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Subjective, behavioral and psychophysiological effects of
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KJELLBERG A. Subjective, behavioral and psychophysiological effects of noise. Scand J Work Environ
Health 1990;16(suppl 1):29—38. The subjective and psychophysiological responses to noise and the
effects of noise on performance have been reviewed in this article. Emphasis was placed on moderate-
intensity noise and on the effects relevant for occupational noise exposure. It was concluded that in many
respects research presents a rather inconsistent picture of these effects. Still, it is evident that the nonaudi-
tory effects of noise may be serious enough to warrant as much general attention in the occupational
setting as has for some time been accorded in residential settings.
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Noise is probably the most widespread problem in the
physical work environment. Thus about 40 % of the
total work force consider themselves to be exposed to
noise in Sweden. For male workers this figure is 68 %,
and even among the white-collar workers the figure
is about 25 %. Noise is also one of the environmental
problems for which the psychological view points are
of obvious importance. Thus, even the definition of
noise, ie, ‘“‘unwanted sound,’”’ is stated in psychologi-
cal rather than in physical terms. And although hear-
ing damage of course is the most serious consequence
of noise exposure, noise certainly creates problems at
levels much lower than those at which such damage
may occur.

The aim of the present paper was to review the psy-
chological effects of noise where they are relevant for
noise in the work environment. The limited space
necessitates a very selective approach. Basic issues
already adequately covered by previous reviews and
books have, thus, often only been briefly noted with
references to such works. The major basis for selec-
tion, however, was the emphasis on the work environ-
ment, since this aspect makes most psychological noise
research of limited interest. Most of the applied psy-
chological research on noise has dealt with problems
in residential areas and is only partly generalizable to
the work environment. Sleep disturbance is, eg, a ma-

jor criterion of disturbance in residential areas, whereas,

it is irrelevant for almost all work situations. Within
the extensive experimental noise research, noise has of-
ten been used as a convenient way of creating a stress-
ful situation or to raise the arousal level. Thus the
immediate objective has often been to test theoretical
proposals with little direct relevance to the noise prob-
lems at the workplace. All the same, most of the hard
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facts about noise effects emanate from such labora-
tory studies.

Which, then, are the psychological effects of in-
terest? The most obvious is the subjective responses
to noise, eg, annoyance or irritation. But noise may
also change a person’s behavior. It may lower perform-
ance level, and sometimes it also affects behavior to-
wards other people. Finally, there may be psycho-
physiological counterparts to these subjective and be-
havioral responses; noise sometimes, eg, elicits physi-
ological stress responses. These three types of effects
are treated, in turn, in the following discussion.

Subjective responses to noise

In studies of subjective responses to noise subjects typi-
cally rate how loud, annoying, disturbing, etc, they
find the noise. The relation between such estimates and
various physical characteristics of the noise has been
studied extensively, whereas the influence of other
aspects of noise and of the situation is less well known.
Another way of studying the subjective responses to
noise is to make subjects describe their subjective state,
eg, their mood, in the presence and the absence of
noise. Mackay (1) used an instrument based on the
two-dimensional stress-arousal model of mood and
found that subjects were more distressed during noise
exposure, whereas the effect on the activation dimen-
sion was less marked. However, such studies of mood
are rather rare, and little can be said about the rela-
tion between such responses and various characteris-
tics of noise.

Critical physical characteristics

The basic psychoacoustics, ie, the relation between the
physical qualities of noise and the subjective response
to it, are common knowledge and have been summa-
rized by many authors (2). Therefore, they have been
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treated only briefly, stress being placed on the excep-
tions to the general rules.

Sound level. 1t is generally agreed that the loudness
of a sound in most cases is doubled with each 10-dB
increase in the sound pressure level. The most impor-
tant exception to this rule is low-frequency noise.
When, eg, a 100-Hz tone is raised 10 dB, it is ex-
perienced as four to five times louder (3).

Similar functions have been determined for more
evaluative aspects of the subjective response to noise,
like noisiness and annoyance (4). Generally, only smalil
differences have beén found between these functions.
Thus a certain increase in the noise level usually in-
creases loudness and annoyance to the same extent.
However, when two different sounds are compared,
the one with the lowest sound level may of course be
the most annoying.

