation is used as judged from a lower F1 and F2. 

Fig. I-A-8. (a) (mimicking responses) shows no doubt 

two distributions of response vowels, one corresponding to S4, '5' '6 
(points) and the other to  S S (crosses). In the case of shadowing 7' s8' 9 
(Fig. I-A-8. (b)) crosses  and points overlap and the existence of two 

response distributions is rrot so  evident. To facilitate the visualization 

of the data we introduced a new x-coordinate and plotted al l  the vowels 

on this  normalized and in equal steps quantified axis. 

The results a r e  presented in Fig. I-A-9. They ehow that also 

in the case of shadowing two response distributions exist although the 

separation between them i s  l e s s  than in the case of mimicking. It can 

be seen that the overlapping of the two response distributions is not 

large enough t o  explain the overlapping of crosses  and points in Fig. 

I-A-8, (b). It is also evident that the overlapping of two response 

distributions cannot change the step function into a smooth one (Fig. 

I-A-7). The only possible reason for such a transformation, consistent 

with the model in consideration, is the increase of oA, (resulting in 

e r r o r s  in categorization). 

If this  explanation is true, two effects have to be 

observed: (1) Points located to  the left of the T-axis of Fig. I-A-8. (b) 

(in the a r ea  of the Rb dis t r i ld ion)  .have to- belong mostly t o  S6 which is 

closest to  the boundary of the category. Crosses, located t o  the right 

of the T-axis in Fig. I-A-8. (b) (in the a r ea  of the Ra distribution) have 

t o  belong mostly to  S for the same reason. The numbers close to  the 
7 

points and crosses  in Fig. I-A-8. (b) indicate the signals provoking this 

response. It can be seen that 5 out of 8 points correspond to S6 and 3 

out of 5 crosses  correspond to S (2) After excluding from consid- 
7' 

eration the above-mentioned R responses to  Sq, b 
S5, S6 stimuli and the 

R responses to  S a S stimuli and computing the new corrected 
7' '8' 9 

values of average response vowels to  the S -S stimuli we have t o  
4 9 

obtain the same clear  s tep function dependence as in the mimicking 

expe rirnent. 

The crosses  in Fig. 1 4 - 7  represent these new corrected 

values. The existence of steps is quite evident now. Thus we have to 

conclude that the "noise of perception" (oA) is higher in shadowing than 

in  mimicking. This seems quite natural because in mimicking the 

subject can collect the information distributed along all  the signal, 

whereas in shadowing a segment of the length of 70-100 msec  only is 





used for response selection, for discussion see (4). 

It is known from psychoacoustical data that the difference 

limens of the frequency: decreases with an  i n c r e a ~ e  of signal duration up to  

150-250 msec which can be treated as  a sharpening of the auditory 

pattern response. A similar explanation can be applied to  our case. 

Another explanation is  that in perceiving the speech sound the subject i 

produces a sequence of decisions about this sound and this is his way 

of collecting the information. In delayed mimicking she may be able to  

use the whole sequence of decisions to  program one response vowel, 

In shadowing ehe is only able to  realize the individual decisions in sequence. 

In five spectrograms there appeared quite clear and abrupt pattern 

changes from one shadowed vowel to  another in the course of the vowel 

observed which proves that the subject is able to  make successive de- 

cisions in the course of perception of one vowel. A similar effect has 
(1 5 )  been observed in shadowing of consonants . 

Phonetical interpretation 

It is conceivable that the perception categories underlying the 

subjecta s response in mimicking and shadowing a re  identifiable with 

or  include the subject's allophones and vowel qualities learned from 

other languages. It is accordingly of interest to study the subject' s 

responses in a F1 F2-diagram together with F1 F2-data of such 

reference sounds. This is brought out in Fig. I-A-10 which for com- 

parison includes the vowel diagram for Swedish female subjects in the 

early study of Fant (16)* 

It was found that the data of Swedish-female subjects match 

the response data of the subject's [i] and [ E ]  and [a]  closely. The 

ser ies  of stimulus vowels 1, 2, 3, . . . , 12 trajects  the Fl -F2 plane 

from [ i] to  [a] along the outer contour of the vowel figure from [ i] 

to  [ E ]  and then takes a more centralized path inside the vowel figure 

down to [a]. This particular path was initially chosen from the sampling 

of an articulatory gesture [ i - E - a]  which in the CE - a] region comes 

closer t o  a neutral mid vowel than to the subject' 6 [ z ] ,  

The response group I i s  close to  stimuli 1 and 2 and represents 

the vowel [i] . The response group I1 has a mean value close to the 

corresponding stimulus 3 but the actual distribution of group I1 i s  bi- 

modal with a majority of points in the [ i ]  region and a smaller but 

significantly different part in the [a] region (the velarized i). Response 

group 111, associated with the stimuli 4, 5, and 6, actually l ies below 



(16) Fig. I-A-10. Small phonetic signs: Swedish female data, Fant 1959 . 
Larger phonetic signs: Vowels of subject L. C. 
1, 2, 3, . . . . 12: Signal vowels. 
I, 11, . . . . VI: Mean responses of s ix  categories from 
mimicking experiment. 



