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ON BRITISH ENGLISH p-, b-, sp- and -s + b-

Henry Petersen 

1. Introduction 

1.1. The problem 

The problems connected with the clusters consisting of 

s + stops in English must be intriguing indeed, since so many 

linguists (and educationalists, for that.matter) have done an 

almost incredible amount of work to solve them. The attention 

of the present writer was also engaged, and the result is the 

article below, which, it is hoped, will throw some light on 

the articulatory conditions of E-, ~-,~-and-~+ Q-• 
One of the pedagogical questions facing Danish teachers 

and learners of English is whether our pronunciation of written 

§_£- [s9] can be transferred to English without modification. 

Without unduly anticipating the conclusion of this article it 

may be said that the answer must be in the negative. 

Otto Jespersen (1958, p. 51) states "that the English 

sounds [p], [t], [k] remain practically unaltered when preceded 

by [s]." His view is supported by Daniel Joties. (1962, p. 139), 

who says that "Scandinavians also have a tendency to replace P 

by 9 when it occurs ... afters as in spend ... ". 

A.C. Gimson (1964, p. 146) finds that "when /s/ precedes 

/p, t, k/ initially in a syllable, there is practically no 

aspiration, even when the syllable carries a strong accent, 

cf. pin [phLn] and spin [spin] ... " and (not quite consistently, 

perhaps, p. 48) that "when /p, t, k/ follow an initial /s/, 

they are realized with no aspiration even when stressed". 

These phonetic (auditory?) facts are interpreted to the effect 

that, phonemically, the words spin, steam, scum may be tran­

cribed either as /spin, sti:m, skAm/ or as /sbin, sdi:m, sgAm/ 

without ambiguity. Providing that Gimson's phonetic basis is 
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sufficiently broad, the latter transcription is, phonologically, 

as sound as the former, of course. 

The first incentive to inquire into these things came 5 or 

6 years ago from a discussion with Professor Poul Steller, of 

Darunarks L~rerh~jskole. He maintained the views of Jespersen 

and Jones, perhaps with some modification. I agreed. 

The second impetus was given by N. Davidsen-Nielsen (1969a 

1969b),whose experimental procedures and the phonoiogical re­

sults derived from the experiments appeared to me to be methodi­

cally unsound, involving, it would seem, some confusion of the 

phonetic and phonemic levels. 

The achievement of the object outlined above rendered nec­

essary not only an experimental investigation of the articula­

tion of 2-, £-,~~and-~+£-, but also a statistical analysis 

of the varying lengths of these sounds. 

1.2. Linguistic material 

The linguistic material consisted of two groups of sen­

tences called Ia, Ib, Ic, Id (40 sentences) and II, la; II, lb; 

II, le; II, ld; II, 2a, etc. (440 sentences). The number 480 

was not attained, however, partly owing to miscounts, partly on 

account of inferior quality of a few of the recordings. 

Group I comprised four sentences with the intonation in­

dicated, e~ch spoken ten times in succession: 

Ia I 'swallow a 1bitter pill today 
' Ib I ,swallow a 'bitter pill today 
I 

le I swallow a bitter 'pill today 
I ' ld I swallow a bitter pill? 
' t I 

The object of the analysis of group I was to find out 

whether the realizations of 2 and£, respectively, in the same 

phonetic surroundings, but in different tonetic groups differ 

in respect of measurable characteristics to such a degree that 

they must be considered as belonging to the same/different 
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statistical population(s). Furthermore - as in Fr~kj~r-Jensen 

et al. (1971) - there is an indication of· the position in time 

of the plosion relatively to the glottal gesture, if any. In 

this way it was hdped that an e~act assessment of the occur­

rence of aspiration, if any, especially in the·~- cluster, 

would be rendered possible. 

Group iI comprised 11 sub-groups, each of 4 sentences. 

The sounds under investigation were said within the frame of 

a carrier sentence, word-initially, and followed by the eleven 

"pure" English vowels, in the following order: 

II, la I say 'peak today 

II, le I say 'beak today 

II, lb I say ~speak today 

II, ld w Jacki s w beak is ,red 

The other words were: pill, spill, bill, Jack's bill (sub-group 

2), pell, etc. (sub-group 3), pan (sub-group 4), par (sub-group 

5), pore (sub-group 6) pot (sub-group 7), pun (sub-group 8), 

purr (sub-group 9), ·pull (sub-group 10) ;in this group was in­

cluded the only nonsense word used: spull [spu~]), poon (sub­

group 11). Each sentence was spoken 10 times in succession in 

the order given above. 

From Group II were selected 3 sub-groups, 1, 2 and 9, with 

the object of elucidating the articulation of£-,~-,£- and~­

+ b- (114 sentences). Furthermore, sentences from sub-group 5 

were selected and compared with sentences from sub-group 1 with 

a view to finding out whether in comparable phonetic and tonetic 

surroundings the mean length of consonants. preceding vowels with 

maximum difference in the degree of opening is influenced sig­

nificantly by this difference. 

1.3. The subject 

The subject was qn Englishman, who gave the following 

account of his accent and educatioJnal background: 26 years of 

age, B. A. English from Cambridge. M.A. Applied Linguistics -

Essex University. At present completing Ph.D. in linguistics. 
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Accent: Near R. P. Southern English imposed upon South Wales 

Engfish. Very little remaini~g o~ previous dialect, except in 

the case of, e. g., orthographic• 'flew,· blew [ f.liu, bliu]. 

According to this.information th~ subject - hereafter re­

ferred to as P. ·M. - is assumed to be representative of his 

linguistic community. Obviously, the results of investigations 

of such limited scope as the present expe~iment are in princi­

ple of highly limited validity because the material offers no 

possibility of estimating several important factors. It is 

hoped, nevertheless, that inferences drawn from the sentences 

recorded may have a certain general application as regards the 

(social) group of speakers of R. P. 

