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Masking effect of noise...

ASSESSMENT OF THE MASKING EFFECT OF NOISE
ON CHANGES IN HEART RATE VARIABILITY
ANALYRIS INDICES

L. Tsaneva, = 20t R Nikolova

National Center of Hygiene

Summary. The changes in the indices of =art rate variability analysis (HRVA) at dete-
riorated speech communication, S/N — 10 dB{..) and S/ ~ 20 dB(A), are investigated. The
significant difference in the mean values of HRV A demonstrates the possibility of using them in
assessing nervous-emotional strain. There is ex lence of a definite »Physiological cost® of the
masking noise (read by HRVA), attributable to discrimination of the useful signal from mask-
ing noise. ~

he indices of heart ras

iriability analysis (HRVA) are more sen-
sitive to the time short feeling, accompanying information pro-
cessing, than to the information processing proper. Many years researches
by the authors [5] have - © there are tasks and production activities
where difficulties faced curiy n cion processing are the underlying cause of the
work stress resulting, rather than the shortage of time for the processing proper. It is
a matter of tasks where the functional stress of performance is produced by the
unfavourable signal/noise correlation. One of the optimally-elarified and-thoroughly -
studied models of such type of working activity is the masking effect exerted by noise
on occupationally relevar” =~==ch information. Proceeding from this model, a great
number of experimental researches along this line have been carried out over the past
25 years [4, 5]. The model is apnlicable in both laboratory and production conditions,
and in our opinion, it representative in terms of any type of information
processing, taking place & ns of detrimental signal/noise correlation, not in-
frequently met with in prac:ice. For this reason, it was used to evaluate the infor-
mation relevance of the FR VA indices in the conditions outlined. Here the physi-
ological phenomena underlying the masking effect of noise are not dealt with
because they have been aptly described by various authors [2, 4, 5, 6, 7].
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[t has been established [3, 4, 5] that differing in type industrial noise masks in a
varying degree the speech signals, insofar as the noise impairs both the func-
tional effi~iency of the auditory analyzer, and speech < - ation.

Whether or not speech communication impair : nked to changes in cer-
tain physiological parameters is an issue still not weil clarified. Such changes
may be tentatively coined with the term ,,physiological cost of noise masking. As
shown by studies, conducted in the State Enterprise ,Kremikovtsi, there is a rather
large number of working posts characterized by obvious failures regarding adequate
perception of speech information. This in turn, adds to the importance of the problem
and to the necessity to obtain a precise solut

MATERIAL AND EXPERIMENT AT

Fhe investigation was performed in a special noise-isolated room. Using a ste-
reo-tape-recorder and loudspeakers the fol gnals were fed: a) useful signal -
speech audiometric test of L. Tsaneva (SAT) containing professional terminology
and intensity L equiv 87 dB(A) (condition I}, and L equiv 77 dB(A) (condition IT),
and b) broadband impulsed noise at intensity L equ.v 97 dB(A), recorded in the pipe-
rolling shop of Kremikovtsi. In condition I setting the ratio between useful signal and
noise (S/N ratio) amounted to 10 dB(A), and in co fition 11 - 20 dB(A). At the latter
ratios it was expected that intelligibility of the useful signal would amount to 86 per
cent for condition I, and 44 per cent for condition 11, respectxvely, according to the
authors’ nomogram [4, 5]. These values : hree indispensable requirements be-
tween the two conditions, namely: presence of a substantial difference in intelligibil-
ity; in condition I it should never reach 2nt, insofar as this would increase the
role played by extratest factors; in condi [ it should not be too low since this
would reduce the motivation of the m biec emnvnted upon.

Twelve men and twelve z2nts), highly motivated and fully
aware of the task undertakeu wiil Lol 8K nce in experiments of the kmd,
were subjected to repeated mvesngdm@n {twice).

The task of the subjects being tested consisted in reporting on the microphone a
series of SAT words fed to them. The answers were transmitted telemetncally by
means of a Medicor system, registered, and subsequently processed for omissions,
right and wrong perception and of szgnals (words) reproduced. The two task
conditions were fed at random. Recording of the anacrotic and catacrotic wave of
plethysmogram was done by pulse rate tachometer and writing device after the method
of Danev (1989).

Reciprocal positioning of ©
established in earlier researches, optimal.

HRVA indices were calculated from 10-minute epoches for each individual and
each condition. The order of feeding the conditions was fortuitous. All subjects un-
derwent preliminary examination by threshold and supraliminal auditory tests for
eventual presence of pathological changes in the auditory analyzer, with adjustment

‘pv‘

sz source and useful signal in the chamber,
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according to Efrusi. The time interval between the odd words being fed was 6 segon(.is
average which was sufficic: climinate the time shortage feeling (TSF). It varied in
the range 5 to 7 secon ‘2w to avoid the rhythmic heart rate effects, gener-
ated by the pace of tho .

RESULTS AND DISCUSSION

The obtained results are presented in Table 1.