In reports of noise surveys in residential areas, the
effect of noise level is often not described in terms of
degree of annoyance but in terms of the percentage
of the exposed who complain or experience a certain
degree of annoyance. A typical finding in studies of
traffic noise is that the percentage of annoyed people,
above a threshold level, increases by about 10 % for
each 5-dB increase in the sound level (4).

Frequency. There is general agreement on the overall
shape of the equal loudness curves, which describe the
differential sensitivity of man to sounds of different
frequencies. Thus the maximum sensitivity lies within
the 500—5000 Hz frequency range, the sensitivity
decreases rapidly in the lowest frequency band, and
few persons hear any sounds above 15 000 Hz. A
100-Hz tone must, eg, be presented at about 50 dB in
order to be experienced as equally loud as a 40 dB tone
of 1000 Hz. The equal loudness curves become flatter
at higher sound pressure levels, ie, the frequency de-
pendency decreases when the level is raised. The fre-
quency weighting filters which are normally used when
noise is measured are based on such curves. However,
it should be noted that the same filter, usually the
A-filter, is used irrespective of sound level. This fil-
ter, yielding readings denoted as dB(A), is based upon
the equal loudness curve at a very low level (40 dB),
where the difference between the sensitivity to different
frequencies is large. In other words the dB(A) value
is influenced very little by the low-frequency compo-
nents of the noise. A consequence, which is confirmed
by several studies, is that the dB(A) value grossly un-
derestimates the subjective impression of noise con-
taining strong low-frequency components, eg, venti-
lation noise (5).

Contrary to popular belief, it is possible to hear
sounds below 20 Hz, ie, infrasound, if presented at
high enough levels. (The auditory threshold lies around
95 dB at 16 Hz and 120 dB at 3 Hz.) Infrasound is
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distinguished from higher frequencies in that a pure
infrasound tone has subjectively no tonal quality but
is experienced as beats. Infrasound may also give rise
to vibrotactile sensation, but the threshold for it lies
15—30 dB above the hearing threshold (6).

Equal sensation curves have also been constructed
for noisiness (4). Their general appearance is very simi-
lar to the loudness curves, but there is a more marked
sensitivity maximum in the 2000—5000 Hz band. The
D-weighting filter is based upon this curve, and it has
been shown that dB(D) often gives a better prediction
of annoyance than dB(A), especially for noise con-
taining strong low-frequency components (5).

Exposure time. The effects of the length of exposure
to noise may be viewed in different perspectives. Con-
sidering first very short exposure times, it is known
that, during a short period of about 0.1 s, energy is
integrated to create the impression one has of the loud-
ness (temporal summation) (3). In other words a 10-ms
sound is less loud than a 100-ms sound when the two
are presented at the same sound pressure level. This
100-ms integration time is built into the sound level
meter and results in a better prediction of the subjec-
tive impression. However, an underestimation of the
risk of hearing damage may sometimes occur since the
integration time in the ear is less than 2 ms. Thus a
very short sound (impulse noise) may cause damage
to the ear without being experienced as very loud (7).
In such a case the subjective response does not consti-
tute an adequate warning for risks of damage.

The second perspective concerns how the subjective
impression changes when exposure is prolonged up to
several hours. In many sense modalities a rather dra-
matic adaptation occurs. This does not seem to be the
case for sound, except at near threshold levels. Thus
loudness generally does not seem to be lower after
1 h than after 1 s (3).

Finally, it is commonly believed that in a long-term
perspective people will adapt to noise in the sense that
they become less annoyed by it. In fact, most evidence
speaks against such an effect (8), at least after the first
few weeks in a new environment. A study by Wein-
stein (9) even indicates that the annoyance of those who
are initially most annoyed by the noise undergoes the
opposite change; their annoyance increases with ex-
posure time.

Temporal variability. The risk for hearing damage is
usually less if the noise varies over time than if it is
constant. If anything, the opposite is true for subjec-
tive reactions to noise. Variability is in itself an an-
noying characteristic of noise (10, 11). A very sudden
increase in noise level is especially annoying (4).

Signal-noise ratio. The most obvious effect of noise
is that it may mask speech and other sounds which one



wants to hear. Several studies have shown that noise
is especially annoying when this is the case (12, 13).

