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INTRODUCTION

The existence of pauses at certain points of utterances has

long been noted. Some references from the latest decades are
the following: Lounsbury (1954), Goldman-~Eisler (1958},
Boomer (1965), Ga&rding (1967), Beattie (1979). Current

interest in speech production has focused on pauses as they
seem to be important clues to speech planning activities, sece
e g Butterworth (1980), Kempen and Hoenkamp (1982). Pause
behaviour in simultaneous interpretation has been studied by
e g Goldman-Eisler (1972), Barik (1973) and Vamling (1982).
The relation between pauses and anxiety is treated by Cook
(1969). Differences in pause behaviour between men and women

are treated by Einarsson (1978).

Measuring pauses and speech segments by hand on spectograns,
oscillograms or their digital equivalents gives detailed

information about the speech signal. But it is time-consuming
and requires good training in phonetics. Many linguists would
welcome an automatic pausemeter as a simple tool for
determining the pause characteristics of utterances. An

automatic pausemeter may process the speech signal and display
or print diagrams and tables showing the durations of pauses
and speech segments.

Automatic pause measuring equipment developed in recent years
is mentioned by e g Barik (1973), Beattie (1979). It has not,
however, been discussed much among linguists and phoneticians



to whom such instruments shouid be of great interest.
Automatic pausemeters do not belong to the standard equipment
of linguistic or. phonetic laboratories, although their

potential for speech research is very promising.

The purpose of this paper is to describe a simple automatie
pausemeter which c¢an be ‘built at any department where a
microcomputer and some standard electronic components are
available. The pausemeter to be presented exists in two
versions: One (1) is a display (real time) version which
shows the duration of the pauses or speech segments as you
produce them.

The other (2) is a more exact version that stores measured
time values for subsequent wuse for various computations,
displays and print-outs. This second version prints tables of
the duration of all pauses and speech segments, computes their
average durations and standard deviations and plots various

diagrams.

The hardware has been developed by J8nsson, the programs (in
Basic) have been written by Sigurd and Mandersson has assisted
in the conception and design of the system. Sigurd has
written the ©body of this paper. J¥nsson and Mandersson have
written the description of the pause-speech decision unit and
contributed to the discussion of the problems of
distinguishing pauses in speech.

PAUSES AND SPEECH SEGMENTS

To the discourse analyst the pauses of focal interest are
those between paragraphs, clauses, phrases and words. We will
call these discourse pauses. Such pauses of interest are
marked by (p) in the following example:

I saw a (p) redwinged blackbird (p) It was (p) perching in
a (p) redbud tree.

The beginning of the utterance can be depicted as in fig 1.



UTTERANCE

T(1) T(2) T(3) T(4) T(5)
SPEECH PAUSE SPEECH PAUSE |[SPEECH
I SAW A REDWINGED BLACKBIRD IT.
S(1)=T(2)-T(1) S(2)=T(4)—T(3)
P(1)=T(3)~T(2) P(2)=T(5)-T(4)

T(i): Time reading number i
S(j): Speech segment number j

P(k): Pause number k

Fig 1 Idealized view of the pauses and speech segments in
speech.

The basis of the pausemeters are the time (clock) readings at
moments when there is a change from pause into speech or vice
versa (T(i)). The duration of a speech or pause segment can
be derived by subtracting a preceding time reading from the
current reading. Generally the duration of a speech segment
(S5(j)) can be computed by deducting uneven readings from even
ones and pauses (P(k)) by deducting even readings from uneven
ones. Given the duration of all speech and pause segments

further calculations can be undertaken.

The decision whether there is a pause or a speech segment is a
binary decision and it is not easy to take. A human listener

may mark pauses by ear and even measure them roughly by a stop



watch, but as is seen on any spectrogram or in experimenting
with automatic pausemeters it is not =easy to design an
automatic device which achieves results in accordance with

human preception.

DETERMINING THE PAUSES OF SPEECH

A pause may be defined as a time segment where there 1is no
energy present. Disregarding the so called filled pauses,
which of course cannot be defined in this way, discourse
pauses should be discoverable by looking for segments of no
energy. Several problems, however, turn up in practice.