1.4. Instrumentation and comments on the set-up 

The output of the Fabre Glottograph was tapped with a time 

constant of 4 seconds. The input to the transpitchmeter (set­

tings: LP filter 120 Hz, HP filter 70 Hz) was taken from the 

Fabre Glottograph, consequently the output curves were physio­

logical. The transducer of the Photoglottograph was inserted 

through the subject's nose and fixed in the oes9phagus. An aero­

meter was placed before the mouth,and a Revox Recorder (tape 

speed 7.5"/sec.) was connected to the microphone while Group 

II was being recorded. 

The speed of the recording paper was in all cases preset 

at 10 cm/sec. As, however, the speed of the mingograph was 

not exactly 10 cm/sec., but 10,25 cm/sec.,·a11 figures are 

divided by 1.025, the results thu~ obtained being very near 

approximations to the true time. 

No doubt one would be to some extent justified in reviving 

the objections of the classical phoneticians against experimen­

tal phonetics (Eli Fischer-J~rgensen (1962), p. 115 and (1957), 

p. 435). Though P. M. as a subject was all that could be de­

sired, unaffected psychologically, calm and patient, even his 

speech was influenced by the apparatus to such an extent that 

it cannot be said to be natural. This is particularly the 
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case with the nasals, which sound as if at the time of record­

ing the subject had a cold in his head. 

1.5. Introductory remarks on the results from group I 

E and b were chosen as objects of investigation for the 

same reasons as adduced in the above-mentioned article by 

Fr~kj~r-Jensen et al.: "The study is limited to labials, 

partly because this simplifies the problems since there is 

no affrication present, and partly because the choice of 

labials minimizes the risk of artifacts in the glottogram 

stemming from tongue movements" (p. 123). 

Artifacts occur, nevertheless, on account of .the movements 

of the back of the tongue, most perceptibly in open back vowels. 

Here the articulatory movements may cut off the light from the 

Photoglottograph to such an extent that glottal gestures leave 

no traces in the mingogram. Besides, there is a very marked 

artifact in most of the n-s. 

Both E and Qare word-initial and intervocalic. Their 

surroundings are chosen so as to be very nearly identical, viz. 

allophones of (a] and (I], whereas the intonation of the sen­

tences varies. In these circumstances,,such significant dif~ 

ferences in length as might be established between the means 

of the four groups of ~-sand the four groups of ~-s respec­

tively must be ascribable to varying stress and intonation. 

This assumption is the basic idea of this article. 

2. Measurements of b 

2.1. Definition of the quantities· measured in the sound b 

Figure 1 illustrates the Photoglottograph and aerom~t~r 

curves and the microphone oscillogram. 

The "dip" of the curve between the points I and Mis here­

~fter called the trough (also in£). 
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It will be seen from Fig. 1 that the aerometer curve con­

tains several salient points of interest for the measurement 

of the total duration of b. Point I is chosen at the vertex 

of the last well-defined vibration of the vocal chords in 

[e]. Point M indicates the maximum deflection of the aerometer 

·curve after the plosi6n. On close inspection of the material 

of group I it was found that in all partly devoiced specimens 

of b M coincided very neatly with the onset of vowellike vi­

brations in [I], whereas deviations were sometimes noted in 

fully voiced £'s. 

In the bulk of these cases there was perfect coincidence; 

but in some the onset of the vowel occurred from 1.5 cs to 

less than 0.5 cs before M. 

Consequently, the total duration of£ is measured along the 

time axis from I to M, and, when necessary, this measurement is 

adjusted in accordance with the distance between the vowel seg­

ments in the microphone oscillogram in order to obtain the best 

possible accuracy. 

E indicates the time of the plosion, EM (along the.time axis) 

the duration of the open interval, while IM - EM is an expression 

of the closure stage in a wide sense: transition+ hold stage. 

On account of the "floating" zero-line (see Figures 2a and 2b) 

the exact duration of EM cannot be calculated in most of the 

fully voiced b's, many of which seem to be fricative or "flapped" 

varieties of the sound (Gimson 1964, p. 154). It naturally 

follows that the mean values of EM given below are not represent­

ative. 

In the partly devoiced b's and in some of the fully voiced 

ones the duration of EM was calculated as shown in Fig. 2b. 

The ordinate his a relative measure of the maximum airflow 

in M, measured in a cubic unit, e.g. cm3/sec. Any ordinate be­

tween E and M will be a measure of the relative airflow at the 

given moment, whereas the slope of the curve indicates the in­

crease in airflow at that moment. The slope of the curve is 
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understood to be tan. of the angle between the abscissa and the 

tangent touching the curve at the point investigated. When, as 

was the case in the present experiment, the apparatus is not 

calibrated, the slope indicates the relative increase in ai~­

flow per unit of time. 

As the curve between E and M may be taken to be roughly lin­

ear, it follows that its slope is indicative of the relative in­

crease in airflow per second at any time of the interval EM. 

This assumption underlies the following measurements of re­

lative increase in airflow. 

2.2. Variations in the duration of word initial b 

As far as the duration of word-initial£ is concerned, it is 

important to decide whether samples of £'S drawn at random and 

in random numbers from uniform phonetic, but tonetically varying 

groups - like those established above - constitute a homogeneous 

material from which the average total duration of~ could be 

calculated with confidence. This would not seem to be a likely 

proposition (Eli Fischer-J~rgensen 1970, p. 37 ff), and the fig­

ures below also suggest that the answer must be in the negative. 
1 The average durations of bin cs in Ia through Id are: 

Ia 'bitter 9 .4> 
*** Ib 'bitter 11.2 

* Ic ,bitter 7. 6>~? 
Id ,bitter 8.6 

The difference between the means of£ in a stressed syllable 

with (relatively) high and static tone (Ia) and·£ in nuclear 

syllable with High Fall (Ib) is highly significant (exceeding the 

1) One asterisk indicates significance at the 95% level (or 
better), two and three asterisks.at the 99% and 99.5% levels 
respectively. o = not significant. 
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99.9% level), which must very nearly rule out the possibility 

that the difference is accidental. As, however, the two sounds 

occur in the same phonetic environment (with the possibly best 

approximation), it would seem safe ·to conclude that the differ­

ence in total length must be ascribed to membership of different 

tonetic groups (this does not answer the question whether ~•sin 

the same tonetic, but in different phonetic surroundings con­

stitute distinct statistical populations). 