However, masking may sometimes have a positive
effect, by making unwanted sounds less intrusive. Faint
intermittent sounds, like dripping water, may become
very annoying if heard in an otherwise very quiet en-
vironment. In such cases a continuous masking noise
would probably decrease the annoyance. The same is
true of speech masking. Sometimes a higher back-
ground level is preferred if it prevents a person from
overhearing irrelevant conversations. This effect
naturally also operates in the other direction, ie, by
preventing others from hearing a conversation, noise
also protects privacy.

Other factors influencing the subjective response to
noise

In studies of noise annoyance in residential areas
physical noise measures have generally been found to
explain a very small percentage of the interindividual
variance in annoyance (14, 15). There is a lack of com-
parable data from occupational environments, but in
a methodological study (16) it was possible to explain
about 25 % of the variance in the most favorable case
and only 14 % in the least favorable. These results may
partly be explained by shortcomings in the annoyance
and noise measurements, but it is also evident that non-
physical noise characteristics are of great importance.
Unfortunately, research on the influence of such fac-
tors on subjective response is rare and virtually non-
existent with respect to the work environment. There-
fore, the factors presented in this paper have rarely
been subjected to any systematic studies, although they
are often mentioned as critical. They also constitute
possible explanations of observed group differences
with respect to noise annoyance.

Informational content. In many work environments
complaints about noise most commonly concern irrele-
vant speech (17). Probably the informational content
of the speech is the main determinant of its intrusive-
ness. However, there is some support from perform-
ance data that even incomprehensible speech sounds
are especially intrusive (18). However, no systematic
studies have been reported on the relative importance
of various speech features on subjective effects.
Sounds other than speech may of course also carry
information which makes them more or less accepta-
ble, eg, that something is wrong with a machine.

Predictability and controllability. Results from stress
research indicate that an unpredictable and uncon-
trollable stressor generally yields a stronger stress re-
sponse than a predictable and controllable event (19).
A predictable stressor offers greater possibilities to
prepare oneself and also implicates that there are

periods during which the person does not have to be
prepared for the stressor. Accordingly, an expected
noise is generally judged as less annoying than an un-
expected one. Similarly, the person who operates a ma-
chine and thus controls its noise is generally less an-
noyed by it than are other people exposed to the same
noise.

Attitude towards the noise source. A person’s response
to noise is also influenced by his or her attitude to-
wards the source of the noise. McKennell (20), eg,
found that the persons least annoyed by the noise
from the Concorde airplane were those who had the
strongest patriotic feelings for the Concorde project.
Likewise, Sorensen (21) managed to reduce the com-
plaints about aircraft overflights by creating a more
positive attitude towards the air force.

It is reasonable to assume that the same mechanisms
are at work also in occupational settings. Thus one
would, eg, expect a secretary who does not like word
processors to be especially irritated by the printer noise.

Ongoing activity. It is often assumed that annoyance
response depends on the task in which one is engaged.
However, no studies have been reported on the impor-
tance of task characteristics other than vulnerability
to masking effects. Thus there is no empirical basis
for the often expressed view that the different types
of activities in factories and offices may explain why
higher levels are tolerated in factories.

Aspiration level and the “‘necessity’’ of the noise. In
a workshop most of the noise is generally regarded as
an unavoidable consequence of the activity, whereas
the same noise would be considered unnecessary in an
adjacent office. This is probably the main reason why
a noise deemed acceptable in a workshop would be
regarded as unbearable in an office. The importance
of aspiration levels and the avoidability of the noise
has never been studied in occupational environments,
but it has been shown to be an important factor for
noise response in residential areas (22).

Individual differences. 1t is obvious that the same noise
elicits widely different responses from different per-
sons. Much research has been devoted to these in-
dividual differences, and it has mainly concerned the
following three questions: (i) are there any stable in-
dividual differences with respect to the subjective re-
sponse to noise; (ii) if so, is it a case of specific noise
sensitivity; and (iii) finally, what characterizes noise
sensitive persons? A comprehensive review of the
studies on individual differences has been written by
Jones & Davies (23).

The first problem encountered when one tries to
study individual differences is how the sensitive in-
dividuals should be identified. One strategy has been
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to find the individuals who give extremely high annoy-
ance ratings in relation to their exposure levels. Such
ratings do not of course reflect only stable individual
characteristics, but also response styles, situational
differences, and transient states. Another strategy is
to ask directly how sensitive the persons consider them-
selves. Irrespective of the method used, the validity and
reliability of the sensitivity index will create problems
of interpretation.