One problem is the fact that there are segments where there is
no energy even within individual speech sounds, e g in stops

such as p, t, k in such words as apa, ata, aka, or even longer

in appa, atta, acka. The duration of the silent phase of the
stops in the first words can be as much as 175 msec, the
second 200 msec, when pronounced by a Swede. These pauses

could of course be of interest and the pausemeter to be
presented can easily measure the duration of pauses in such
stops if set to do so. But such pauses should not be counted
among the discourse pauses.

Another problem is the low energy of such sounds as f, th, h.
A pause detection device designed to measure discourse pauses
must be able to skip the pauses inherent to certain speech
sounds such as stops, but still react to weak speech sounds.
If the device finds pauses at stops and weak speech sounds
within words it will register too many pauses. If it does not
note the existence of weak sounds in the beginning or at the
end of «certain words the durations of utterances and pauses
will not be correct.

Rabiner & Schafer (1978) have discussed the difficulty of
determining the beginning and end of words and state that they
are difficult to locate if there are



1 Weak fricatives (f, th, h) at the beginning or end

2 Weak plosive bursts (p, t, k) at the beginning or end

3 Nasals at the end

4 Voiced fricatives that become devoiced at the end of words
5 Trailing off of vowel sounds at the end of an utterance
Rabiner & Schafer describe an algorithm that is intended to
discover the beginning and end of utterances (speech segments)
on the basis of two time-domain measurements -~ energy and
zero-crossing rate. We have to rely on simpler methods in the

pausemeter to be described. The general construction of the

pausemeter is shown in fig 2.
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Fig 2 Block diagram showing the overall concept and

function of the pausemeter



THE SPEECH-PAUSE DECISION UNIT

The speech-pause decision unit - distinguishes ©between speech

and pause by comparing the signal envelope with a predefined

threshold. The signal envelope is determined by an envelope
detector and it 1s assumed that the envelope suitably
approximates the short-time signal energy. The principle of
the unit is shown in fig 3a. The speech signal is first
amplified. Then the signal envelope 1s determined by the
envelope detector where the time constant is variable. The

output from the envelope detector is compared with a threshold
in the comparator. The output from the comparator is either 0

or 1 and this signal is tested by the microcomputer every 20

ms.

Fig 3b shows the circuit diagram and component values. Even
non-engineers should be able to build it. The diode at the
data output limits the output voltage to positive wvalues. A

LED circuit is also wused to indicate the result of the

comparison and facilitate the use of the device.

The input signal to be processed is taken from a tape recorder
either from a microphone or a tape. The tape recorder level
meter is used for speech level adjustments. The time constant
can be varied. A time constant of about 33 ms is found to be
suitable in most cases. This value is also used in a similar
device mentioned in the literature. However, it is not only
the time constant but also the threshold value that affects
the speech/pause desicion. This 1level is not variable.
Instead the input amplification can be varied and is adjusted
so that the LED c¢ircuit indicates that the unit is working

properly.
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Ampilifier Envelop detector Comparator
with variable

time constant
Fig 3a

PAUSEMETER
CIRCUIT DIAGRAM

Fig 3c

Fig 3a Main features of speech-pause decision unit.
3b Circuit diagram of speech-pause decision unit.

3c Lower curves show the decisions of the speech-pause
decision unit for two cases with small and large time
constant respectively. The signal shown here is a
Morse signal which has been used in calibration and
testing.



THE REAL-TIME PAUSEMETER

The overall design of the pausemeter is shown in fig 4. The
real-time version is characterized by the following features
(¢f the print-out of the program at Appendix I).

The program starts by asking for the number corresponding to
speech (LAT TAL VARA PA OCH TRYCK PA J, "LET SPEECH BE ON AND
PRESS J"). This number is then used as response to the
question SKRIV IN DENNA SIFFRA VID ? ("WRITE THIS NUMBER AT

?n)

"The number may change with the equipment (e g printer)
connected to the computer; that is why it is necessary to ask

this question.

