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; ' VOCAL JITTER AS AN INDICATOR OF CHANGES IN morning before the exposure and in the afternoon from 12:13 130
E : PSYCHOPHYSIOLOGICAL AROUSAL ] to 12:15. The first exposure sample was recorded in the 120 1 4

morning between 11:08 and 11:10 after an exposure session

The tremor of one's voice is a well-known

feature of anxiety, prompted, for example, by
performing situations. Thus it is natural that
there have been attempts to use voice changes,
for instance, in detecting deceptive behavior.
Commercially available apparati which have
been claimed to reflect a person's emotional
state have been developed in this field. The
most popular of these is the so-called
Psychological Stress Evaluator (PSE), which in
addition to forensic science 1,2/ has also been
used in the field of psychology /3/.
_In brief, PSE consists of an  electrical
w_xtegration circuit which filters” the acoustic
signal so that a fluctuation at a rate of about 10
Hz of the baseline can be seen. In anxiety states
this tremor is claimed to diminish /1,2/. The
origin of the tremor is somewhat obscure at
present. The reliability and validity of PSE has
been seriously questioned /1,2,4/.

Another fluctuation phenomenon of the human
voice is the cycle-to-cycle variation in the
fundamental frequency, i.e. the jitter. Jitter has
been studied rather extensively as a sign of
vocal pathology /5/, but it has also been found
to be associated with the emotional contents of

different combinations of temperature, noise
and whole-body vibration caused changes in the
average fundamental frequency, intensity,
spectral  characteristics and durational
variables of speech.

The changes in the prosodic features could be

interpreted in terms of existing knowledge of
Psychophysiological changes related to similar
eXposure conditions /8/. The aim of this
_prehmmary study was to determine whether
jitter could be used as a sensitive indicator of
Psychophysiological arousal. For this purpose
We analysed excerpts of speech samples from

four. different exposure combination cells of the
earlier study.

SUBJECTS AND METHODS
subj[:;;::(t:grvrfrt;reOf rtleadmg samples of twenty healthy male
exposed to manz: ysed. The subjects (n=20; 5 in each) were
temperature (Te Ollow.ng exposure combinations: 1) 20°C
2) 35G tomealr O N0ise (N), no vibration (V) (TTNOVO);
noise (T2N1wo. —re only (T2NOVO); 3) 35°C and 90 dB(A)
and § Hz s ) and 4) 35°¢C temperature, 90 dB(A) noise
(T2N1v1) Thnuso:dall Whole-body vibration along Z-axis
exposure ch ® experiment was carried out in a special
amber, During the test, subjects sat in a vibration

chair. See /9/ fo i .
arrangements, f @ detailed description of the exposure
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The jitter J; is therefore obtained as the difference
J=Xp- Ty
=0 Xpeg - Xpq + X - Xy - X2 VS

i.e. Jy is obtained as a five-point moving average such that the
sum of the weights is zero.

The standard deviation (SD) of the jitter J; was used as
the jitter index [J(tof), J(asc)]. The mean of the fundamental
frequency (Fj) of the measured excerpt was calculated. The
analyses were run separately for the ascending part (Ad(asc)
{pitch rise) and the total excerpt(AJ(tot) (c.f. Fig.1).

Before statistical treatment, both the morning fand
afternoon exposure sample results of jitter were standardized
by subtracting the results of the preceding rest samples. Tr}e
correfation of jitter [AJ(tot)] with the changes .in
fundamental frequency (AF0), intensity (Al) total readlqg
time (ATY), articulation time (Ta), and number and errors in
tapaka/ and /pataka/ word repetitions obtained from the
earlier study /8/ was calculated.

" RESULTS
The mean and the standard deviation of Fj of
the excerpt was 112.5+19.3 Hz The mean J(tot)
value of the total excerpt was 2.9 Hz and the
mean J(asc ) of the ascending part 2.0 Hz.
Fig. 1. shows an example of FO curves in rest
and exposure.

(exposure combination T2N1V0). The jitter is bigger for
rest (top) [J(tof)=2.29 Hz, J(asc)=2.39 Hz] than exposure
(bottom) [J(tot)=1.54 Hz, J(asc)=1.21 Hz]. FO is higher in
the exposure sample. The vertical line shows the estimated end
of the ascending part (start of /u/) of the curve which was
analysed separately.