Although it has been claimed that the distribution
of noise sensitivity is bimodal (24), most evidence in-
dicates a normal distribution (25). The persons who
appear to be sensitive to noise thus probably consti-
tute the upper part of a normal distribution of in-
dividual responses. The question remains regarding the
extent to which these differences may be attributed to
stable individual differences in noise sensitivity. The
low test-retest reliabilities of annoyance ratings indi-
cate that, to a large degree, they reflect transient states
rather than stable traits (26). On the other hand, Wein-
stein (9) found that students who reported themselves
to be noise sensitive before arriving at college were aiso
much more bothered by dormitory noise.

However, there are reasons to doubt that the stable
differences in annoyance reflect a specific noise sensi-
tivity. Thus, in a later study, Weinstein (27) found sub-
stantial correlations between the evaluations of dif-
ferent aspects of the neighborhood. He also found that
a critical tendencies scale (that did not include any
guestions on noise) predicted noise annoyance as well
as a noise sensitivity scale did. Thus noise sensitivity
as a specific and stable trait has little support in data.

What characterizes those most annoyed by noise?
The very inconsistent results indicate, eg, that there
are no simple sex and age differences in noise sensi-
tivity (27). There is some support for associations be-
tween different personality traits and noise sensitivity
(23), but, again, it is possible that the noise sensitivity
measure should rather be viewed as a measure of
general annoyance (25).

One group which definitely deviates from others in
response to noise comprises those with a hearing im-
pairment. Contrary to popular belief these people are
not necessarily less sensitive to noise than those with
normal hearing. Quite the opposite, they are often
more annoyed by noise than others. There are two rea-
sons for this sensitivity. One is the recruitment phe-
nomenon, which means that, although their hearing
thresholds are higher than those of an unimpaired per-
son, the loudness of sounds well above the threshold
may be normal. Thus, for an impaired person, the
growth of loudness is abnormally rapid when the level
is raised well above the threshold. Therefore sounds
with a varying sound level, eg, speech, become dis-
torted and more annoying.

The other reason for more severe annoyance re-
sponses among those with impaired hearing is that the
impairment is followed by strengthened masking
effects. In other words, much lower noise levels be-
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come annoying as a consequence of their interfering
with, eg, speech intelligibility (28).

Behavioral effects of noise

The behavioral effect of noise which has attracted most
attention is the effects on performance, and the pres-
ent section thus deals primarily with these effects. The
studies of social behavior during noise exposure are,
however, mentioned briefly.

Theoretical interpretations of the performance
effects

Masking. 1t is an undisputable fact that the perform-
ance of any task which involves auditory cues may be
deteriorated by noise. Poulton (29) has claimed this
situation to be true of almost all reported negative ef-
fects of continuous noise. Thus, according to him,
these effects may be explained by the masking of audi-
tory feedback or inner speech. Broadbent (30) has con-
vincingly argued against these ideas and showed that
they leave many effects unexplained. However, Poul-
ton must be credited for calling attention to the im-
portance of the masking of auditory cues aiso in tasks
which are not primarily of an auditory nature.

Distraction. Any sudden change in the environment
may disrupt ongoing activity. This statement is of
course also true with respect to the onset and offset
of noise. Distraction may also be important for the
negative effects of variable and meaningful noise (eg,
irrelevant speech).

Arousal level, allocation of attention. The effects of
noise on performance have usually been treated within
the framework of arousal theory, sometimes sup-
plemented by the hypothesis that attention becomes
more selective at high arousal levels. Generally speak-
ing, noise has been supposed to raise the arousal level,
but there is reason to believe that continuous or repeti-
tive noise sometimes makes people sleepy (6, 31, 32).
The main support for the arousal theory has been
provided by studies in which noise has been found to
alleviate the effects of dearousing factors like sleep
deprivation (33).