The computer is now ready for measuring as long as J is held
down (TRYCK J FOR MATNING, "PRESS J FOR MEASUREMENT"). The
real-time pausemeter displays the duration of the successive
speech and pause segments by building a vertical diagram on
the screen where the columns grow to the right. The columns
grow as the speaker speaks or makes a pause. When a pause or
speech segment is finished its duration is given by the last
figure and the computer starts measuring and displéying the
growth of the next (pause or speech) segment. S3peech segment
columns are filled with T's while.pause columns are filled
with P's. The screen may be filled with 22 columns at a time
and therefore a short utterance can often be shown in full on
the screen. One may take a photo of the screen (no print-out
facilities are included in this real-time version) to get a

record of the pause structure of the utterance recorded.

The precision of the real-time version is limited and the

results should be used with care. The real-time version is,
however, very good for displaying typical pause-speech
relations. One may e g talk spontaneously and record the

pauses and speech segments immediately for presentation in
class. Typically speech segments last 2-3 seconds while
pauses last 0.5 second and the corresponding graphic pattern
is easily seen. The real-time version of the pausemeter may



T1=T2

T2 = TIME
D = T2 - T1

> PRINT T-COLUMN

LENGTE D

PRINT P~COLUMN
LENGTH D

INPUT (0/1)
SPEECH (1)
PAUSE (0)
TEST VARIABLE

Homo3 X

Fig 4 Flow chart of real-time pausemeter
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be used to show how long one is able to speak without pausing.
It may Dbe connected to a radio to show differences in pause
behaviour between speakers, languages etc. It is important to
remember that this version does not store any values and the

speech must be recorded if it is to be examined further.

The function of the real-time pausemeter is very simple. The
input number appears in INP(58%). If this number equals the
number in the test variable F% the system assumes that speech
is going on, the time is read and printed at the screen at the
end of the column of T's (line 55). If the input signal is
not the number for speech the system reads the clock and
starts building the pause column {(line 60).

The program includes a scale factor (0.05, lines 55,60) which
can be changed if the columns of the diagram are required to
grow at a different speed. The time is read in PEEK(65008%)
and is assumed to be 1long enough for this version of the

meter.

THE PRINTING PAUSEMETER

The flow chart at fig 5 shows the. main features of the
pausemeter. A print-out of the program is found in Appendix
IT. The computer starts by asking how long pauses (or speech
segments) should be skipped (HUR LANGA PAUSER OCH TALSEGMENT
SKALL OVERHOPPAS?) If 1 is the response segments shorter than
20 msec are skipped; if 2, segments shorter than 40 msec etc
(line 15). The system then asks for the numbers for speech
(tal) and for pause which vary according to the equipment
attached and therefore need to be specified by the operator
(lines 17-19).

The system then asks whether it is to start measuring (SKALL
JAG BOURJA META J/N). If J is pressed it starts and goes on
until CTRL-A is not pressed. (It is thus not necessary to
hold J down for the whole measuring period, as is the case

with the real-time version.)

"



In line 110 the counter for time values (N) is set to 0 and
the test variable F 1is set to the pause number previously
entered by the operator, to make the meter start by measuring
the change from the pause value (= the beginning of a speech
segment) . In the flow chart fig 5 the test variable has been
given the values 0 and 1.

Line 120 sets the clock by inserting the values 255 in both
cells from which the count down starts. The measuring loop is
130-170. Line 130 checks whether there is a change in the
input signal, as this is what the system looks for. If so the
clock is read by lines 143-147. A certain correction is done
in lines 143, 144, due to the design of the computer clock.
Line 148 checks whether enough time has passed since the last
measurement was taken. If this is the case the time reading
is stored by line 150, if not the system returns to line 130.
Line 155 oprints a T (tal, speech, talk) or a P (pause)
preceded by a number on the screen for the information of the
operator. Line 160 inverts the value of the test variable.
Line 170 checks whether more than 1000 values have been
stored, which is the maximum of the present version. If not,
the process continues. If more than 1000 time values have
been stored or the process has been stopped by pressing CTRL-A
line 180 prints the stored values on the screen. Line 190
asks whether a print-out is required (UONSKAS UTSKRIFT). If a
print-out is required this is handled by 200-220.

