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Abstract

Combination of mental stress task with noise 

background is a traditional tool employed in 

psychophysiology. However, intensity of 

background noise is a factor affecting both 

performance on test and psychophysiological 

responses associated with stress evoked by mental 

load in noisy environment. In the current study on 

7 subjects we analyzed the influence of white noise 

(WN) intensity (55, 70, and 85 dB[A] ) on 

psychophysiological responses during word 

recognition test performed on noise background. 

There were recorded following physiological 

variables： electrodermal activity (EDA) , namely, skin 

conductance level (SCL), skin conductance response 

(SCR) amplitude (SCR-A), rise time and total 

number of SCRs (N-SCR)； cardiovascular activ辻y, 

e.g., heart rate (HR), respiratory sinus arrhythmia 

(RSA) index, pulse transit time (PTT), finger pulse 

volume (PV), skin temperature (SKT) and respiratory 

activity, such as respiration rate (RESP-R) and 

inspiration wave amplitude (RESP-A) during 

baseline resting state and 40 s long performance on 

3 similar Korean word recognition tests with 

different WN intensity (55, 70, and 85 dB). 

Electrodermal responses (SCR-A, SCL, N-SCR) 

demonstrated gradual increment with increased 

intensity of noise, and this increase of response 

magnitude with higher intensity of noise was typical 

also for r skin temperature (phasic SKT decrease) 

and pulse volume (phasic and tonic PV decrease). 

However, some cardiovasc 냐 iar and respiratory 

responses did not exhibit same tendency of gradual 

increase of reactiv辻y , namely HR, as well as 

RESP-R and RESP-A showed decrement of response 

magnitudes. Important finding in terms of 

cardiovascular reactivity was that 55 and 70dB 

evoked similar profiles, while 85dB WN resulted in 

significantly different profile of reactions, suggesting 

that there exists a threshold level after which 

intensive auditory stimulation elicits 

psychophysiological responses pattern of different 

quality. There are discussed potential autonomic 

mechanism involved in mediation of observed 

physiological responses.
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Introduction Methods

Since the traditional laboratory stressors (ie, 

mental task, intense noise, etc.) tend to induce 

integrated patterns of physiological reactions , it is 

rather important to record and analyze a sufficient 

number of variables indexing activity of the 

branches of autonomic nervous system (ANS) to 

identify stress response patterns and their variations 

[4-5,9-11,14]. Among the most sensitive autonomic 

parameters in stress research are those of 

cardiovascular, respiratory, and electrodermal activity[ 

3,5,7,9,13-14]. The variables that may serve as 

indicators of general arousal or activation of 

particular branches of the autonomic nervous system, 

such as respiratory sinus arrhythmia (index of vagal 

influences on heart), pulse transit time (index of 

beta-adrenergic sympathetic activation) , and skin 

conductance level (index of sympathetic activation), 

are especially important [2,6,8,13-14]. Specific 

autonomic indicators are differentially sensitive in 

terms of identification of the type of response (phasic 

vs. tonic). For instance, such electrodermal 

parameters as SCR amplitude and rise time is more 

feasible measure of phasic reactions, while basic 

skin conductance level (SCL) is better measure for 

tonic sympathetic activation. In the same way, some 

dynamic cardiovascular variables (heart rate, pulse 

volume) [ 5 ] are more sensitive to detect 

short-term responses as compared to less reactive 

ones (e.g., skin temperature). These variations in 

sensitivity are of crucial value during 

stress-inducing manipulations, where contrast among 

stimuli are small.

The aims of the study included analysis of 

psychophysiological mechanisms of stress response 

during acute stress modeled by word recognition test 

performed with various intensity of white noise 

background . The main purpose of the research was 

to identify the sensitivity of selected physiological 

variables to stress-eliciting experimental 

manipulations and to interpret possible autonomic 

mechanisms underlying psychophysiological 

reactivity to noise as background component of 

stress during mental load.

Seven college students ( 19-23 years) participated 

in the study. Physiological signals (ECG, finger 

photopletysmogram/PPG/, skin conductance, finger 

skin temperature and pneumogram ) were recorded 

by BIOPAC, Grass Neurodata System and 

Acqknowledge III software. The following 

autonomic variables were measured for each 

condition： heart rate (HR), respiratory sinus 

arrhythmia index (RSA calculated as difference 

between minimum and maximum HR in each 

respiration cycle), pulse transit time (PTT - time 

delay between R-wave of ECG and relevant 

maximum of pulse wave in PPG in the same cardiac 

cycle), finger pulse wave amplitude (PV), respiration 

rate (RSR) and mean amplitude of inspiration wave 

(A-RESP), skin temperature (SKT), skin conductance 

level (SCL), skin conductance response (SCR) 

amplitude and rise time, and the number of all 

SCRs . The first SCR within 2-4 s latency 

following stimulation onset was analyzed according 

to recommendations of [ 1 ].