One problem encountered by arousal theory is the
fact that small changes in the task or the experimen-
tal situation may alter the results dramatically. Thus
experimental results by no means present a simple and
consistent picture of the effects of noise. This fact has
cast doubts upon the rather mechanistic arousal theory
and has been used as an argument for a ‘‘strategy
choice theory,”” which states that noise influences the
way in which a person chooses to carry out a task (34,
35). In other words, eg, attentional selectivity is not
regarded as an inevitable consequence of the arous-



ing effects of noise, but as one of many factors which
may increase the mental load and make the task more
difficult to perform. In such a situation the available
information processing resources are likely to be di-
rected towards the most important aspects of the task
at the expense of the less important ones. This is not
to deny that some of the performance effects are un-
avoidable consequences of the noise exposure. This
statement is primarily true of those consequences
brought about by masking effects, but it is also con-
ceivable that some of the effects on short-term verbal
memory are a result of direct and unavoidable inter-
ference with a stage of information processing.

Field studies of safety and efficiency

The few studies treating the effects of noise on safety
and efficiency at workplaces indicate that high noise
levels are associated with higher accident rates (36) and
lower productivity or higher error rates (37, 38). How-
ever, the interpretation of these results is complicated
by the fact that high-noise work settings are likely to
be defective also in other respects. A certain control
over such confounding factors may be attained through
the study of the effects of noise reduction. However,
when Noweir (38) found that a reduction in noise level
led to higher productivity, it may have been a result
of the management showing an interest in improving
the environment, rather than of the noise reduction
in itself. The reduced accident rate as a result of wear-
ing ear protectors shown by Cohen (39) is less likely
to be an effect of such factors. The same is true of
the reduced error rate found by Broadbent & Little (37)
in a factory producing motion picture films. In this
factory workers alternated between two rooms, one
of which was treated acoustically. Operator errors were
substantially reduced in this room but not in the other
one. Reduced masking effects may be one explanation
for this outcome, but attentional effects might also
have been of importance.

Noise effects in different tasks

Noise is relatively easy to produce in the laboratory,
and this is probably a major reason for the vast amount
of laboratory research on noise and performance in
comparison with research on other factors of the physi-
cal environment, such as climate or vibration. The
results have by no means been consistent, as is reflected

in the fact that reviewers of this topic have drawn at’

least apparently conflicting conclusions. Thus Kryter
(4) concluded that there are no significant nonaudi-
tory adverse effects of noise on performance, where-
as the conclusion in another review covering the same
period (40) was that recent research ‘‘suggested that
a much wider range of mental functions than hitherto
supposed is influenced by noise [p 131].”

Another general point to be made before the results
are reviewed is that many of the studies in this area
have dealt with noise at levels which are, or should be,
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avoided for reasons of hearing protection. Since these
studies are of limited practical interest, they will only
be treated briefly.

Tasks in which noise may improve performance. It fol-
lows from arousal theory that noise should improve
performance in situations when the task in itself lowers
the arousal level. As shown by Poulton (41), several
studies have obtained such an effect of noise at moder-
ate levels, primarily with the use of variable noise and
long simple monotonous signal monitoring tasks.
However, the evidence is not as consistent as Poulton
indicates (42). Noise has also been found to improve
recall in some memory tasks (43), but this effect is
generally not viewed as an arousal effect.

Tasks insensitive to continuous meaningless noise. The
performance of several types of tasks appears to be
unaffected even by very high levels of continuous
noise. Examples of such tasks mentioned by Broad-
bent (44) are simple reaction-time tasks with an easily
discriminable and fore-warned stimulus, motor per-
formance, and sensory tasks such as visual acuity tasks.

Tasks sensitive to noise

Reaction-time and vigilance tasks. The five- or four-
choice serial reaction-time task is probably the task
used in most noise studies (40). Typically the task con-
sists of five lights above five response buttons, and a
new bulb lights up immediately after a response has
been made to the previous one. The typical effect of
noise on this type of task is an increased number of
fast erroneous responses. Furthermore, this effect of
noise, like most other effects on performance, is ac-
centuated with increased time in the task. The increased
error rate probably reflects impaired control processes
during noise exposure (45), more specifically a lowered
ability to withhold a highly prepared response to an
anticipated signal. In many of these studies very high
noise levels were used, but Smith & Miles (46) showed
that, when exposure time is prolonged, the effect is
obtained also at moderate noise levels.

The serial reaction task has also been used to study
the effects of noise on the allocation of attention (47).
Smith found that the difference between response times
to the signals with high and low probability was ac-
centuated by noise, ie, attention was concentrated on
the most probable stimuli at the expense of the less
probable ones. The same experiment also showed that
subjects were less flexible in noise, in the sense that
they adapted more slowly to a change of signal prob-
abilities. A similar effect in a cognitive task was report-
ed by Dornic & Fernaeus (48).