12
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=0
0
= (LENGTH OF SEGMENT TO BE SKIPPED)

[P I-4
]

/

READ HAVE MORE _
THAN G SEC
CLock PASSED ?
PROCESS N=N+1
-~ ~| READINGS STORE T(N)
T(1)=-T(N)
F=0
F=1

Fig 5

Flow chart of pausemeter. X is an input variable varying
between 1 (speech) and 0 (pause) and given by the com-
parator (pause detector). F is a help variable varying
between 1 and 0 for comparison. G is a variable set by
the operator and used to avoid measuring too short
pauses and speech segments. The system notes changes in
the input signal and reads the time whenever a change

is noted. The time readings (T(1) to T(N)N are stored

to be processed later.



Line 225 asks whether a reduction of the values is required.
If 0 is pressed no reduction is made, if 1 or higher number is
pressed a reduction of 20, 40, 60 etc msec is made. This
reduction affects the &end of all subsequent calculations of
speech segments as can be seen from line 227 where every other
value is reduced by the value given. A print-out is also
offered. Note that the original time values cannot be

retrieved once they have been changed.

The next parts of the program give various tables and
diagrams, calculated on the basis of the time values obtained.
Lines 229-280 calculate the duration of the successive time

segments, the total duration of speech segments, the average
duration and the standard deviation. If required a print-out
is made. Lines 340-470 offer the same information for pauses.

Lines 480-570 offer a table of the duration of successive
pause and speech segments. Lines 600-660 offer the same
information in the shape of a histogram (STOLPDIAGRAM).

Lines T00-845 offer a diagram showing the difference between
the duration of a speech segment and the preceding pause. The
values are plotted as a star that moves around 0. It moves to
the right (is positive) if the speech segment is longer than
the preceding pause and to the left if the pause is longer
than the following speech segment. Normally people talk more
than they pause and the stars are consequently generally found
to the right of the zero line. This diagram is offered as an
example of the kind of diagram a program can be designed to
present. The diagram was devised to study the relation
between the duration of pauses and speech segments. For
example, Beattie (1979) has hypothesized that alternating
cycles of fluent and hesitant speech would be reflected in
pause durations being shorter or longer than speech durations.
This would appear in our plot as alternating concentrations to

the right and left of zero respectively.

The print-out for version (2) is illustrated at Appendix III.
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CONCLUSION

Automatic pausemeters will facilitrate the investigation of
overall pause behaviour in speech, but .for detailed
information about the speech signal spectrograms are still
required. The features of pausemeter programs can easily be
modified to meet special requirements (custom made). The
versions presented have been found helbful in certain kinds of
investigations. The real-time version 1is a cénveniént
pedagogical tool for presenting typical or individual
pause-speech patterns in class or for explorative purposes.
The printing version has been wused by Karina Vamling for
detailed studies of pause behaviour during simultaneous
interpreting. Such studies could hardly be undertaken Qithout
the aid of an automatic pausemeter. The meters presented will
be used in experiments in psycholinguistics and phoneties and

it is assumed that new and better versions will be developed.



APPENDIX I

Real-time pausemeter

EALTIME FAUSMETER SEPT 1982"
¢ "LET SPEECH BE ON AND PRESS J*
10 GET VX ¢ ; INP(S8¥)"=TAL"
12 5 “"WRITE THIS NUMBER AFTER ?" ¢ INFUT T%
1% 7 “LET SILENCE EE ON AND' FRESS J" : GET VX : INP(58%) "=FAUSE" : INFUT F%
20 POKE A5008%,255% ; POKE &5009%)255% : FX=F% : T14=0% ¢ T2X=0¥ : NZ=0%
25 ¢ CHRM(12) : ; “PRESS J FOR MEASUREMENT"
30 GET Xx
35 IF X=(3"J" GOTO 20
40 IF INF(58%)=F% THEN 45
4l Ti%=T2% : IF F¥=T% THEN F¥=Pf ELSE F%=T%
42 IF N#(22% THEN N%=N%+1% ELSE ; CHR®(1Z) : NX=0%
45 AZ=PEEK(65009%) : A%=PEEK(&65008%)-1% : IF A¥=-1% THEN R¥=255%
SO T2E=256%x (255X~A%)+255%-A% ¢+ DX=T2%-Tiy
ST IF FZ=T% THEN ; CURINZ, 0%) s STRINGR (%%, 1, 84), 02%0% : GOTO 30
&0 ¢ CURCNZ, OX) 3 STRINGR (L%, 1) 80),02%0% ¢ GOTO 30