this  region at a point of higher F2 and lower I? which is close t o  the 
2 

subject' s Russian allophone [ €1. The average response of category IV 

is close to the average of the corresponding stimuli 7, 8, and 9 and i s  

not easily given a linguistic interpretation. It represents a kind of 

centralized o r  rounded [z]. The group V, i. e. responses to  stimulus 

10, appears to  be associated with a centralized [a], by the subject 

described a s  between [a ]  and a fronted [o]. Group VI, finally, repre-  

sents the subjecta s [a]. 

The response data from the shadowing experiment a r e  close 

to  those of the mimicking experiment with a tendency for a more 

centralized articulation in groups 111 and IV as evidence by a lower F1 in 

the two groups and a lower F2 in  group 111, (see Fig. I-A-7), which 

can be interpreted a s  a variation towards a neutral vowel. 

Identification test  

In the previous experiments the subject could use only a very 

short storage time. The longest latency in mimicking was about 1 sec, 

The question now a r i s e s  how the subject performs when she has to s tore 

a vowel for a considerable time and more  specifically what kind of 

representation is used for storage. 

F rom the following experime nt we hoped to  find evidence con- 

cerning the particular form in which a stimulus vowel can be stored 

for a long time. 

A kind of identification test  was used for this purpose. One of 

the twelve stimulus vowels was presented twice t o  the subject in the 

beginning of the test. The subject had t o  remember this stimulus, which 

we shall  call standard, and then, listening to a sequence of 144 vowels, 

decide about each of them whether it was the same as the standard o r  

whether it was different. In the f i rs t  case the subject had to  push a 

button twice, in the second case to  push the button once. The stimulus 

vowels and the push button response were recorded on the Mingograph 

ink-recorder. 

These identification tes ts  were repeated twelve t imes  with 

twelve different stimulus vowels serving a s  the reference. Only one 

subject, the same a s  in the f i rs t  experiment, was involved. 

We shall first discuss what kind of results could be expected 

in  the case different forms of representation were used for storage. 



Different alternatives concerning the representation used for storage 

can be suggested. (1) An auditory pattern of the stimuli more o r  less  

conforming with the acoustic structure. (2 )  A symbol o r  a set  of numbers 

indicating the perception category to which the auditory pattern was found 

to belong. The motor instruction aesociated with a specific category may 

serve this purpose. Phonetically such categories and motor instructions 

could be identical with the subject's allophones. (3) A symbol o r  a set 

of numbers indicating one of the phonemes of the native language of the 

subject. 

If the f irst  hypothesis i s  t rue the identification functions and 

latency functions a r e  to be different for all the standards. The degree 

of similarity between functions, corresponding to different standards, 

a r e  to be simply related to the distance between the standards in the 

acoustical space. If the second o r  third hypothesis i s  t rue the identifica- 

tion and latency functions, corresponding to references belonging to the 

same category, a re  not to differ significantly. This means that the 12 

identification functions and the 12 latency functions will form a number 

of groups which would be equal to six o r  to five in the case of the 

second hypothesis and i s  equal to three in order to match the third 

hypothesis in accordance with the outcome of the letter writing exper- 

iment. 

The results a r e  presented in Fig. I-A-1 l . (a)  and Fig.. 

I -  1. (b). It i s  quite clear  that the identification functions and 

latency functions form six groups, which conform closely with those 

previously observed in the formant data of mimicking responses to 

the stimulus vowel and the phonetic transcript of those responses. 

The identification test  thus suggest the ordering: g 2 ~ S 3 ,  g3fS4,  

'5, '6, g4<s7> S8, Sg. g5FslO* g6es l1 '  s lz* ~ h u s  we can con- 

clude that the structuring of the subject's memory storage comes 

closest to the second of the three above-mentioned alternatives. 

Conclusion 

The aim of the present study was to collect experimental data 

enabling an evaluation of two different hypotheses concerning the nature 

of the transformation responsible for the mimicking of a vowel. Ac- 

cording to one of them the transformation i s  continuous, according to the 

other discontinuous - a categorization i s  involved in the transformation.. 
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vowel s ignals  with one of these  se lec ted a s  a reference .  
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An interesting question ar ises:  What code is used t o  s tore  

these categories ? Because t o  each category there  corresponds a 

mimicking response, the response parameters  can serve a s  a dimen- 

sion of the stored event in conformity with a motor theory of speech 

perception. On the other hand, these categories may be stored in the 

form of quite abstract symbols. 

More interesting is that categorization takes place and the 

next object of investigation should be t o  determine the decision rules 

underlying categorization. 
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