Earlier studies of tasks requiring the monitoring of
infrequent and weak signals, vigilance tasks, found
detrimental effects only at very high noise levels and
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only in tasks requiring the monitoring of several sig-
nal sources or the simultaneous performance of an-
other task. The effects observed by, eg, Hockey (49)
have usually been consistent with the view that noise
increased attentional selectivity.

Later studies have shown that vigilance performance
may be impaired by noise also at lower levels, provided
that the signal is of a more complicated nature, eg,
makes demands on memory by requiring the identifi-
cation of a certain series of signals (50).

Text comprehension and other verbal tasks. Recent re-
search has demonstrated that noise may affect per-
formance at levels previously considered harmless. One
reason for this phenomenon has been a shift of interest
from sensorimotor tasks to verbal tasks. Evidence from
different kinds of studies indicates that noise may lead
to a more superficial processing of the text and, thus,
to impaired comprehension. Hockey (51) reports that
noise even improved the memory of inconsequential
details in a text, but impaired the comprehension of
the content of the text. Similar effects were reported
by Jones & Broadbent (52).

A more indirect demonstration of the same effects
is found in the proof reading experiments by Wein-
stein (53, 54). Noise had no effect on the identifica-
tion of simple typographical errors, but lowered the
detection frequency of the more complicated errors,
which required comprehension of the text for their
identification.

Some conventional memory experiments using lists
of words also indicate that the interpretation of a text
may be more superficial in noise. Subjects tend to keep
semantically related words together when reporting
such a list. This tendency has been found to be weaker
when learning takes place in noise (55, 56}

Irrelevant speech and verbal short-term memory. The
impaired verbal short-term memory in the presence of
irrelevant speech demonstrated by Salamé & Baddeley
(57) and reviewed by Jones (18) has been found to be
an unusually consistent effect. The main conclusions
from this research are that the effect is independent
of speech level [at least between S5 to 95 dB(A)] and
that it appears also when speech is incomprehensible
to the subject. It is unlikely that distraction effects
could explain the impairment, which rather seems to
depend on direct interference with memory processes.

Incidental learning. Hockey & Hamilton {58) instructed
their subjects to remember words presented on dif-
ferent parts of a screen. This task was accomplished
at least as well in noise as in a control situation. How-
ever, when subjects were unexpectedly asked to remem-
ber the location of the words, more errors occurred
in the noise group. Other studies of such incidental
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learning have obtained the same result (59, 60). Thus
these results provide further evidence of noise leading
to an increased concentration of attentional resources
on the aspects of the tasks deemed most important.

Effects of noise characteristics

Noise level. Noise level is the only physical noise
characteristic which has been studied to any extent.
Broadbent (44) concluded that negative effects on per-
formance were only to be expected at very high levels
[somewhere between 90 and 95 dB(A)]. Since then
researchers have become increasingly aware of the
complexity of the matter, and no general conclusions
about the critical level now seem possible. It obvious-
ly depends on the nature of the task, the experimental
setting, and the choice of subjects and their experience.
Sometimes the critical level is very low, as shown by
the studies of irrelevant speech and by Kjellberg &
Wide (61), who found performance effects of con-
tinuous noise at 51 dB(A). The issue is further com-
plicated by problems of generalization from labora-
tory to real work conditions, in which the duration of
exposure and work is so much longer.

Frequency. Only Broadbent (62) has specifically treated
the effects of sound frequency on performance. He
found that serial reaction-time performance was more
sensitive to high- than to low-frequency noise.

Duration. Generally the effect of noise has been found
to increase as a function of time on a task. This find-
ing is not necessarily an effect of exposure time in itself
but is perhaps better described as an effect of work-
ing for a long time in noise, ie, an interaction effect.
However, in two studies, subjects were exposed to
noise for a longer or shorter period before the task (63,
64). These studies indicate that there may also be an
effect of exposure time in itself.

Variability, predictability, control. Intermittent noise
has generally been found to impair performance more
than continuous noise (65), especially if the time
schedule is unpredictable (66). The opposite effect may
be obtained if the subject is well acquainted with the
noise and the time schedule is reasonably predictable
(67). In the one study which treated the effect of sub-
jects having control over noise level (68), performance
was less disrupted when subjects had, or rather thought
they had, control.