The other two analyses (a£ in a "normal" nuclear syllable 

does not, unfortunately, occur in the material) result in a 

similar, but perhaps a little more non~committal no to the 

question posed, the significance level in the case of Ia and 

Id exceeding the 95%, but not the 97.5% level, and in that of 

Ic and Id the t value being not quite, but very nearly equal 

to the t value of the 95 % level (this is suggested by the? 

after the asterisk). 

The conclusion of the above considerations must be that 

the duration of word-initial bin intervocalic surroundings 

cannot be calculated without due allowance being made for rhyth­

mic and tonetic groupings. 

2.3. Degree of voicing in b 

There are rather large discrepancies between the amount of 

voicing shown by the Photoglottograph and the amount shown by 
J 

the physiological duplex oscillogram (tapped from the Fabre 

Glottograph) - the latter showing longer intervals of voice­

lessness than the former. 

It was therefore decided to measure the amount of devoicing 

from the duration of the glottal gesture in the Photoglotto­

graph curve. 

The figures are shown in table I below. 
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The average duration of all partly devoiced £'Sand the 

ratio of devoicing to total duration are given in parantheses, 

the average duration of all fully· voiced items in square brack­

ets. 

As the numbers in question are too small, no conclusions 

can be drawn, but the figures may give interesting hintso 

Ia 

lb 

Ic 

Id 

fully partly 
voiced devoiced 
items items 

'bitter 3 6 9.4 

'bitter 2 8 11.2 

1
bi tter 7 2 7.6 

•bitter 5 5 8.6 
I 

TABLE I 

average 
duration 

of bin cs 

(10.0) [8.4] 

( 11. 3) [ 10. 9] 

(9.9) [ 7.0] 

(9.1) [ 8 .o] 

average devoicing 
devoicing in 

in CS % 

1.4 14.9 ( 20. 8) 

2.4 21.4 (26.4) 

0. 4 5.3 (19.3) 

1.1 12.8 (24.1) 

The above ratios suggest that the voicing of bis to some 

extent dependent on the total duration of the sound: the 

shorter it is, the smaller the amount of devoicing in it, and 

the greater the probability of its being fully voiced. 

In group I all ~•s with a total duration of 8.4 cs or less 

were _fully voiced. 

Allowance being made for the small populations of the 

present material, the general conclusion would seem to ·be 

warranted ~hat the duration of£ is dependent on the rhythmic/ 

tonetic conditions of the words in which the sound occurs and 

also (as will appear later) on the length of the sentence. 

Consequently, the maximum probability of intervocalic b 

being fully voiced will occur in weakly stressed words in 

(relatively) long sentences. 
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2.4. Survey of b in group I 

TABLE II 

open clo-
inter- sure 

Min val in in V 
CS CS CS (slope) tan. V 

N s h 

Ia 'bitter 9 1.1 9.4 2.2 7.7 12.5 68°-84° 5.9994 

Ib 'bitter 10 1.2 11.2 2.4 9 .o 14.1 71°-84° 6.5341 

Ic 
1
bitter 9 1.7 7.6 2.3 7.3 10.2 69°-83° 4.3227 

Id 
1
bitter 10 0.8 8.6 2 .o 6.8 10.7 68°-83° 6.1893 

\ J 
V 

these figures 
are not repre-
sentative 
(see 2.1.) 

3. Measurements in p 

3.1. Definition of the quantities measured in the sound p 

The parameters of the sound£ are shown in Fig. 3. 

The total duration of the sound£ is measured- along the time 

axis from I to s, and the measurement is compared with the corre­

sponding distance between the vowel segments in the microphone 

oscillogram in order to obtain the best possible accuracy. Point 

I is placed at the vertex of the last well-defined vibration of 

the·vocal chords in [a] and Sat the starting point of the first 

regular vibration of [I] after the aspiration phase (in the micro­

phone oscillogram). 

Very frequently point E - the lowest point in the aerometer 

curve - did not coincide with the plosion, so that in many cases 

the airflow through the instrument had started before the plosion. 

The cause of this is probably movements ·of the lips preceding the 

plosion proper. 
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Fig. 3: parameters in p 
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The open interval is measured in the microphone oscillogram 

from the onset of the aspiration to the beginning of vowellike 

vibrations. 

The closure is calculated as the difference between total 

duration and open interval. 

In groups Ic and Id the plosion nearly always took place 

during the opening phase of the glottal gesture (2 instances in 

Ic could not be decided), in Ib the plosion took place during 

the closing phase in 6 cases, in 1 case during the opening phase 

(3 could not be decided), and in group Ia there were 2 instances 

of plosion during the.opening phase, 2 of plosion during the 

closing phase, and 3 could not be decided. 

his the ordinate through the aerometer maximum normal to 

the axis in F. 

The angle Vis an expression (generally somewhat "idealized") 

of the angle between the time axis and the longest nearly recti­

lineal segment of the aerometer curve from E to the point of 

maximum deflection of the curve. 

As will be seen later, in(~)£-, where point E indicates 

the time of the plosion, the line segment IS (along the time 

axis) is in most cases of approximately the same length as IF, 

so that ES~EF. 

3.2. Variations in total duration, closure and open interval 

in word initial p 

The average values of total duration, of closure and open 

interval (all measured in cs) are -shown below. 

total open 
duration closure interval 

Ia pill 14. 5> 
I r 10. 4:5 0 4.2:5' 

I 
I ~7 l ' *** *** 

Ib pill 13.2)*** 
•·w-* 

10.0> ** 
3. l:>~ ' I 

0 *** 
l .0 

Ic 'pill 15. 6)' 
I 

12.0.:> * . .! 3.6> 
I i I 

Id pill 14. 8 * 3.9 O 10.9 , 
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It will be seen that the total duration of intervocalic 

word-initial Eis highly sensitive to shift of stress and tone. 