APPENDIX TI

Printing pausemeter

X Leldiebiiibidibiidbibidbbidiiit

S REM PAUSKRIVARE JAN 82 BS

10 DIM TX(1000%X)

15 i "HUR LANGA FAUBER (DCH TALSEGMENT) SKALL UVERHOPFAS?1=20 MSEK,2=40 MSEK25

=0, 5 SEK,30=1 SEK" : INPUT G% .

17 5 “EN SIFFRA SYNS NAR TAL PAGAR OCH EN ANNAN NAR PAUS.LAT TAL VARA PA (RUD L

AMPA) OCH TRYCK PA J" s GET vx

18 5 "TAL ="INP(58%) s : “SKRIV DENNA SIFFRA VID 7" 5 INPUT T% : : “TRYCK PA J v

ID FAUS" : GET VR ¢+ ¢ "PAUS="INP(58%)

19 + "SKRIV DENNA SIFFRA VID ?" : INPUT P%

20 PRINT "STOFPA MED CTRL-A.SKALL JAG BORJA MATA.J/N" : GET OX

30 IF oX{)»"J" THEN GOTO 20

90 FRINT CHRX(12)

110 N%=0% : F%=PX : REM BURJA SOUK TAL

120 POKE 65008%,255 : POKE &5009%,255

130 IF INP(S8X)()FR THEN 143

140 IF INP{56%)¢>1¥ THEN GOTO 130 ELSE 180

143 AX=CEEK(&5008%)-1%

144 IF A¥X=-1% THEN A%=255%

147 T2X=256#(255-FEEK(45009%) ) +255-A%

148 GLY=T2%-TZ(N%) : IF GX¥)GiX THEN 130

150 NZ=NX+1X : TX(NZ)=T2%

155 IF INP(58%)=T% THEN ¢ INP(38)" T" ELSE ; INP(S58%)" P"

160 IF F%=P%X THEN FX=T¥ ELSE F¥X=P%

170 IF NX(1000% THEN COTC 130

180 FOR Zx=1% TO N% : 3 TX(ZX) ¢t NEXT 2%

190 ; “UNSKAS UTSKRIFT.J/N" ¢ INPUT GX

200 IF GQE¢»“J" THEN 22%

210 OPEN “PR:" ASFILE 1

220 FDR Z%=1% TO NX¥ : PRINT #1,"T"ZX"+"T%$(Z%) :+ NEXT 2% : CLOSE i

225 PRINT "UNSKAS REDUKTION AV TALSEGMENT PGCA EFTERSLAPNINGE?NEJ=0%,1X=20 MSEK:2

X=40 MSEK ETC" : INPUT 01%

226 IF 01%=0% THEN 229 ELSE 227

227 FOR AX=2% TO N% STEP 2% 3 TX(AX)=TX(AX)-UL1¥ ¢« NEXT A% ¢ FOR Z¥=1¥ TO NX : ;

TX(Z%) :+ NEXT ZX% + i “UNSKAS UTSKR?J/N"

