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Objectives This study tested the hypothesis that classroom noise is related to stress reactions among primary
school children. Stress was monitored via symptoms of fatigue and headache, systolic blood pressure, reduced
diurnal cortisol variation, and indicators of emotional distress.

Methods In three classrooms of pupils in the fourth grade (10 years of age), daily measurements of equivalent
sound levels (Leq) were made during 4 weeks, evenly distributed from September to December. One day each
week of the study, the pupils answered a questionnaire about disturbance and symptoms, and blood pressure and
salivary cortisol were measured. In the first and fourth week, the children also performed a standardized drawing
test concerning emotional indicators.

Results Daily measurements of equivalent sound levels in the classes (Leq during schoolday) ranged from
59 to 87 dB(A). Equivalent sound-levels were significantly related to an increased prevalence of symptoms of
fatigue and headache and a reduced diurnal cortisol variability. Blood pressure and emotional indicators were
not significantly related to sound levels.

Conclusions Current sound levels in Swedish classrooms may have a negative health impact, being directly or
indirectly related to stress reactions among children. This finding indicates that noise should be focused on as a
risk factor in the school environment.
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school; stress.

Current occupational limits for noise are set for the
prevention of hearing impairment. There are, however,
several other unwanted effects of chronic noise exposure
below the occupational limits. An increased risk of car-
diovascular disease has been shown for environmental
noise exposure from of 65-70 dB (1, 2). Noise levels in
classrooms are dependent on both outdoor sources, such
as road traffic by the school, and indoor sources, such as
sound from building installations. However, noise levels
are strongly dependent upon the activities in which the
children are engaged (3). Most studies on the nonaudi-
tory effects on children of environmental noise involve
exposure to community noise (4). Children exposed to
traffic noise above 60 dB had increased blood pressure
and cortisol levels (1, 5, 6). In addition, self-reported
mental well-being has been rated lower by children
exposed to higher levels of community noise (7). In
the pedagogic field, noise, defined as unwanted sound,
has well-known negative effects on hearing ability in
schools (8). Noise also affects concentration (9, 10),

performance (11), reading, and memory (12-14). In a
Swedish study on secondary schoolchildren, one-third of
the participants reported that existing sound levels from
classroom noise, range 58-69 dB(A), obstructed their
work (15), and they were the most annoyed by chatter
in the classroom and scraping sounds from tables and
chairs. Emotional effects, such as aggressive (16) or op-
posing (10) behavior, have also been found to be related
to noise exposure.

In human figure drawings, Koppitz (17) found
28 signs that indicated emotional problems, so-called
emotional indicators (17). Effects of acute stress and
preparation for stress on emotional indicators in draw-
ings were found in drawings by 4-to-12-year-old chil-
dren that were hospitalized for elective surgery. The
emotional indicators increased only in the group that
was stressed and unprepared (18). The effects of natu-
rally occurring stress on emotional indicators have not
been studied earlier. One such naturally stressful situa-
tion may be the noise in a classroom.
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The measurement of salivary cortisol has been shown
to be a reliable and noninvasive method appropriate
for field studies and studies among children (19, 20).
The adrenal cortical hormone cortisol normally has
diurnal variability, with a morning peak and midday dip
(21-25). In infants the pattern is different, but, among
10-year-olds, the adult pattern is present (21, 25). In
the 1950s it was shown that this diurnal variability was
reduced in psychiatric patients with severe emotional
distress (26), and a similar pattern has been shown due
to stress and anxiety (24). There may also be a seasonal
change in cortisol levels (21, 27).

The aim of our study was to determine whether
stress-related symptoms and signs are related to sound
levels in the classroom. The sound level was assumed
to be both a direct stressor and also an indirect measure
of other stressors such as crowdedness and turbulence.
Apart from higher blood pressure, increased headache,
and fatigue and more emotional indicators, it was as-
sumed that a stressful school environment would show
a reduced difference between the morning peak cortisol
level and the midday dip, or even a reversed pattern with
a higher midday value than a morning value.

The study was performed after written consent was
obtained from the pupils and their parents and after ap-
proval by the regional ethics committee at the University
of Uppsala, Sweden.

Study population and methods

Study design

All of the pupils (N=78) in the fourth grade (10 years
of age) in two primary schools (3 classes) were asked
to participate. Altogether 57 (73%) participated after
written consent was obtained from both the pupils and
the parents. The two schools had adjacent catchment
areas in central Uppsala with similar socioeconomic
conditions. A standardized scheme of measurements
was applied during the 4 weeks of the investigation,
with the 4 weeks evenly distributed from September to
December. Sound-level measurements were performed
each day during these four weeks. Questionnaires and
physiological measurements were made once a week
on the same day, in the same order, and at the same
time. The drawing was performed during the first and
last week of the investigation at the same time and on
the same day as the physiological measurements. Due
to sick leave, 4, 3, 1, and 3 pupils were absent during
weeks 1, 2, 3, and 4, respectively.