Also the closure of£ is affected, but not to the same degree, 

perhaps. 

The open interval seems to be the stablest component of 

the sound: only the short open interval of Ib (unstressed, 

low and level tone) differs significantly from Ia and Id. In 

all other cases there is no significant difference. 

The figures seem to indicate that the open interval of£ 

in nuclei with Low Fall and Low Rise is comparatively long. 

It may be a little surprising that the duration of the open 

interval in the High Fall group (Ic) does not differ signifi­

cantly from that of the other groups. 

The difference between Min Ia and Id is not significant, 

which means that E's in Low Fall and Low Rise groups constitute 

one statistical population. The difference in average duration 

may be supposed to be accidental and not attributable to member-

ship of different tonetic groups. N.B.! The length of the 

sentences is not the same, so that the validity of the conclusion 

may be contestable. 

In all other cases the difference between the means is sig­

nificant or highly significant, for which reason the groups must 

be considered as belonging to different statistical populations. 

The conclusion of the above is that in uniform phonetic 

surroundings the total duration of£ varies significantly with 

membership of different tonetic groups (with the said exception). 

The stronger the stress and the longer the tonetic glide, the 

greater the total duration. 

On the whole, the standard deviations.for the four groups of 

E's are smaller than those for the four groups of b's. Statis­

tically, the duration of E must therefore be said to be a rela­

tively more stable quantity than that of b. The reason is not 

far to seek. Phonetically, the b's are two different sounds: 
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a partly devoiced and statistically rather stable sound and a 

fully voiced and comparatively unstable sound, which in some 

cases, it would seem, may be "flapped" or even fricative. As 

an example of the unstablene~s of~ it may be mentioned that 

the standard deviation for bin group Ic ( 
1
bitter) is 1.7 for 

the whole population; the range is 5.4 cs. The range of the 

fully voiced b's is 4.2 cs, of the partly devoiced items it is 

0.9 cs (there are only 2 such sounds in the population). In£ 

in Ib (
1
pill) the standard deviation is 0.7, and the range is 

2.4 CS. 

3.3. IS and IF values 

It is of importance to remember that in initial£ total 

duration (IS) is always distinct from the distance in time 

between the implosion and the moment of maximum airflow, so 

that IS >IF, whereas in E preceded by~ the difference between 

the two values tends towards zero. 

3.4. Increase in airflow on release of p (tan. V values) 

It will be seen that the tan. V measurements show a sur­

prising amount of uniformity, the four groups only differing a 

few degrees from one another. As some uncertainty is inherent 

in the method of measurement, a certain caution should be exer­

cised in the interpretation of the differences between the tan. 

V values. No doubt, however, it would be safe to suppose that 

of the four groups Ic has the relatively greatest increase in 

airflow per unit of time, and that this quantity is dependent 

on the extent of the tonetic glide (and the stress?). 

3.5. Comparisons between the lengths in groups I and II 

Some statistical calculations were made in order to compare 

lengths of certain segments selected from groups I and II. 
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a. Ic total duration of pin 'pill and II, 2a total duration 

of pin 'pill 

The difference between the two means is significant (exceeding 

the 99.5 % level). Both occur in intervocalic positions in 

High Fall groups, though not between the same vowels. 

Alternative interpretations present themselves: 

(i) the difference between the means is either ascribable 

to the fact that the phonetic surroundings of the two E's are 

not quite the same, [a-p-I] in Ic and [ei-p-I] in II, 2 a, or to 

(ii) the rhythmic-tonetic differences between the sentences. 

Ic has 9 syllables, of which - besides the nucleus - at any 

rate two (Nos. 2 and 5) carry a certain amount of stress, where­

as II, 2a has only one stress, viz. on the nuclear syllable. 

It is hardly possible from the material to make out a strong 

case for the rejection of (i). However, two statistical calcula­

tions speak in favour of this. 

Firstly, the difference between the total duration of E in 

II, 2a and in II, 3a is not significant (below the 60 % level): 

they belong to the same statistical population. These two sen­

tences are rhythmically and tonetically identical, whereas phonet­

ically they are "unilaterally" identical. Thus the difference 

in degree of opening/place of articulation for [I] and [e] does 

not bring about a significant difference between the E's in 

these phonetically differen~ surroundings. 

Secondly, the word pill in the sentences Ic and II, 2a was 

segmented into [p] and [I~] on the aerometer curve (according to 

the usual criteria). 

The mean of the total length of the latter segment was in 

Ic 19.9 cs, s = 2.1. The corresponding figures were for II, 2a 

26-lcs and 1.2. The difference between these means is highly 

significant (exceeding the 99.95 % level). Thus· the two segments 

belong to separate statistical populations. As the phonetic 
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surroundings of [I~] in the two words are identical, there is 

every probability that the difference arises from tonetic con­

ditions. 

Moreover, the difference between the mean of the word pill 

(total length) in Ic (M = 35.5 cs, s = 2.0) and the mean of the 

word pill in II, 2a (M = 43.9 cs, s = 1.4) is also highly 

significant (exceeding the 99.95 % level). 

On the strength of this evidence the first sentence of the 

alternative (i) is rejected, and the difference between the 

means is supposed to arise from rhythmic-tonetic "causes". 

b. Possible influence of follo~ing vowel 

Though the difference between the means of E in II, 2a 

and II, 3a is not significant, the possibility remains that 
) 

significant differences between the means of the two sounds 
v 

might be concomitant to greater differences in degree of opening/ 

place of articulation of the vowels following El£• 

Comparisons were only made between total duration of E in 

II, la (peak) and of£ in II, Sa (par) and between total dura­

tion of£ of the same sub-groups (beak, bar). For the E's the 

difference between the means was highly significant (exceeding 

the 99.95 % level), and for the ~•sit was very probably sig­

nificant (exceeding the 97.5, but not the 99 % level). As the 

rhythmic-tonetic conditions of these sentences are identical in 

pairs, it is hereafter taken for granted that at any rate ex­

treme differences in degree of opening/place of articulation may 

influence the total length of£/~ ·significantly. (N.B. perhaps 

the difference between open/closed syllable should not be dis­

regarded, but further experiments are required to verify/falsify 

this proposition). 

