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Abstract. The effects o f noise on  inform ation processing in perceptual and m em ory tasks, as 
well a s  tim e reaction to  perceptual stimuli, were investigated in a  laborato ry  experiment. 
Perform ance and heart ra te  in Inform ation Processing Test, Simple and Choice Reaction 
Time tests and S troop’s test were evaluated at three levels of noise (silence, 75 dBA, 
95 dBA). Individual noise sensitivity and noise-induced tem porary  threshold shift (NITTS) 
were a lso  assessed.

T h e  results show th a t neither noise nor individual noise sensitivity, o r  N ITTS, as 
separate factors have an influence on inform ation processing and time reaction to 
perceptual stimuli. However, noise effects simple reaction time in interaction with individual 
noise sensitivity, and inform ation processing — within experim ental session duration .

E xperim ental session du ra tio n  was the one separate factor affecting inform ation 
processing.

N o ise  as a  separate factor does no t have an  influence on task perform ance, however, it 
affects h e a r t rate. The higher increase of noise-induced tem porary  threshold  shift, the 
smaller th e  num ber of heart beats/m inute was found.

IN T R O D U C T IO N

Noise is one of the m ost com m on stressors in the hum an environm ent. It 
can disturb m an ’s work, sleep, and  communication. Because of its complexity, 
variability an d  in teraction  with o ther environm ental and psychological factors,
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the adverse effects of noise do no t lend themselves to  straightforw ard analysis. 
The results of the effect of noise on the perform ance of tasks involving cognitive 
processes are am biguous. They showed both  positive and negative effects (10).

W oodhead (14) for example, shows tha t noise adversely affects tasks 
involving a com bination of memorizing and problem  solving. However, when 
noise was introduced into the calculation phase only, performance was 
im proved. D a ta  from tasks requiring ordered recall support the view th a t noise 
im proves ordered recall (2,5,13). D ornic (3) suggests th a t  noise, like o ther 
variables which increase task difficulty, induced the use of lower m em ory 
processes which force subjects to parro t back lists, thus foregoing deeper levels 
of analysis. O ther studies (6) showed that, sometimes, perform ance of high- 
-priority aspects of a task could be enhanced while perform ance of low -priority 
aspects was diminished by noise.

N oise experiments involving complex m ental tasks, analytical processes, 
learning or inform ation gathering have dem onstrated a disruptive effect of 
noise (4,12). The same effects have been shown in vigilance tasks, and in the 
accuracy of continuous serial reaction (1). The vigilance activities not being 
repetitive and dem anding accurate, rapid  decisions, are m ore  adversely affected 
by distraction^ then m any other activities.

In general, the negative effect of noise is likely to  be more severe as the 
task becomes m ore difficult and the experiments involve m ore complex 
cognitive processes.

The reception, interpretation, and reaction to noise depends o n  individual 
variables. Am ong them, one of the m ost im portan t is subjective noise 
sensitivity. O hrstrom  and her colleagues (7) for example, shown th a t annoyance 
after exposure to  noise in a laboratory  environm ent is n o t closely related to 
neurophysiological sensitivity to noise, but is highly correlated with subjec­
tively reported  noise sensitivity and with the attitude to  noise. These authors 
also found a significant noise effect on subjective sleep quality  only am ong the 
sensitive subjects (8). Stansfield et al. (11) described a  relationship between 
noise sensitivity and the presence of psychiatric sym ptom s in areas with a high 
level of aircraft noise exposure.

It is possible tha t the noise induces a higher stress reaction in noise- 
-sensitive individuals. As a consequence, the sensitive g ro u p  would have acted 
worse on the perform ance tests.

A IM  O F  T H E  S T U D Y

The general aim  of this study was to  assess the effect of noise on cognitive 
processes of subjects in experim ental conditions. The analysis was limited to 
inform ation processing in perceptual and m em ory tasks, and also  to reaction 
time. These psychological functions are im portan t in  determining work 
reliability in some professions dem anding accurate decisions based on visual 
inform ation, such as operators. :;
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The following hypotheses were postulated:
1. Noise adversely affects reaction time and inform ation processing in 

perceptual and m em ory tasks;
2. The m ore the subjective noise sensitivity, the stronger the negative 

noise effect on reaction time and inform ation processing in perceptual and 
m em ory tasks;

3. The longer the time of noise exposure, the stronger the negative noise 
effect on reaction time and inform ation processing in perceptual and m em ory 
tasks;

4. The longer the noise exposure time, the stronger the negative noise 
effects on functioning (activity) of cardiovascular system.

The last hypothesis was form ulated according to the following assum p­
tion. The changes in activity of the cardiovascular system (higher heart rate) 
can be a form of com pensation for negative noise effects. In  such a situation, 
negative effects on task perform ance m ay n o t be found.