The mean changes in the measurements of the
excerpt are shown in Table | by exposure
combinations. It can be noted that the changes
in jitter values [AJ(asc) and AJ(tot)] are small
in general and that interindividual variation is
big. Differences between the effects of the
exposure in the morning and afternoon samples
are also clear. In the morning samples the
clearest drop in jitter [AJ(tot)] has occurred due
to exposure to combination T2N1VO0. This
combination raised FO, I, Tt and Ta values of
the total sample, and the rate of word
repetitions (/tapaka/ and /pataka/) increased
/8/. In the afternoon samples the effects of
TINOVO and T2NOVO on AJ(tot) differed
statistically significantly (p<0.05, t=2.32,
df=8).
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YT . . ing 80 minutes. The second was recorded in the afternoon
Erkki Vilkman Olavi Manninen Eija-Riitta Lauri Tarmo Pukkila 5512%8.2;10 after total exposure (lasting altogether176 100 .
: iatri minutes). See /8,10/ for the recording arrangements and w0l
: .. Phoniatric Dept., Dept. of Public Health, Phoniatric Dept., Dept.of Mathematical ° further details. ) ) .
. . - gzr;;:;ra Linf\t/el‘rsity University of Tampere  Helsinki Unjversity . Sciences, - ; The excerpt on which the cycle-to-cycle analysis was B T T A M W W
T ospital, Central Hospital | University of Tampere erformed consisted of vowels and voiced consonants (/on "
' SF-33520 TAMPERE P ! P Fauan.../). This excerpt starts a new chapter and is very / o n Ll au an
\ FINLAND emphatic. The excerpt ends at a voiceless consonant(//}. The 0 ' i
| - sampling rate of the signal was 10 kHz. In the ar;a’llyls)is] of fo ' ' ' ' j
* 3 ABSTRACT oo . . recorded sinusoidal sounds the jitter of the apparati fell below wo b Sample 1272
% N ~~ The possibilities of using  cycle-to-cycle changes -in zg-eczﬁlr;d /?/?It .hgs Peer: clalm?d that’ in . the accuracy of the measurements. The measurements were 1ok n=39
i funqamental frequency (jitter) for estimating changes in s res; S'Fuatlons_ the jitter scores carried out blindly, On an average (X+SD) 45.7+9,8 ol ]
i “subjects’ psychophysiological arousal were -studied. . The tend to lower with Increasing threat /7/. successive periods were measured. Measurements were made !
11 subjects (n=20) were exposed to four different combinations Temperature, noise and vibration are manually from oscillographic displays by means of a cursor. 1oL j
i of dry bulb temperature (20°C or 35°C), noise (90 dBA) and important exposure factors for research The results of the measurements were stored on disk and wl | :
| whole-body vibration (sinusoidal 5 Hz) in a special exposure because in modern societ I ' drawn on plotting paper using microcomputer-based
| chamber. The exposure lasted the whole day. The jitter was th g ely people are exposed to (Motorola Exorset) programs. 90{ _ 1 i
1 measured manually of an excerpt from a text which the hem almost daily. However, there is relatively The jitter value was formed as the difference between the o . . . . A . : :
g su:jepts rs;adﬂduring rest and exposure separately from little knowledge concerning their individual observations and the five point moving average to avoid th;ef o S0 w0 s 20 20 300, 350 k00
morning and afternoon samples. Only in the afternoon samples effects and : ; influence of the general trend of the fundamental frequency. / | ‘)
| did the changes in jitter caused by exposure to 2(;)"0 combined effe:tzrdcl){l ::;Y sonhcerrr:mg I then’l the original observations are denoted by X;, the five-point o n lau d n 1ol
| girgl;ﬁrifig:r?t)ly a(gtio (ég Cdf_(g)ecrease) temperatures differ arousal of human subjects |npa)rl1cegrpl' )'(SK: Zglcan moving average value is obtained from the formula . ‘ i
05, di=8). changes in : . ier stuay o . Fig. 1. The FO curves measured cycle-to-cycle on the |
. prosodic features of speech due to Ti=(Xpg + Xpoq + X + Xguq + Xpy2 V5. excerpt from the text (fon lauan../) for one subject !
i INTRODUCTION environmental factors /8/, we noticed that ] |
|




Table 1. Average changes (X+SD) in jitter and fundamental

frequency meas
symbols.y urements of the text excerpt. See text for

Ad(asc) AJd(tol) AF())
-am. - - - (Hz) -- = (Hz)- (Hz)
TiINovo!  -0.5:1.4 0.5+2.0 -1.1.£2.9
T2NOVO -0.2+0.9 -0.1+1.4 6.117.1
T2N1V0 -0.7+1.2 -2.021.9 5.316.5
T2N1V1 0.2:0.7 -0.6£1.5 7.815.9
p.m..
TINOVO 0.0+1.4 1.5:2.5 4.4+4.4
T2NOVO  -0.4+1.3 © .- .1.3%1.2 5.13.0°
T2N1VD 03208  0.041.0 -7.7i6.8.
T2.‘f1V1 0.2:0.7 -0.4+2.5 1.245.6« °