Aftereffects of noise

In their influential book Urban Stress, Glass & Singer
(69) reported a series of studies which indicated that
performance may be impaired also after a period of
noise exposure. A review of more recent studies has
been given by Cohen (70). The tasks which seem to



be most sensitive to the aftereffects of noise do not
primarily measure the capacity to perform, but rather
the motivation to perform well, eg, endurance in un-
solvable tasks or tasks which are very dull or difficult.
In contrast to acute effects, aftereffects have been
found to be very predictable. It is also to be noted that
an acute effect during exposure is not a prerequisite
for aftereffects.

Aftereffects are the most evident after exposure to
uncontrolled or unpredictable noise, whereas they are
less dependent on noise level. In fact, the aftereffects
of noise should not be regarded as due to noise in
itself but rather as due to a general influence of un-
controllable and unpredictable stressors (70).

The bulk of evidence on aftereffects comes from
laboratory studies, and there seems to be no studies
of the aftereffects of occupational exposure to noise.
Several studies have, however, treated the aftereffects
of noise in the classroom, and they indicate that the
effects are not restricted to the laboratory (71).

Other behavioral effects of noise

Many studies indicate that people behave differently
towards each other in noisy environments than else-
where. One obvious reason for this occurrence is that
noise makes speech communication more difficult, but
this phenomenon does not explain all the social effects
of noise. Thus a series of field experiments has shown
that people tend to be less helpful in noise. (A review
of these and other studies of the social effects of noise
can be found in reference 72.) There are several pos-
sible reasons for such an effect, eg, that noise distracts
attention from the person in need of help, that people
want to get out of the noisy situation as fast as possi-
ble, or that the noise actually makes them irritated and
less willing to help.

Psychophysiological effects

The physiological responses to noise are of three types,
distinguished by their duration and their relation to
the noise exposure. First, changes in noise may elicit
short-lasting, phasic responses. Second, noise may give
rise to more persistent, tonic responses during and for
a short period after exposure. Finally, it is feasible that
noise may cause more stable changes and constitute
a long-term health hazard.

Immediate phasic response to noise changes

Any change in the environment and thus any change
in noise (raised or lowered level, changed quality) may
lead to an attentional response generally called the
““orienting reflex.”” This response involves a redirec-
tion of sense organs towards the noise source, but also
a series of physiological responses lasting one or a few
seconds and including, eg, a lowered heart rate, blood
pressure, and peripheral blood flow, along with in-

creased sweat gland activity. An important aspect of
this response is that it habituates, provided that the
noise is found to be of no importance for the indi-
vidual. Habituation thus could be viewed as a primi-
tive learning process implying learning not to respond
to irrelevant stimulation or learning not to be dis-
tracted. This habituation is faster for low-level noise
and for short intervals between the changes. There is
also evidence of consistent differences between in-
dividuals with respect to habituation rate (73). More
comprehensive reviews of the orienting reflex and other
physiological responses of brief duration have been
given by Graham (74) and Westman & Walters (75).

Noise at very high levels (at least above 90 dB) elicits
a somewhat different response pattern, the defensive
reflex, which does not habituate or, at least, habitu-
ates very slowly. If the noise has a very sudden onset,
ie, short rise time, it may evoke a startle reflex, which,
eg, includes blinking and muscular jerks. Some of the
components of the reflex habituate fast, while others
habituate slowly or not at all. Thus, eg, even an ex-
perienced shooter blinks when a shot is fired. Obvi-
ously, a startle response may cause a momentary dis-
ruption in the performance of manipulatory tasks (76).

These physiological responses of brief duration are
very weak and of no consequence in themselves.
Rather, their importance is as indicators of the dis-
tracting effects of noise.

Persistent, tonic responses

A second aspect of the psychophysiological responses
to noise concerns whether, eg, heart rate, blood pres-
sure, or catecholamine output is higher in a noisy en-
vironment than under more quiet circumstances.
Studies of this problem have been reviewed by, eg,
Borg (77) and Sandén & Axelsson (78).