The experimental procedure consisted of (1) an 

adaptation period (5 min), and following 40 s long 

conditions： (2) initial resting baseline recording , (3) 

the first word recognition task presentation, (4) 

baseline, (5) the recognition test I of given task 

with 85dB[A] noise background ( TEST I, 85dB), (6) 

baseline, (7) the second word recognition task , (8) 

baseline, (9) word recognition test II with the 70 

dB[A] white noise background ( TEST H, 70dB),

(10) baseline , (11) the third word recognition task 

presentation, (12) baseline , (13) the word recognition 

test DI with 55dB (TEST HI, 55dB), (10) post-test 

baseline . The instructions were given to subjects 

before task presentation. The instructions outlined 

the possibility of retest if the test was performed 

incorrectly in pre-set time limits. Subjective 

stress-level rating questionnaires and check lists 

were used for psychological assessment. Statistical 

analysis for each autonomic variables was performed 

by SPSS using T-test for paired samples.
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Results

Electrodermal activity. Basic SCL , as well as 

phasic SCL response demonstrated trend to gradual 

increase with higher intensity of background WN. 

The same tendency was manifested in parameters of 

SCR： highest amplitude and total number of SCRs 

was typical for 85dB noise background, while 55 and 

70 dB had similar profiles of responses. In general, 

EDA incremented gradually with increased intensity 

of noise background, with only few exceptions where 

lower intensities of WN did not differentiate.

Cardiovascular and respiratory activity. Both tonic 

and phasic HR responses were showing pattern 

opposite to EDA, being lower during higher 

intensities of WN. RSA index was almost the same 

in 55 and 70 dB, but lower in 85dB, however, RSA 

phasic response exhibited reverse pattern, namely 

increase in 85dBf no changes in 70dB and decrease 

in 55dB. PTT decrease had similar profiles in 70 and 

85dB, but lower in 55dB. Both tonic and phasic 

vascular responses expressed in PV were 

demonstrating gradual increment of reactivity, e.g., 

lower levels during higher intensity of WN. SKT 

had same tendency, reaching lower level with 

increased intensity of noise. Respiration rate and 

volume were lower in higher intensity of WN, profile 

resembling those of HR.

Some of the electrodermal and cardiovascular 

responses are presented in Figures 1 and 2.
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Figure 1. Electrodermal activity parameters： 

SCL change (left) and N-SCR during word 

recognition tests on noise background (55, 70 

and 85dB).
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Figure 2. Cardiovascular parameters； RSA 

index (left) and pulse amplitude during word 

recognition tests on noise background (55, 70 

and 85dB).

Discussion

Interpretation of processes evoked by 

experimental manipulations intended to induce stress 

response by combination of WN and performance of 

test with different intensity of noise environment 

may appear as follows.

Electrodermal and vascular responses demonstrated 

gradual increase of activity with increased 

background noise, while heart rate and respiration 

had reversed pattern, e.g. lower responses during 

higher intensity of noise. Since both skin 

conductance and vasomotor tone are controlled 

primarily by alpha-adrenergic sympathetic nervous 

system, we may conclude that peripheral sympathetic 

arousal increase was almost linear along intensity 

dimension. However, it should be noted that 

differences between 55 and 70dB effects were mostly 

non-significant, suggesting that only increase of 

noise intensity above 85dB led to differentiation of 

responses and marked sympathetic activation. 

Cardiac chronotropic responses were featured by 

lower activation during higher intensity of noise, and 

explanation for these observations should be sought 

in more complicated autonomic regulatory 

mechanisms affecting HR . Since PTT tended to 

decrease, presumably beta-adrenergic inputs to heart 
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were increasing with intensity, but RSA as an index 

of vagal inhibitory influences on HR increased in 

85dB ( probably to compensate increasing 

sympathetic drive and low tonic parasympathetic 

tonus). Another possible mechanism of increase of 

the RSA response may be due to lower respiration 

rate in higher WN, but this might be secondary 

effect of centrally mediated simultaneous inhibition of 

both cardiac and respiratory responses.

We may speculate that test performance with 

more intense white noise background (above 80 dB) 

switches physiological pattern of response to those 

typical for an active coping [3], with synergically 

increased beta-adrenergic sympathetic and vagal 

tone (as defined by RSA)[2,6,8 ], accompanied by 

increased skin conductance and overall peripheral 

(alpha-adrenergic) sympathetic activation (as 

indexed by PTT, SKT and HR changes) [5,6,13]. 