In consequence of the facts established above it was con-, 
sidered safer to make comparisons between items from within the 

same group and not between items from diff~rent groups. 

Though the influence of the degree of opening/place of 

articulation has not been sufficiently clarified, there is, on 
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the whole, no doubt that if reliable statistics of quantity in 

English are to be established, due allowance must be made not 

only for this problem, but also for rhythmic-tonetic phenomena. 

Failing this, one runs the risk of uncritically confusing 

quantities fro~ distinct statistical populations. 

3.6 Survey of pin group I 

TABLE III 

total open 
dura- inter- clo- IF 
tion val sure in V 

N s in CS in CS in CS CS h (slo:ee) tan. 
0 

:J. 

Ia pill 7 0.7 14.5 4.2 10.4 13.4 19.2 82°-85 9.5233 
' 82°-85° Ib -
1
pill 10 0.7 13.2 3 .. 1 10.0 11.9 16.4 8.9726 

Ic 'pill 9 0.7 15.6 3.6 12.0 . 14. 3 • 20.3 85°-86° 12.7060 

Id ,pill 10 1.1 14.8 3.9 10.9 13.2 18.6 84°-86° 11.1010 

4. p-t sp-, b-, -s + b-

4.1. General remarks 

Groups II,l; II,2; II,9 were selected for the investigation 

of the relationships between the above-mentioned sounds (see 

1.2.). 

Some calculations were made to establish whether the E's and 

the b's of the 3 groups differ significantly or not. 

The results were as follows: 
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£ 

total open 
duration interval closure 

CS CS CS 

II, la peak 11 .3 :>o I 3.9)* 13.4)0 
I I 

II, 2a pill 11. 8" • *** 4. 4> ** 13. 4)0 0 

II, 9a 18. 8 /* r *? I I purr 4.8 13.9 

b 

total 
duration 

CS 

II, le beak 15.0 
I > *** 

II, 2c bill 13. 5.> 0 

*** I II, 9c burr 14.9 

Accordingly it was decided to make comparisons only between 

members of sub-groups within the same group (see 3.5.). 

4.2. Comparisons in group II,l 

a. p-/(s)p-

The segmentation of this cluster presents a problem on 

account of the co-art~culation of the two sounds. However, there 

is always a clear "hump" in the aerometer curve immediately fol­

lowed by t~e sudden drop of the£ transition. It was decided to 

place the divi~ing line betweens and£ just after the vertex of 

this hump. At this point the s noise in the microphone oscillo­

gram seems to have weakened very much or to have stopped alto~ 

gether. 
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The difference between the means of the total duration of 

E (IS) in peak and speak is highly significant (at the 99.9 % 

level). Statistically, the two stops, which occur in comparable 

rhythmic-tonetic groups, do not belong to the same population. 

The difference must be ascribed to phonetic "causes": s pre-

cedes E.· 

The duration of the open interval of (~)E. in this group is 

only about 1/3 of that in E· Besides the intensity of the aspi­

ration is slight, it may even be inaudible. It is, however, 

in all cases a stable physiological component of the "weakened" 

E· Also the means of the closure (10.4 cs and 13.4 cs respec­

tively) differ significantly (at the 99.5 % level). 

The h values show that, on the average, the relative maxi­

mum "airflow in (~) E- is only .about 2/3 of that in E· Similarly, 

the relative increase in airflow per unit of time is smaller in 

the former than in the latter (see table IV, section 4.5 below). 

The most important difference, probably, between the two 

sounds (and very likely the one from which all other differences 

derive) is found in the glottal gesture: E- has its own ~esture 

with a duration of about 17 cs, whereas sand£ in~-, as it 

were, share a glottal gesture of somewhat longer duratio~ 23 -

24 cs. The outstanding feature is that~ always occupies the 

whole of the opening phase and more or less of the closing phase 

of the glottal cycle, so that the implosion of E begins only' 

during the latter phase. 

The plosion (point E) takes place late, in fact only when 

the closing has been accompli~hed (the curve of the Photoglotto­

graph has become "horizontal" s~me cs before E), from which it 

will be understood that the open interval is short, and the 

aspiration weak: at the time E the gl~ttis is being adjusted 

for phonation. This adjustment is achieved when - after the 

release - the supraglottal pressure has dropped sufficiently. 

But in E this has not yet taken place. Kim (1970 p. 114) 

states that "by the time /p/ is released, the glottis will 
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already have become so narrow that the voicing for the follow­

ing vowel will immediately start, and then we have an unaspi­

rated /p/ after /s/". If this is to be taken as a general rule, 

I disagree. My photoglottograms show very clearly that as far 

as the onset of voicing is concerned, the statement does not 

hold generally, at least not for my (British English) informapt. 

Everywhere in group II, lb it has been possible to draw an 

acceptable and consistent dividing line between the~ and E 
segments. 

b. pin sp- and bin -s + b-

It has been demonstrated in section a. above that the char­

acteristics of£ when preceded by~ are altered radically. Pho­

netically, the sound comes closer to£ in many respects. T~e 

question is whether it is identical with b from an articulatory 

point of view. 

The difference between the means of total duration of E in 

speak (11.8 cs) and of bin Jack's beak (12.8 cs) is significant 

at the 99.5 % level. 

Now the previous investigations have shown that quantity in 

phonetically comparable groups is greatly influenced by differ­

ences in the rhythmic-tonetic structure of the sentences. Un­

fortunately, at the outset I was unaware of the exact nature of 

these facts (but had a suspicion of them). It follows that the 

appropriate test sentences were not made. 