228 INPUT @X 3 IF GX{>“J" THEN 229 ELSE OPEN "PRt" ASFILE 1 s FOR Z¥=1% TO NX :
¢ #L, T ZX"+"TX(ZX) ¢ NEXT ZX : CLOSE 1

229 PRINT “UNSKAS TIDSLANGDER J/N?" 3 INPUT GX

230 IF GX(>“J" THEN 340

240 NIZ=FIX(NX/2) : N2X=2#NiX : Mx=i%

245 DIM TL(S00X) '

250 FOR UX=2% TO N2% STEP ZX ¢« TI{(M&Z)=,02%(TE(UX)-TE(UX-1%)) s 3 “TALSEGMENT"MX"
$UTL{MX) " SEK" ¢ MX=MX+1% ¢ NEXT UX

260 FOR Z%=1% TO MX : V=V4TL1(Z%X) : NEXT 2¥ ¢ ¢ “"TOTAL TALLANGD:"V" SEK" : L=V/MX
+ i "MEDELLANGD:"L" SEK"

270 FOR ZX%=1% TO MX : S=8+{T1(IZ%)-L)02% : NEXT 2%

280 D=BQR(S)/MX ¢ ¢ “"STANDARDAVVIKELSEN;"D" SEK"

300 ¢ “UNSKAS UTSKRIFT?J/N" : INPUT YX

310 IF yR()"J" GOTO 340

315 OPEN "PR:" ASFILE 1

320 MX=1% : FOR UX=2X% TO N2% STEP 2% : TL(MX)=,02#(TH(UX)-TE(UX-1%)) + j »1i,"TAL

SEGMENT M+ "TL(MX) " SEK" : MZ=MZ+1X : NEXT UX

330 ; #1,"TOTAL TALLANGD:“V“ SEK" : ; »1, "MEDELLANGD:"L" SEK"

335 3 #1,"STANDARDAVVIKELSEN: D" SEK" s+ CLOSE 1

340 ; "ONSKAS PAUSLANGDER?J/N" : INPUT AX

350 IF AR(>"J" THEN 480

360 DIM PL{500X) 1 Kx=0X

370 FOR UX=3X TO N2X-1X STEP 2% ¢ KX=KX+1%X s PL(KX) =, 02#(TX(UX)-TH(UX-1%X)) & 3 "

17



PAUS"KX"s “"PLIKX)" SEK" : NEXT UX

380 FOR ZX=1% TD KX : H=H+P1(Z%) : NEXT ZIX : ; “TOTAL PAUSLANGD: "H" SEK" : B=H/K
X : ; "MEDELLANGD: “B“" SEK"

390 FOR Z%=1% TO KX : C=C+(P1(Z%)-B)U2X : NEXT IX%
400 W=SAR(C)/K% : ; “"STANDARDAVVIKELSE: “W" SEK"
410 "ONSKAS UTSKRIFT?J/N" : INPUT GX

413 IF @R{>"J" THEN 480

420 OPEN "PR:" ASFILE 1

430 FOR ZX=1% TO KX ¢ ;i »1,"PAUS"ZX":“PL(ZX)" SEK" : NEXT Z%
440 3 #i, “TOTAL PAUSLANGD:"H" SEK"

45G 5 #1, “MEDELLANGD: "B" SEK"

460 ; w1, "STANDARDAVVIKELSE: "W" SEK"

470 CLOSE 1

480 7 “ONSKAS PAUS-TALTABELLTJ/N" 3 INPUT @x

490 IF @x(>»"J" THEN GOTO 600

F00 FOR ZX=1% TO KX+1i%

505 ¢ “TAL “Z¥":"T1(Z%X)" SEK"

510 IF ZX<()K¥+1% THEN 3 “"PAUS"“Z%":"P1(Z%)" SEK"
515 NEXT Z%

545 5 “UNSKABS UTSKRIFT?J/N" : INPUT GX

547 IF @®<)"J" THEN GOTOD 400

548 OFEN "PR:" ASFILE 1

S50 FOR ZX=1 TO KX+1

S60 5 #1,"TAL "Z%X":"T1(2%)" SEK"

565 IF ZX()KX+1% THEN i #1, "PAUS“Z%":"P1(I%X)" SEK"
568 NEXT 2%

570 CLOSE 1

600 ¢ “UNSKAS STOLPBIAGRAMTI/N" : INFUT GX

610 IF @R¢Y"J" THEN 700

612 3 SPACEX(4)"1"SPACER(4)"2"SPACER(4) "3"SPACEX(4) " "4"SPACEX(4) "S"SFACEX (4) "6 8P
ACEX(4)"7"SPACEX(4)"8 SEK"