M ATERIALS A N D  M E T H O D S

Subjects. The subjects were employees of the Institu te of O ccupational 
Medicine. They were 18 men aged from 25 to  40 with high-school or university 
education. They were recruited voluntarily and paid for their participation. 
Acceptance of the experim ent’s program  and levels of noise exposure was given 
by the Local Ethical Committee. The final classification of the experim ent was 
m ade by the internist and laryngologist.

Experim ental design. Subjects participated in the experim ent four times. 
To avoid the effect of learning process, a group of six solved the experim ental 
tasks in the same order of laboratory  conditions (Table 1).

TA BLE 1. Experim ental design.

Experim ental
conditions

O rder 

n =  6

of experir 
conditions 

n =  6

nental 

n  =  6

silence 1 3 2

75 dBA 2 1 3

95 dBA 3 2 1

D uring the first session they solved these tasks tentantively. After that, 
they were asked to  fill in the N oise Sensitivity Questionnaire. D uring the next 
three sessions the subject was closed in a sound-proof cabin and after five 
m inutes he started to  carry out the tests in the following order:

1. Inform ation Processing Test (IPT) — Perceptual tasks — first exam ina­
tion,
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2. Simple Reaction Time test (SRT),
3. IP T  — M em ory tasks — first exam ination,
4. S troop’s test,
5. IP T  — Perceptual tasks — second exam ination,
6. Choice Reaction Time test (CHRT),
7. IP T  — M em ory tasks — second exam ination

These tests were perform ed by the subjects in silence and at two levels of noise 
(75 dBA and 95 dBA).

The noise to which the subjects were exposed was natural (taped from  
a power station). D uring the experiment heart ra te was recorded using an  E C G  
apparatus. M oreover, to assess the noise induced tem porary threshold shift, 
pre- and post-exposure hearing of subjects was measured.

Perform ance tests. A com puter version of IPT , was used, based on 
Sternberg’s additive factors m ethod (9). This version consists of perceptual and 
m em ory tasks. Generally, in IPT , the effectiveness of inform ation processing 
stages was assessed, in particular, the effectiveness of encoding and com parison.

The perceptual test consisted of 60 items. .Each of them  included tw o  sets 
of black letters which were exposed on the white screen and separated  by 
vertical line. Each set was the com bination of one, two or three letters, o n  the 
m asked or unm asked background and in a ro tated  or unro tated  position  
(Table 2). The subject had to  com pare two sets of letters and answer if they 
were the same. The num ber of errors and perform ance time were m easured. 
According to  Sternberg’s theory, m ask and rotated  stimuli recognition is 
connected with the encoding stage of inform ation processing. M anipu la tion  of 
“size of set elements” influenced the com parison stage.

TABLE 2. K inds o f stimuli com binations in IPT -Perceptual tasks.

K ind of 
stimulus

Stimulus
position

N um  
1 letter

jer of set elei 
2 letters

nents 
3 letters

unm asked
unro tated a b c

ro tated d e f

m asked
unro tated g h i

ro tated j k 1

i

M em ory test included 16 items. The subject was given a short list o f  letters 
to  hold in his memory, and had to  classify a probe letter as an  elem ent or 
non-elem ent of the m emorized set. Each list was the com bination of tw o, three, 
four or five letters, on  a  m asked or unm asked background, and in a ro ta ted  or 
unro tated  position (Table 3). The num ber of errors and the perform ance time 
were measured.
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TABLE 3. Kinds o f  stim uli com binations in IPT -M em ory tasks

K ind  of 
stim ulus

Stim ulus
p osition 2 letters

N um ber of 
3 letters

set elements 
4 letters 5 letters

unm asked
u n ro ta ted a b c d

ro ta ted c d e f

m asked
u n ro ta ted g h i j

ro ta ted k 1 m n

IP T  (perceptual and memory) was given twice at the beginning and end of 
the experimental session (after abou t 30 minutes). It was necessary to  assess the 
effect of time exposure (noise exposure duration) at two levels of noise.

T he com puter versions of Simple R eaction Time test and Choice Reaction 
Time test were also  used. In  the latter, the subject had to  react to one of two 
different perceptual stimuli.

S troop’s test was used to evaluate individual susceptibility to stimuli 
disturbing m ental processes. The com puter version of this test included four 
subtests. In the first one, the subject was asked to  press, as quickly as possible, 
the b u tton  of the sam e colour as the figure shown on the m onitor. In  the 
second, he had to  press the b u tton  of the same colour as expressed by the word 
exposed on the m onito r. In  the next, the subject had to  react as before, bu t in 
this instance the nam e of the colour was the same as the colour of the type. The 
fourth subtest included conflict tasks. The subject had to react to the colour of 
the type, which w as inconsistent with the nam e of the colour expressed by the 
word. In  each o f these subtests, the num bers of errors, time of correct and 
incorrect reactions and  difference between num ber of heart beats/m inute in 
tasks with conflict and  non-conflict stimuli were measured.