During lower intensity of stress, the autonomic 

mechanisms mediating the phasic physiological 

responses were presumably primarily determined by 

parasympathetic withdrawal with quite moderate 

sympathetic activation [12 ], as it was shown in our 

previous study [ 7 ]. One of possible explanation 

of fractional responses of electrodermal and 

vascular system, on one side, and heart rate, might 

be in more complicated autonomic regulation of HR, 

which is exerted by delicate balance of 

parasympathetic and beta-adrenergic sympathetic 

influences on cardiac rhythm and contractility, 

whereas electrodermal and peripheral vascular 

activity are mostly controlled solely by sympathetic 

nerves. Probably, in mild stress response during 

mental load on the background of noise, 

parasympathetic system partially compensates effects 

of sympathetic arousal on cardiac activity, 

preventing by antagonism cardiovascular 

overreaction, however after reaching certain 

threshold level of intensity, sustained sympathetic 

activation dominates despite phasic increase of 

parasympathetic tonus and this may result in 

physiological patterns typical for acute stress 

response. Employed model proved to be quite 

effective for understanding of autonomic mechanisms 

potentially involved in development of stress related 

disorders However, employed univariate analysis is 

not sufficient to draw more sophisticated 

interpretation of autonomic regulation of physiological 

systems during stress, suggesting the necessity to 

apply multivariate approaches [5] for understanding 

entire mechanisms operating during stress elicited by 

mental load and noise background.

Acknowledgment

This project was supported by KRISS research 

grant to Jin-Hun Sohn.

References

[1] Barry R.J. (1990) Scoring criteria for response 

latency and habituation in electrodermal research- 

A study in context of the orienting response. 

Psychophysiology, 27, 94-100.

[2] Bemston G., Cacioppo J., Quigley K, (1993) 

Respiratory sinus arrhythmia： Anatomic origin, 

physiological mechanisms and psychophysiological 

implications. Psychophysiology, 30, 183-196.

[3] Bongard S, (1995) Mental effort during active 

and passive coping. Psychophysiology, 32, 

242-248.

[4] Boucsein W., Ottman W. (1996) 

Psychophysiological stress effects from the 

combination of night-shift work and noise. 

Biological Psychology, 42, 301-322.

⑸ Boucsein W., Thum M. (1996) Multivariate 

psychophysiological analysis of stress-strain 

processes under different break schedules during 

computer wc仃k. In： J.Fahrenberg, M.Myrtek (Eds). 

Ambulatory Assessment： Computer-assisted 

psychological and psychophysiological methods in 

monitoring and field studies, (pp. 305-313), 

Seattle, Hogrefe & Huber.

[6] Cacioppo J.T., Bemston G.G., Binkley P.F., 

Quigley K.S., Uchino B.N., Fieldstone A. (1994) 

Autonomic cardiac control. Psychophysiology, 31, 

586-598.

[7] Choi S., Lee K.-H., Min Y.-K., Sokhadze E., 

Sohn J.~H. (1999) Autonomic mechanisms of an 

acute stress response during word recognition

-272-



task performance with intense noise background. 

Proceedings 1999 Korean Society for Emotion 

and Sensibility Coherence, Iksan, May 14, pp. 

127-132.

[8] Grossman P., Svebak S. (1987). Respiratory sinus 

arrhythmia as an index of parasympathetic 

cardiac control during active coping. 

Psychophysiology, 24, 228-235.

[9] Hanson E., Schellekens J., Veldman J., Mulder L. 

(1993). Psychomotor and cardiovascular 

consequences of mental effort and noise. Human 

Movement Science, 12, 607-626.

[1 이 Myrtek M., Spital S. (1986) Psychophysiological 

response patterns to single, double and triple 

stressors. Psychophysiology, 23, 663-671.

[11] Poulton E. (1979) Composite model for human 

performance in continuous noise. Psychological 

review, 86, 361-375.

[12] Schneiderman N., Weiss S.t Kaufman P.(Eds.} 

(1989) Handbook of Research Methods in 

Cardiovascular Behavioral Medicine. New York： 

Plenum Press.

[13] Sherwood A., Allen M.T., Obrist P.A., Langer

A.W. (1986) Evaluation of beta-adrenergic

influences on cardiovascular and metabolic 

adjustments to physical and psychological stress. 

Psychophysiology, 23, 89-104.

[14] Sokhadze E., Yi L, Choi S., Lee K.-H., Sohn 

J.-H. (1998) Physiological indicators of emotion 

and attention processes during affective and 

orienting auditory stimulation. J. of Acoustical 

Society of Korea, 17t Is, 291-296.

-273-