Noise measurements

Noise in the classrooms was monitored with paral-
lel measurements in the three classes. Integrating
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sound-level meters were employed. They were type-1
sound-level meters capable of giving a continuous read-
out of the noise-level readings, including the equivalent
continuous sound-pressure level (Leq). In two of the
classrooms, sound-level meters, type 2260 (Briiel &
Kjer Ltd, Nerum, Denmark), were used, and, in the
third, a real-time analyzer, Nor SA110 (Norsonic AS,
Trier, Norway), was used. All of the meters were cali-
brated before each measurement period. The sound-level
meters were placed in the middle of the classrooms at
about a height of 1 meter. The measurements started in
the morning before class and stopped at the end of the
school day, recording the equivalent sound level for each
second. Including only the time that the class actually
spent in the classroom (thus excluding breaks, etc), the
equivalent sound level for each school day was calcu-
lated. The time spent in the classroom varied between 3
and 5 hours per day, but was mostly around 4 hours.

Assessment of disturbance and symptoms

Self-reported disturbance and symptoms due to noise in
the classroom were assessed using a questionnaire with
five questions rated from 1 to 5. [See the appendix.] The
pupils were given oral instructions to report their status
that day, and every rated answer had a face represent-
ing the rated feeling also attached. The stressors were
classified as hearing difficulties (Q1), disturbance (Q 2),
fatigue (Q 3), headache (Q 4), and reading difficulties
(Q 5). These five questions were administered once at
the same time (last lesson before the lunch break) and
on the same weekday every week of the study.

Physiological parameters

Blood pressure was measured on the right arm manu-
ally with a stethoscope and a sphygmomanometer with
the pupil sitting during the last lesson before the lunch
break. Heart rate was assessed from the arterial radial
pulse. Salivary cortisol was sampled by a standardized
procedure with a cotton wad (Department of Clinical
Chemistry, University Hospital, Uppsala) during the
first lesson in the morning and the last lesson before
lunch, and the difference between the two measurements
was calculated to assess the diurnal variability from the
morning peak to the lunch dip.

Assessment of emotional indicators

The children were asked to draw a human figure draw-
ing according to Koppitz’s original instruction “Draw
one whole person. You can draw any kind of person
you want to draw, but not a stick figure”. The pupils
were provided with a blank sheet of paper, size 8.5 by
11 inches (21.6 by 27.9 cm), and a number 2 pencil with
an eraser. Drawings were made at the same time and on
the same weekday during the first and the fourth week
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of the investigation. The drawings were rated on a “yes”
and “no” basis, using the 28 emotional indicators (18).
The rating was performed by two licensed psycholo-
gists both trained in the use of projective drawings. In
the rating of the drawings, one of the raters was blind
to the purpose of our study, and both raters were blind
to the participant’s scores on other measures. The emo-
tional indicators were grouped into the following five
categories (i) impulsivity, (ii) insecurity, (iii) anxiety,
(iv) shyness, and (v) aggressiveness (18).

Statistical analysis

Spearman’s rank correlation coefficients were calculat-
ed for the bivariate relationship between noise exposure
and the ordinal outcome of the ratings in the question-
naire and of the drawings. The median values of each
participant for weeks 1 to 4 were applied to control in-
traindividual variability. Kendall’s rank correlation was
used for the interrater reliability test of drawings. For the
blood pressure and cortisol a linear mixed model with ran-
dom intercept was used for the 4-week longitudinal analysis
of the relation to noise (28). SAS statistical package, ver-
sion 9.1.3 (SAS Institute, Cary, NC, USA) was used.

Results

Sound levels

In two classes there was a 1-day holiday during one of the
measurement periods, and on 2 days the measurements
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Figure 1. Frequency diagram of equivalent sound levels (Leq during
the schoolday) ranging from 59 to 87 dB(A) during the 56 days of
measurement.

failed in one class due to technical problems. Thus there
were 56 measurements of schoolday sound levels. The
equivalent sound levels for the 56 days ranged from 59
to 87 dB(A) (figure 1). On most of the school days the
equivalent sound level was between 60 and 70 dB(A).
However, on 15 days, the equivalent sound level ex-
ceeded 70 dB(A), and, on 2 days, it was higher than 80
dB(A). In one of the classrooms, the background level
of the empty classroom was 33 dB(A), and, in the other
two, it was 37 dB(A).