Statistical analysis. O ne and two factoral ANOVA for repeated measures 
were used to analyse the results of Simple R eaction Time, Choice R eaction 
Time and  S troop’s tests.

M ANOVA for repeated measures was used to  analyse the results of 
Inform ation Processing Test.

RESULTS

F irs t we will p resen t results of the tests which were perform ed once (SRT, 
C H RT, Stroop’s test), next — the results of IP T  which was perform ed twice, at 
the beginning an d  the end of the experim ental session.

As it is show n in Tables 4 and 5, noise does no t influence time reaction 
and num ber of e rro rs  in Simple Reaction Time, and Choice R eaction Time 
tests and  also in  S tro o p ’s test. However statistical analysis shows a significant 
interaction effect o f noise and individual noise sensitivity on time reaction and 
num ber of errors in  the first test (Figs 1 and 2).
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TABLE 4. M eans and standard  deviations of time reaction  a n d  number o f errors in Simple 
R eaction Tim e and Choice Reaction Time tests.

L abora to ry
conditions

Silence 75 dBA 95 dBA

Tests M SD ' M SD M SD

SRT
time .276 .105 .293 .083 .284 .077

errors 3.333 9.701 1.667 7.071 1.778 7.059

C H R T
time .392 .117 .376 .106 .369 .100

errors 5.222 13.791 2.722 6.918 2.611 6.946

TABLE 5. M eans and standard  deviations of tim e reaction a n d  num ber of e rro rs  in S troop’s test.

L aboratory
conditions

Silence 75 dBA 95 dBA

Stroop’s
subtests

M SD M SD M SD

subtest I
time 1.010 .211 1.071 .210 1.042 .211

errors .278 .826 1.667 3.068 .778 . 1.555

subtest II
time 1.124 .258 1.106 .214 1.114 .238

errors 2.056 5.672 1.722 3.357 1.222 1.801

subtest III
time 1.040 .244 1.021 .217 1.010 ,.197

errors 2.556 5.294 .778 1.478 .278 .575

subtest IV
time 1.260 .210 1.287 .312 1.265 .294

errors 1.056 1.434 .778 1.478 .778 1.734

As the results of SRT-test show (Figs 1 an d  2), for the highly sensitive 
group there is no difference in the num ber of e rro rs  and m ean time reaction 
between silence and the two levels of noise. In  the same test, for the low 
sensitivity group, a decrease of the num ber of e rro rs  and also increase of mean 
time reaction were found a t the noise of 75 dBA. I t  means, th a t com pared to 
silence, a t tha t level of noise, low sensitivity subjects work longer b u t better.
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Fig. 1. Interaction effect of noise and individual noise sensitivity on m ean time reaction in Simple 
R eaction Time test.

Fig. 2. Interaction effect o f noise and individual noise sensitivity on m ean num ber o f errors in 
Simple Reaction Tim e test.
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These results show unexpectedly th a t noise affects only low sensitivity 
subjects’ performance. M ay be it is connected with a difference in levels of 
m obilization between low and high sensitivity subjects. The high sensitivity 
subjects probably  expect a m ore disturbing noise influence, so they concentrate 
on the task m ore than  the second group. Furtherm ore, these results are difficult 
to  explain because low and high sensitive subjects already differ “on in p u t”, i.e. 
in silence.

The results of A NOVA for S troop’s test showed significant noise influence 
only on heart rate. The value of the difference in heart beats/m inute as 
a reaction to  conflict and non-conflict stimuli was decreased by  noise 
(F(2,16) =  5.04; p <  0.02).

Because of the small num ber of errors and  small differentiation between 
groups, only perform ance time was analysed in IPT.

Am ong all factors, only noise exposure duration  influences perform ance 
time in IP T  — Perceptual tasks (M AN OVA Wilks test F(3.15) =  3.656; 
p  <  0.037). The strongest effect of this factor was found for tasks with 3-element 
stim uli (F(1.17) =  12.27; p  <  0.003) and  unm asked stimuli (F(1.17) =  10.94; 
p <  0.004). In the case of m ore difficult tasks (3-element stimuli), the m ean  time 
of perform ance after 30 minutes was shorter (M =  1.25 sec) th an  a t the 
beginning of noise exposure (M =  1.30 sec). Then, in the case of easier tasks 
(unm asked stimuli) perform ance time was longer (M =  1.13 sec) th an  at the 
beginning (M =  0.96 sec). Shorter second-time performance in tasks with
3-element stimuli is probably connected with changes of the com parison stage 
of inform ation processing, while longer second-tim e performance in th e  tasks 
with unm asked stimuli — with changes of the encoding stage.