1 ) - : T : -2
mE;zos;qrf-sQ:eégAﬁcgfc._T2=35°C temperature, NO=no -
e N 2A, Vi=no vibra.t‘nqn.v~1= 5 Hz_ginusoidal

;;“Tab!e Il shows the correlation coefficients of
saer measurements with prosodic features of
(s:gee'ch; It can be seen that in general the
e Te.acons are weak. The AJ(tot) values
1owe've_r, show a tendency to negativ,
forre.atson with AF0 and Al. Very in'terestine
are‘ the corre!atiqns between AJ(tot) and thg
/pa@xk_al word repetitions and especially th

statistically significant correlation witrzl the
number of errors in the afternocon samples y
consequently also in a.m.+p.m. calculati o
AJ(tot)' aiso correlated weakly with the loAnFs:
value: in the morning samples the correlatiorjx

was negative (r=-0.26 .
positive (r=0.32). ) and in the afternoon
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Table I, Produ 8 ici
ct moment correlaticn coetficients ()

between changes in jitter and prosocic variahies.See text for

symbols.

- A Bzl :ha’aka/

AFOQ Al
am. ATt ATa N0 €TSS no emors

AJ

(tot )-0.28 -0. - 5
& 14 0.03 -0.25 -0.15 -0.11 -0.31 0.17

(asc )-0.15 0.07 -0.12 -0.22 -0.01 -0.35°-0.19 0.18

p.m.
AJ

(tot ) -0.24 -0,
o 0.28 005 0.08 0.17 0C5 -0.17 058
tas¢ )-0.04 0.09 -014 0.16 0C2 C.33 -0.07 025

a.m.+p.m.
Ad

(tot )-0.25 -0.29° '
b 0.29 0.05 -0.03 0.C2 -0.03 -0.24 043
(asc) Q.05 0.07

° p<0.10, * b
dinde P<0.05, ** p<0.01, a.m.&p.m. cf=20, a.m.+p.m.

DISCUSSION ~~ .. .. :

y Trtr:ech::ges in fundamental ffaquency (AFj)
oxpose.s cqr‘pt did not show significant
s tr;laecmc changes. This may be due to
ot Caht such an average value reflects
iphindl I.anges in reading style, which is
o plicatedly related to changes in

Physiological arousal, than the supposed

tension chan
ges u : .
average FO (c.f. /1 1./).nderlylng the  long-tin?

A five-poi i
-points moving average was used 10

caleul -
al, /131/teth¢t3h:| Itter.  According to Kitajima et
a satisfactor se of four points already produced
values of the mCening effect. The absoluto
be compared Jtltter of the present study cannot
differing typas o o Studies because of the
values of t);‘pes of jitter indices /13/. The jitter
a relative] e' present study may be biased due to
found to ?nc:): sampling rate, which has been
and the randase the magnitude of jitter /5/
recording and om effect of the jitters of the
The magnimtcr;e analysis system (c.f. /7/).
been reporteq toebOf the physiological jitter has
firing of the 8 felat'ed to the asynchronous
muscle; ths thmoror units of the cricothyroid
an increase | ® decrease in jitter is caused by
A drop in jj 1 neural input and arousal /7,14
Jitter values 8, 71 and a rise in FO

3

.-0.10 0.02 -0.01 0.13 -0.16 0.2

and intensity /4,15,16/ have been noticed to be
connected with psychological stress. In terms
of these reports it can be supposed that the
exposure to the combination of " 35°C
temperature and 90 dB(A) noise caused a rise in

~. arousak-in- the- morning - samples... Fhe eHect -of
T2NOVO on the AJ(tot) in the afternoon samples

also implies psychological stress.

The positive correlation between the jitter
and errors in /pataka/ word repetitions might
imply a common basis for these changes. In an
earlier study we found that /pataka/ word
repetitions and errors might be useful in
assessing changes in ‘@ person's arousal /8/. It
can be hypothesized. that the increase in
“magnitude of jitter is associated with lowered
arousal, -and thys -the- tend&ncy to increased
errors can be intetpreted in terms, of motivation
(the correlation was highest in the afternoon
samples). And vice versa, the performance
becomes better with higher arousal and an
increase -in motivation. »

in- comalusion,.the results of. this preliminary
study soggest' that the jitter is not a more
sensitive  indicator of a. person's
psychophysiological arousal than the prosodic
features of speech. However, it has to be kept in
mind that different vocal and speech. variables
may reflect some independent specific changes
in arousal due to the exposure. This would be in
line with recent psychophysiological studies on
the demand-specificity of changes in various
physiological measures /17/.
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