I. HRVA Indices at Either Level of the Masking Effect

ise (12 men and 12 women with mean age 22.2 years)

Condition 1 Condition I1
Indicator L-equiv 10 dB(A) L equiv 20 dB(A
¥ | Sx T ttest | x | Sx
HRVA indices in group one
X 866 106 ++ 698 94
SD 514 22.5 0.03 38 19.3
A 9.9 4.1 0.68 9.3 5.8
5 254 49.6 ++ 141 314
HRVA indices in group two
Mo 858 115 ++ 682 86.8
AMo 197 2.6 0.03 21.5 3.1
31 209 78 ++ 145 71.0
VRI 55 17.8 ++ 108 27.8
VBI 2.11 0.43 ++ 5.57 1.9
Hi 0.44 0.21 ++ 0.83 0.39
HRVA indices in group three (HRSF)

26.0 5.9 ++ 34.0 7.3

Kbp 37.0 7.3 ++ 29.0 4.9
Rr 285 4.3 0.01 245 6.1
SAI 0.70 0.29 + -+ 1.17 0.21
Pbp 11.0 3.0 ++ 7.3 2.4
A0.1 4.3 1.13 ++ 2.6 0.81
K1, 0.56 0.22 ++ 0.38 0.17
K, 4.3 1.7 ++ 2.1 0.50

Cn "Omparanve assessment of the two signal/noise ratios (S/N )~ L
and L equiv 20 dB(A) — it was established that condition II w:

& 'foﬂowmg findings:

a) In the variability indices of cardiointervals (group one) there was a statisti-
cally significant decrease in the mean values of cardiointervals (X), standard devia-
tion of cardiointervals (SD), and in the sum of all positive differences between two
adjacent cardiointervals (S).

b3
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“b) In the HRVA indices of group two, linked to the disiribution of cardiointervals,
a statistically significant reduction of Mo and strain | (51), and a statistically
significant increase in the amplitude of mode (AMe: ~tative rhythm indicator
(VRI), vegetative balance indicator (VBI) and hon . index were documented.

c) In the HRV A indices, linked to the frequentia trum of heart rate (HRFS)
(group three), a statistically significant increase was registered in the subcortex activa-
tion index (SAI) and integral power of the II order slow waves of thermoregulation
(Rt); the rest of indicators, namely: integral power (of slow waves I order for blood
pressure (Rbp), integral power in the regior of respiratory sinus arrhythmia (Rr),
period of waves linked to blood pressure (Php), amplitude in the region 0.1 Hz/A 0.1,
ratio of integral power in the zone of su s to the wave period linked to
blood pressure (KI,), and difference in { the frequential spectrum of
cardiointervals, linked to blood pressure osciliations and those related to respirations
(KL, disclosed a statistically significant reduction.

The significant difference in,mean vaine most of the HRVA indices demon-
strates the possibility of their utilization in assavng nervous-emotional strain in this
particular type of occupational tasks. Presumabi , there exists a definite ,,physiologi-
cal cost” of the masking noise (read by HRVA) that should be borne in mind upon
assessment of the severity of the various types >f activities giving rise to nervous-
emotional strain, generated in turn by the discrimination of the useful signal from the
masking noise. This is further corroborated by the mean values of the anacrotic wave
amplitude, amounting to 25.48 mm in condition I, and 18.85 mm in condition II
{p<0.009) according to Student’s t-test for dependent variables.

The total number of oversights and errors in either of the conditions was 12.2
per cent for condition I and 54.7 per cent for condition IT which is consistent with the
preliminary requirements. No differences in the performance of individual persons,
worthy of notice, were establ!

the event of speech-information processing
difficulties against the backgrownd of exposure to the effect of intense industrial pro-
duction noise, characteristic changes in the HRVA indices are noted which may be
coined with the term ,psychophysiological cost“ of the masking noise. The experi-
ment performed proves the ewstence of the latter, and estimates approximatively its
magnitude in the specific case o 517 - 10 dB(A), and S/N - 20 dB(A). The psycho-
physiological ,,cost” differs from the changes occurring as the result of direct exposure
to noise. The underlying cause of uS manifestation are difficulties in semantic percep-
tion, produced by the intensi~= <~ ffect under occupational conditions is added
to the one exerted other factors ing t0 the concrete working activity, and in this
fashion the allowable limit of psych
during work is exceeded.
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ophysiological changes in the operators’ organism

CONCLUSIONS

.ental material accumulated justifies a number of theo-

.clusions withou. which thorough solution of the prob-
lem and its clarificat ‘nd be 1mpossxble such as: the quality of heart rhythm
assumed as the first signia: o7 changes in vegetatlve status, effector of the most impor-
tant unit forming the adaozcmon response, mirroring all changes in the homeo— and
heterophasic balance, the basic ,payment bill“ in paying off the ,,physiological cost
inadequate adaptation to dynamic changes in the external and internal milieu of the
organism, accordingly to the masking effect of noise.

The considerabic
retical generalizations :
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