However, from a durational point of view(~)£- is neither 

E nor£, total duration of E-, (~)p-, band (-~+)£- being 17.3, 
11,8, 15,0 and 12,8 cs respectively. 

As regards aspiration and voicing,the two sounds
1

also differ 

from each other: in ·(!)E- aspiration is a stable feature, where­

as in(-!+)~ - it is mainly unstable or missing. Moreover, 

there is a somewhat unstable, but nevertheless unmistakable 

tendency towards voicing in the EM phase in(~~+)£-· In (~)E-
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this tendency is entirely lacking during the release stage. 

Only in 7 cases out of 9 did the Photoglottograph show a 

glottal gesture underlying the~-~-£ segments (and even these 

seven were not all very clear). 

There seems to be no evidence of any particular artefacts 

(e.g. that the tongue or the epiglottis may cut off the light 

from the light source) associated with the ~hoto-glottography 

of sequences like~+ labial+ high front vowel (Fr~kj~r-Jensen 

et al. 1971). Hence a tentative interpretation of the timing 

of£ relatively to the glottal cycle may be ventured: £ only 

occupies a small part of the glottal gesture, if any, in the 

articulation of k-s-b. As far as can be ascertained, its im­

plosion falls very late in the closing phase, and no separate 

gesture underlies the hold and release stages, during which 

the curve is "horizontal". This feature, too, distinguishes 

(-~-..a£- from (s)E-· The fact that the s.ounds of the~- cluster 

share a glottal gesture, whereas b- is located outside or "at 

the edge of" the glottal gesture for-~-~ might, perhaps, be 

interpreted to the effect that there is a juncture effecting 

a less intimate connection. •between the sounds in -s + b- than 

in~-. 

The "two-humped" shape of the few tolerably clear photo­

glottograms of the series II, ld (Nos. 1, 4, 5, 6) leads one to 

suppose that-~-~ are less intimately connected fare there 2 

commands?) than~-, whic~ only seems to have one command, and 

that ·b- has no command at all. 

In this)sub-group there is no voicing during the hold stage. 

c. bin beak and bin ·Jack's beak 

The difference between the means of the total duration of 

the two b's is very probably significant (exceeding the 95 %, 

but not the 97.5 % levelfa This agrees well with previous 

findings. 
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d. Total duration of sp- in speak and -s+ b- in Jack's beak 

As they occur in separate tonetic groups, and as the rhyth­

mical structure of the sentences is not the same, these two 

values are not directly comparable. Statistically, the latter 

(s = 0.8) is a more homogeneous group than the former (s = 1~6). 

The difference between their means is highly significant (at the 

99.5 % level). 

4.3. Comparisons in group II, 2 

a. p-/ (s) p-

Here, too, the difference between the total duration is 

highly significant (at the 99.9 % level). It follows that the 

two £ 1 S belong to separate statistical populations. 

The aspiration in II, 2b is more conspicuous in the micro­

phone oscillogram and makes up a larger proportion of the aspira­

tion in II, 2a than is the case in II, lb ,compared with II, la. 

On the whole, (~)2- in this group is more like a· 2- than 

the corresponding sound in II, lb; thus the values of maximum 

airflow and relative increase in airflow per unit of time are 

greater and approximate or exceed the values of b- in II, 2c -

in contradistinction to II, 1, in which the values of b- exceed 

those of (~)£- in either respect. 

b. pin sp- and bin -s + b-

A glottal gesture for k-s-b was only visible in a few cases 

in the photoglottogram (always a minor one); in the remaining 

cases the glottogram suggested "closed glottis" without voice. 

In the aerometer curve for Nos. 6 and 7 (II, 2d) the~-~ 

segments were fused in such a manner that segmentation was 

rendered impossible. This procedure was, however, very diffi­

cult in several items of this series. Another peculiarity was 

a relatively heavy aspiration sometimes occµrring side by side 
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with beginning voice in the release stage. Thus this b with its 

great hand tan. V values is to some extent
0

suggestive of a E-· 
For significance, etc., see 4.2 a. 

c. ~otal duration of sp~ in spill and -s + b- in dack's bill 

The difference between the two sets of means is highly 

significant (99.95 % level). 

4.4. Comparisons in.group II, 9 

a. p-/ (s) p-

As in the previous two groups, the difference between the 

means of total duration is highly significant (at the 99.5 % 

level). 

The photoglottograms for E-, whose total duration is the 

greatest in the 3 groups, show outlines differing much from the 

usual, rather regular conic section. Three (Nos. 1, 2, 10) 

show a marked plateau, several cs in duration, instead of the 

usual "peak", three (Nos. 7, 8, 9) are distinctly "two-humped", 

whereas only one (No. 6) is of normal shapee 

The two-humped shape is very likely the most interesting, 

as it is difficult to explain from the assumption of only one 

command per E· How are the movements maximum glottal opening 

--~> diminishing glottal opening > maximum glottal opening 

to be visualized from the assumption of only one command? 

It is impossible to take a decision on the question whether 

the apparatus functioned abnormally (small displacements of the 

light source?), as the effect on the glottogram, if any, of such 

displacements is unknown. 

The total duration of E- in II, 9a was the greatest of the 

three groups under consideration. Its relationships in this 

respect to the other two E's is seen in 4.1.). 

The outline of the glottal opening for the~- cluster is 

decidedly asymmetric, even more so, perhaps, than in the other 
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two groups, so that the opening phase of the cycle is clearly 

shorter than the closing phase. 

b. p- in sp- and b-· in ·-s + b-

As the b's of II, 9d - alone among the b's of the 3 

groups - show a marked tendency towards voicing in the IE phase, 

they deserve special mention. This applies to Nos. 2, 4, 6, 8, 

9, possibly· also to 1 and 10. This fact is remarkable as it 

demonstrates that£ preceded by~ (in open syllables?) is not 

necessarily devoiced in its entire length, even during the hold 

stage, where onset of voice occurs in the latter half of the 

closure. 

This may also provide an answer to the important question: 

what is the fundamental q.i_fference·. between E. and £ in English. 