Furtherm ore, in case of the tasks with 3-element stimuli, the in teraction  
effect of noise and session duration  was found (F(2.34) =  2.99, p  <  0.064; 
Fig. 3). The higher the noise, the shorter perform ance time at the end o f noise 
exposure. I t  means, th a t noise does n o t d isturb  com parison function.

Analysis of heart beats/m inute during tasks perform ance in IPT -Percep- 
tual tasks shows significant results only a t the highest level of noise (95 dBA). 
Two factors determ ining heart beats/m inute in these tasks were found. They 
are noise exposure duration  (F( 1.15) =  4.34; p  <  0.05) and noise-induced 
tem porary  threshold shifts (F(1.14) =  4.34; p <  0.034). D uring the second 
perform ance of IPT -Perceptual tasks (after abou t 30 min of noise exposure) the 
num ber of heart beats/m inute increased (M =  84.65) in com parison w ith the 
beginning of noise exposure (M =  82.65). However, the higher the increase of 
NITTS, the smaller the num ber of heart beats/m inute (for the lowest N ITTS, 
M  =  96.17 beats/m inute; for the highest noise-induced tem porary threshold  
shift, M  =  76.43 beats/minute). It is difficult to  explain this effect, bu t one can 
suppose tha t the noise induced tem porary  threshold shift at the high level of 
noise is kind of defense mechanism protecting the organism from excessive 
vegetative stim ulation.

The results of M A N O V A  for IP T  — M em ory tasks shows tha t am ong all 
factors only experim ental session duration  influences perform ance tim e in  these 
tasks. The strongest effect of this factor was found for tasks w ith  2-, 3-,
4-element stimuli, unm asked and unrotated , especially in silence an d  a t 'th e
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silence 75 dBA 95 dBA

Fig. 3. In teraction  effect of noise and experim ental session du ra tio n  on m ean time perform ance for 
tasks w ith 3-elements stimuli in IP T  — perceptual tasks.

75 dBA level o f noise (Table 6). F or all these tasks, the longer the time of 
experimental session, the longer the time of perform ance was found, except for 
the tasks with 3-element stimuli. In  the case of these tasks the influence of 
session duration  was the same as in the case of IP T  — perceptual tasks (ie., 
time perform ance was shorter in the second examination). There is no  influence 
of this factor on  perform ance time in tasks with 5-element stimuli, m asked and 
rotated.

T A B L E  6. The influence of noise exposure du ra tion  on  perfor­
m an ce  tim e in IP T  — M em ory tasks in three experim ental 
co n d itions (results of MANOVA).

Experim ental
conditions

K ind of stimuli
Significance 
of influence 

(P)

2-elements 0.009

silence
3-elements 0.005
4-elements 0.001
unm asked 0.04

2-elements 0.038
3-elements 0.003

75 dBA 4-elements 0.003
unm asked 0.059
unro tated 0.006

95 dBA 3-elements 0.056
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Just as in perceptual tasks, in m em ory tasks of IP T , the higher the increase 
of noise induced tem porary threshold shift the sm aller the num ber of heart 
beats/m inute a t the highest level of noise (F(2.15 =  4.03; p <  0.041).

D IS C U S SIO N

The results show tha t noise (at levels 75 dBA and  95 dBA) as a separate 
factor does no t influence inform ation processing, and  time reaction to 
perceptual stimuli.

Individual noise sensitivity and noise-induced tem porary  threshold shift 
neither influence these variables.

Experim ental session duration was the one separate factor affecting 
inform ation processing. The results in IP T  — perceptual task suggest that the 
encoding stage of inform ation processing is d isturbed by session duration. The 
effect of this factor on the com parison stage of inform ation processing is not 
clear. O n the one hand, it shortens time perform ance in the tasks with 
3-element stimuli in bo th  IPT-perceptual and IPT -m em ory tasks. O n the o ther 
hand, it lengthens time perform ance in the tasks with 2 and 4-element stimuli in 
IPT -m em ory tasks.

However, noise influences simple reaction tim e in interaction with 
individual noise sensitivity, and inform ation processing — with experimental 
session duration. The results unexpectedly show th a t noise affects simple 
reaction time only in the low noise-sensitivity group. P robably it is connected 
w ith differences in the levels of m obilization between low and high sensitivity 
subjects. This hypothesis should be verified in fu rther studies. As the results of 
S troop’s test show, noise decreased the difference in  vegetative reactions to 
stimuli of different levels of difficulty.

A nother factor affecting heart rate is noise induced tem porary threshold 
shift (NITTS). As the results of IP T  show, the higher the  increase of NITTS, the 
sm aller the num ber of heart beats/m inute. W e form ulated the hypothesis that 
N IT T S at high level of noise is a kind of defense m echanism  protecting the 
organism  from excessive vegetative stimulation.
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