615 FOR 7%Z=1% TO K¥+1¥%

620 ¢ STRINGH(TL(ZX)*#5%,84)27%

625 IF Z2()KZ+1% THEN ; STRINGR(FPIL(Z¥%)%S%,80)1%
&30 NEXT Z%

&35 7 “DNSHAS UTSKRIFT?J/N" ¢+ INPUT QX

640 IF @x()“J* THEN 700

643 OFEN "PR:" ASFILE 1

645§ #1, SPACEX(4) "1 "SPACEX(4) "2"SPACEX(4)"3"GFACEN(4) "4 "SPACEX(4)"S"BPACEX (4) "4
"SPACEX(4)"7"SFACEX(4)“8 SEK"

647 FOR ZX=1% TO K¥+1%

650 7 #1,STRINGR(Ti(Z%)#5%,84)7Z%

655 IF ZA(IKZ+1¥% THEN ; %1, STRINGX(P1(ZX)*S%,B80)Z%
660 NEXT Z% ¢ CLOSE 1

700 i "ONSKAS TAL-FPAUSDIFFERENSDIAGRAM?TJI/N" ¢ INPUT GX
710 IF GX()“J" THEN 800

745 3 SPACEM(11)“"5"SFACEX(&) " -0+"SPACEX(&)"5"

720 FOR Z%=2% TO KX+i%

730 ALX=2A#T1(Z%)-24*PL(2%-14)+19%

740 : SPACEX(ALX)“«T“Z%“-P"I%-1%

750 NEXT Z%

800 ; "UNSKAS UTSKRIFT?" : INPUT GX

810 IF @()"J" THEN 870

815 OPEN "PR:"“ ASFILE 1 .

820 ¢ =1,8PACEX(11)"5"SPACER(&) " -0+"SPACER(4) "5"
825 FOR ZX=2 TO K%+i%

827 ALX=2%*TL(ZX)-2¥%PL{Z%-1%)+19%

830 5 #1,SPACER(ALZ) "*T"Z¥"-P"7%-1¥%

840 NEXT Z%

845 CLOSE &

870 STOP



APPENDIX III

the measurement of short sequence with

5 pauses

T i+ 24

T 2¢ 112

T 3 137

T 4: 220

T 5 223

T 6+ 280

T 7+ 289

T 8: 374

T 9: 430

T €

T

T

T

TALSEGMENT 1: 1.76 SEK
TALSEGMENT 2: 1.66 SEX
TALGECMENT 3: L, 14 SEK
TALSEGMENT 4: 1.74 SEK
TALSEGMENT S: 1.46 SEK
TALSEGMENT &: 1.6 SEK

TOTAL TALLANGD:

9. 54 SEK

MEDELLANGD: 1,36571 SEK

STANDARUAVVIKELSEN: 223139 SEK

FAUS 1: .5 SEK

PAUS 2+ .06 SEK

FAUS 30 10 SLK

FAUS : 1,08 SEK

FAUS 5: .56 SEK

TOTAL PAUSLANGD: 2,38 SEK

MEDELLANGD: ,476 SEK

STANDAFDAVVIKELSE: 159138 SEK

TAL 1: 1.76 SEK

PAUS 1: .5 SEK

TAL 2 1,66 SEK

PAUS 2: ,0& SEK

TAL 3¢ 1,14 SEK

FAUS 3: .18 SEK

TAL 4: 1,74 SEK

PAUS 4: 1,08 SEK

TAL S: L.66 SEK

PAUS 5: .5& SEK

TAL &: 1,6 SBEK

1 2 2 4 5 & 7 8 SEX

TITTTTTT 1

PP 1

TTTTTTTT 2

2
TTTTT 3
3

TTTTTTIT 4

PPPFP 4

TTPTTTIT 5

PP 5

TTTITTTTT &

5 ~0+ 5
*T 2-P ¢
*T 3-p 2
*T 4-P 3

*T 5-P 4
*T 6-F 5
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