On the evidence of the photoglottograms investigated for 

this article my tentative answer to the question would be like 

this: £ is, as it were, "tied" to a glottal gesture in all 

positions (with potential aspiration as a consequence), where­

as£ is "free" in this respect. The supraglottal pressure 

having risen to the critical level, phonation ceases in£, but 

the vocal chords do not part, and so phonation is resumed when­

ever permitted by a sufficient drop in the oral pressure. 

This is seen clearly in the case of (~)£- and {-s +)Q- in 
groups 9b and 9c. In the latter, phonation is frequently re­

sumed during the hold stage. This phenomenon is never seen in 

(~).2-: in this cluster P. is also "tied" to a glottal gesture 

shared with s. 

With some confidence I therefore venture to say that 

a "p"is a [p] also when preceded bys, and a "b" is a [b]. 
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The difference between the means of band 2 is not 

significant. 

c. b in burr and b i·n Jack's· burr 

The difference between the means of the two sounds is 

highly significant (exceeding the 99.5 % level). 

d. Total duration of ·sp~ •in spur and ~s + b- in Jack's burr 

The difference between the· two sets of means is highly 

significant (exceeding the 99.5 % level). 

In the preceding paragraphs an attempt has been made to 

find an answer to the question: can ·(~)2- be looked upon as 
a .£ on articulc;itory grounds, phonetically ·a·nd phonologically? 

In other words, is the notation /sbi:k/ "as good as" .the 

notation /spi:k/? 

The answer must be in the negative on grounds deducible 

from the phonetic facts brought to light by this investigation. 

Admittedly, the total duration of 2 is shortened drasti­

cally in the~- cluster, which brings (~)2- nearer to£· But 

in spite of any such alterations ·(~)2- potentially retains its 

aspiration actualized in a measurabl~ quantity in 28 of the 29 

specimens investigated. Moreover~ ·(!)2-'s relationship to the 

underlying glottal gesture __ is different from the conditions 

obtaining in both b- and ~s + b-. This is most important. - .. - -
In a similar way bis changed after_! (devoicing, tendency 

towards aspiration in the open- interval), but the sound poten­

tially retains voicing, frequently actualized in the open inter­

val and even during the closure (group II, 9 d) •. Furthermore, 

it may be supposed that the total length of' bis not materially 

shortened afters. Finally, that unlik& E it has no separate 
command. 
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But perhaps the question itself is posed the wrong way, 

and the answer consequently inadequate or inconclusive. 

Perhaps one must say that under su~h and such conditions 

a given sound will be perceived as· E (in English), whereas 

the identical sound under other conditions would be perceived 

as b. 

This might be called a relational approach. As regards 

labial stops it implies that wh~t is heard not only depends 

on what is actually said, i.e., what can be said about the 

utterance in physiological and acoustic terms, but also on. 

the ears that hear, and on the relational conditions under 

which the utterance is said and heard (perceived). 

And linguistic "relativity",. it would seem, not only 

applies to the.total duration of stops, but to any speech 

sound. 

It was demonstrated in 3.5. that the total ~ength of pill 

in Ic and pill in II, 2a varies significantly with the rhythmic­

tonetic conditions obtaining in the sentences. The same is the 

case with the [I] segment in the same two groups. But even 

vowels seem to be subject to "relativity". The length of the 

[I] segment in bitter (group I) can easily be measured in the 

aerometer curve. The means of the four groups are respective-

ly a: 5.1 cs; b: 6.2; c: 4.9; d: 5.0. The difference be­

tween the means of a and bis significant (at the 99 % level), 

s = 0.7 (for a) and= 1.0 (for b). Other.calculations were 

not made. 

Seen from a relational point of view the question posed 

above concerning the identity of E in the ·~ cluster actually 

becomes a pseudo-problem. 

If in a given relatio·n (or context), e.g. in the ~ 

cluster, the sound is perceived as a£, it must be accepted 

that the sound ·is a£ in that context, even if a certain 
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amount of physiological-acoustic·evidence could be adduced to 

the contrary. Which is hardly possible in this case (see 

above}. 

Consequently, if such a~ is isolated from its relations, 

by removal of the~ noise, e.g., one might very well anticipate 

'b perceptions {in English). From a relational point of view it 

would seem possib.le to predict this kind of perception with 

appreciable accuracy on condition that one knew the rhythmic­

tonetic conditions under which the word was spoken. But the 

amputation of~ brings about new contexts, new significant 

relationships,· probably. And what importance can then be 

attached to the result of such an operatton? 

If this is so, the ground is cut from under the· phonologi~· 

cal discussion in favour of the interpretation [sp] ~ /sb/. 

4.5. Survey of group II 

TABLE IV 

a) subgroups la, 2a, 9a 

total open 
dura- inter-
tion val clo- V 

pin N s •in CS in CS sure IF h (sloee) tan. V 

' peak 9 1.3 • 17. 3 • 3. 9 13.4 15.7 22.8 85°-87° 14.7252 
'pill 10 o.8 17.8 4. 4 • 13.4 16.4 24.6 86°-87° 17.1690 
·'purr 10 1.0 18.8 4. 8. 13.9 17.2 25.4 8o 0 -a1° 13.3884 

7 
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b) subgroups lb, 2b, 9b 

total open 
dura- dura- in-
tion tion ter-.clo- V 

s;e- in N of s· ·of E • ·s val sure EF h • ·(slope) tan. V s + p 

speak 9 9.7 11.8 o. 6 1.4 10.4 1.5 15.3 83°-87° 11.4893 21.5 
spill 10 11.6 12.3 1.2 1.5 10.8 1.6 17.2 85°-87° 14.9699 23.8 

spur 10 11.3 13.0 0.9 1.8 11.1 1.9 17.8 83°-86° 11.6756 24.2 

Of a total of 29 E's 10 items had relatively strong aspiration, 

18 items had weak aspiration, and 1 could not be decided. 