In the typical experiment physiological responses
have been registered for resting persons exposed to
high-level noise. These studies have generally revealed
a peripheral vascular constriction and a raised diastolic
blood pressure level during noise, whereas the effects
on systolic blood pressure, pulse rate, and the output
of “‘stress hormones™” like cortisol or epinephrine have
been less consistent. [See the review by Borg (77).]

In another, more relevant but less common, type of
study physiological responses to noise have been ob-
served during mental work. To the extent that noise
makes the task more difficult, one would expect it to
elicit responses indicating stress. Such an effect was
found by Brandenberger et al (79) on cortisol plasma
levels but not on catecholamine levels. In other studies
effects on either epinephrine or norepinephrine were
found (80), but the results have by no means been con-
sistent. One possible reason for this inconsistency is
illustrated by a couple of studies by Frankenhaeuser
& Lundberg (81, 82). In one study (82) they let their
subjects do mental arithmetic during exposure to low-
or high-level noise. They found no effect of noise on
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performance, but an increased excretion of epinephrine
and an increased rated effort did occur. Obviously, the
performance level was upheld at the price of increased
physiological stress. In another study by the same
authors, which was designed to induce a lower per-
formance standard (83), the opposite result was ob-
tained, ie, performance was impaired whereas the
epinephrine level was unaffected by noise.

In physiological research little work has been con-
ducted on the importance of different noise charac-
teristics, with the exception of noise level. But control
has been shown to be an important variable also in
this context. Thus much stronger responses have been
found to uncontrolled noise than to noise over which
one has control (84).

Sleep. Sleep disturbance is an important effect of noise
in residential areas, whereas it of course is of less im-
portance in work settings. In this context it is of greater
interest that noise might have aftereffects on sleep, ie,
noise exposure during the day may disturb sleep dur-
ing the night (85).

Noise may also have the opposite effect, ie, it may
provoke sleep. This effect is especially likely for low-
frequency noise, as has been demonstrated by Land-
strom and his collaborators (86). However, similar
effects have also been obtained with other types of mo-
notonous, repetitive sounds (31).

Long-term health hazards

Cardiovascular responses constitute the most promi-
nent acute physiological responses to noise, and this
fact has given rise to the hypothesis that cardiovas-
cular diseases might be promoted by noise. A certain
support for this hypothesis is offered by long-term
animal studies showing that noise exposure, eg, may
lead to permanently raised blood pressure, ie, hyper-
tension (77).

An increased incidence of hypertension and other
cardiovascular problems has also been found in several
epidemiologic studies of groups occupationally exposed
to noise, although there are several contradicting
results. A review of these studies has been given by
Borg (77).

Long-term cardiovascular effects have also been
found in residential areas with, eg, aircraft noise (87)
and among schoolchildren from noisy areas (88).

Since noise may cause annoyance and stress, it is
reasonable to hypothesize that it also contributes to
the development of mental illness. Most of the studies
addressing this problem have been conducted in resi-
dential areas and have compared symptoms, use of
psychotropic drugs, or admissions to mental health
care units in high and low noise areas. [See the reviews
by Cohen & Weinstein (89) and Tarnopolsky & Clark
(90).] Although many studies have found a higher in-
cidence of such indicators of psychiatric ill health in
noisy areas, most evidence argues against noise being
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a major causal factor behind the observed differences.
A few studies have also been reported from occupa-
tional settings (91), and they have shown a higher inci-
dence of psychiatric symptoms among workers exposed
to extremely high-intensity noise. However, a lack of
adequate reference groups in this work makes it im-
possible to distinguish the effects of noise from those
of other possible contributory factors. The interpre-
tation of the results from the occupational studies is
also complicated by the fact that psychiatric symptoms
are much more common among people with a hearing
impairment than among the general population (92).

Concluding remarks

The number of workplaces in which people are exposed
to a high level of noise is decreasing in most countries,
although many people still receive damage to their
hearing at work. At the same time the noise level is
raised at many previously quiet workplaces as a result
of increased mechanization and automation. Thus ven-
tilation systems, computers, printers, and other
machines have led to an increased noise pollution in,
eg, offices. The problem in these cases is never the risk
of hearing damage, but noise annoyance and its pos-
sible behavioral and physiological consequences. The
importance of these effects has been recognized in
residential settings for some time, and it becomes more
and more urgent to pay serious attention to them at
workplaces.
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