c) subgroups lc,·2c, 9c 

total open 
dura- inter- clo- V .fully 

b in• N s ticn va·1 sur·e h • ( slo;ee)· tan.· V • :v-oiced 

beak 9 0.9 15.0 1.5 13.5 16.3 84°-87° 13.3433 2 

'bill 10 0.9 13.5 1.3 12.2 17.8 85°-86° 12.8655 4 
\. 
burr 10 1.2 14.9 1.4 13.5 18.0 82°-87° 13.5395 '6 

d) subgroups ld, 2d, 9d 

du- total open 
ra- dura- in-
tion tion ter- clo- V 

-s + b in N of s of b s val • sure s+ b h (slope) tan. V 

'Jack's 'beak 9 3 .·3 12.8 0.1: 2.0 10.8 16.1 15.5 83°-87° 11.3827 
'. I 

85°-87° 'bill 8 4.3 12.8 0~7 1 1.6 11.2 17.1 17.2 14.4194 

'burr 10 5.0 13.4 o.s 1.8 11·. 6 18.4 17.7 ao0 -a·1° 11.0429 
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5. Niels Davidsen-Nielsen: English .S.tops Af.ter Initial /s/ 

As stated in 1.1, one of the impulses to investigate Eng­

lish labial stops came from the above-mentiqned article (1969a), 

whose approach seemed to me to be open to question. 

It says (p. 56): "The words were inserted into sentences 

and recorded by four persons (two English and two American) 

The test words from column I (among them the word spear, H.P.) 

were then cut out of their environments. In the six words 

thus isolated the initial (s] was removed 

The perceptory experiment consisted in letting 32 test 

persons (24 English and 8 American) identify 52 recordings of 

these truncated words. Each of these words, which had been 

. randomized, was played twice to the test persons, who were then 

asked to write down the English word they thought they heard". 

The phonetic surroundings of the 6 test words are not 

identical (1969b p. 324), and it may be questioned w~ether in 

all cases the rhythmic-tonetic patterns are the same. This may 

have had some (perhaps negligible) in~luence on the total dura­

tion of the stops. More important, however, are the implica­

tions of cutting experiments as such. 

(a) The amputation of~, e.g. in the word spear, interferes 

with the inner relational conditions of the word and thereby 

creates new relations, which_ as likely as not do not exist in 

identical form in the English language, and which at any rate 

did not exist in the word before the amputation. 

(b) By the removal of~~ new initial stop, unknown to the 

English linguistic system, comes into existence. No matter 

how natives may perceive that sound - as£ or E - this per­

ception says nothing about_·(~)p-. F~r the new labial stop 

is non-existent in English, so to speak. And units being 

non-existent in a language must be rejected as elements in 

linguistic reasoning bearing on that language. 
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(c) If nevertheless the new stop is presented as belonging to 

the phonetic pattern of English it can be predicted with good 

certainty that it will be perceived as b since, in the main, 

no alternative is left open. • 

In order to substantiate the assertions made above the 

words purr, spur, burr were selected. They were said in the 

carrier sentence I say' ... today. It will be seen that the 

3 words occur in identical surroundings, phonetically,· 

tonetically and rhythmically. Besides, the relations -within 

this group do not differ much from the ·ones that would obtain 

in the group p~er, spear, beer of Davidsen-Nielsen's experi­

ment if these words had occurred in a similar sentence. 

The average total duration of the words purr, spur, burr 

is 45.6 cs, 45.2 cs, 51.9 cs respectively. If~ is cut away 

from spur, it leaves a "truncated" word with a total duratidn 

of 40.6 cs. This word is called t. The relations obtaining 

in the 4 words are as follows: 

.J2.._= 
purr 0.41; b 

burr = 0.33; .J2.._ = 
spur 

closure = 0.31; purr 
closure 

burr = 0.J0; 

(see 4.5) 

It will be seen 

0.25; _E_ = 
t 

closure = 0.21; spur 
closure 

t· =0.27; 

(a) that the amputation of s has created new relations in t 

which did not exist in spur before the amputation 

(b) that a new initial stop has come into existence 
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(c) that the relations obtaini~g in tare much nearer to those 

obtaini~g in burr than to those obtaining in purr. 

As voicing/voicelessness is of minor importance for the 

differenti~tion of /b/ - /p/ initially, and as the relations 

betw@en the durations in the truncated word agr~e pretty close­

ly with those in burr (but differ widely from those in purr), 

it is possible - in so far as these relations are decisive for . 
the perception - to predict with a high degree of probability 

that the number of b perceptions will be great compared with 

the number of E perceptions. 

To this must be added that the open interval of E in spur 

(1.8.cs) does not.differ much from that of£ in burr (1.2 cs), 

but differs widely from that of E in purr (4.8 cs). Even in 

isolation this fact should greatly increase the probability of 

£ perceptions in the truncated word (Lisker & Abramson 1964). 

The conclusion to be drawn from the above and from David­

sen-Nielsen's experiments is that an initial labial stop 

characterized by relations elsewhere unknown to the linguistic 

sys~em of the English language, but whose characteristics are 

similar to those of bin the same position, will be perceived 

as b with very great probability. For it is a well-known fact 

, that when people\are faced with linguistic relations unknown 

from their mother tongue, they will perceive a given foreign 

speech sound as "a something" whose relations are nearest to 

those of a speech sound known from the mother tongue (cp. that 

no doubt most Dan~s without phonetic training would sponta­

neously perceive£ in the local pronunciation of the word 

Palermo; but this is neither a phonetic nor a phonological 

proof that the initial sound of that place name really is 

a£) 
This, however, says nothing about the natural relations 

of E in the-~ cluster and, consequently, nothing about the 

phonetic characteristics and phonemic status of (~)E-· 
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On the whole, amputation experiments seem to me to be 

methodically inadmissible as e~idence ·in phbnological dis­

cussions. On the oth~~ harid, th~y are of course quite legiti~ 

mate in perceptory experiments whose sole object is to find the 

cues requisite for a given perception. 
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