Questionnaire

All five questions were significantly related to the mea-
sured sound levels. The question about the ability to hear
the teacher due to noise in the classroom had a correla-
tion coefficient of 0.65 with respect to measurements of
daily and weekly equivalent sound levels (table 1). The
other four questions (about symptoms and performance)
had correlation coefficients from 0.3 to 0.4 with respect
to sound levels. The median rating of the questions for
the 4 weeks altogether was 2 (seldom versus a little bit
difficult) on a scale from 1 to 5. [See the appendix.]
The boys reported more difficulty hearing the teacher
with a median rating of 3 (sometimes) than the girls
with a median rating of 2 (seldom). The girls reported
more symptoms of headache, with a median rating of 2
(seldom) than the boys with a median rating of 1 (never).
Median ratings were unchanged over the 4 weeks.

Physiological measurements

The mean systolic blood pressure for all 4 weeks was 96
(boys 98, girls 94, SD 8 ) mm Hg and was numerically,
but not significantly, higher as the sound level increased.
Diastolic pressure was not related to the sound level
(mean 62 mm Hg, SD 7 mm Hg). The mean morning
salivary cortisol level for all 4 weeks was 5.6 (SD 5.0,
range 1.5-42 ) nanograms and the midday level was 3.9
(SD 3.3, range 0.9-30) nanograms. A linear correlation
for all of the cortisol measurements, with four repeated
measurements for each pupil, showed a significant cor-
relation with decreased variability with higher sound
levels (figure 2). Control for intraindividual variability
longitudinally in a mixed linear model, both with and

Table 1. Correlation coefficients between five questions? and the equivalent daily sound levels.

Question 1 Question 2

Question 3 Question 4 Question 5

Spearman’s P-value Spearman’s P-value

Spearman’s P-value

Spearman’s P-value Spearman’s P-value

correlation correlation correlation correlation correlation
coefficient coefficient coefficient coefficient coefficient
Leq® (dBA) 0.65 <0.01 0.31 0.02 0.41 <0.01 0.29 0.03 0.27 0.04

@ Questions 1-5; see the appendix.
b Equivalent sound level during the day the questionnaire was administered.
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Scatterplot of sound level to cortisol difference (morning level minus midday level)
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Figure 2. Scatterplot of the relation between
the equivalent sound level during the day and
the change in cortisol level from morning to
noon. The diurnal variation in the cortisol
levels normally shows a morning peak and a
midday dip. A stress response due to noise
during the schoolday was assumed to reduce
this difference orevento give areverse pattern
withahigher midday levelthanamorning level.
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without outliers, strengthened this association (table 2).
The mean pulse rate was 78 (SD 9) beats per minute.
Pulse rate was negatively correlated with noise level
(r—0.20 with a linear correlation and also significant
in a mixed linear model). There was no significant cor-
relation between blood pressure and the cortisol levels
and no significant gender difference for noise effect on
the cortisol levels. The trend over time showed a greater
midday dip when compared with the morning value at
the end of the term.

Emotional indicators

The emotional indicators were not significantly related
to the sound levels, the correlation coefficients rang-
ing from 0.01 to 0.2. The mean interrater reliability,
calculated as a correlation of the 28 emotional indicator
signs, for the two raters’ scores was 0.92 (P<0.001, by
Kendall’s rank correlation). There was a trend over time
from the first week of study to the fourth week of study
according to which emotional indicators of impulsive-
ness, insecurity, anxiety, and aggressiveness increased,
whereas indicators of shyness decreased. At the begin-
ning of the term, there was no gender difference, but,
at the end of the term, the boys had significantly higher
mean ratings for impulsiveness (boys 0.8 and girls 0.1),
insecurity (boys 0.6 and girls 0.2), and shyness (boys
0.6 and girls 0.1).

Discussion

In our study, higher sound levels were associated with
more symptoms of fatigue and headache together with

82

A linear estimate shows that midday cortisol
was higher than the morning level for sound
levels exceeding 85 dBA.
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Table 2. Parameter estimates (Est) of the general linear mixed
model , the standard errors (SE), and the P-values showing the
relation between the change in the salivary cortisol concentration
from morning to midday and the noise level over time.

Parameter Random intercept Random intercept
model with outliers model without outliers
Est SE  P-value Est SE  P-value
Intercept 6.82 3.06 0.03 747 079 0.05
Leq2(dBA) -0.10 0.04 0.02 -0.11 005 0.04
Weeks 059 0.21 <0.01 065 020 <0.01

@ Equivalent sound
administered.

level during the day the questionnaire was

reduced cortisol variability. These results are compatible
with a stress response.

Altogether 2 of 56 daily equivalent sound-level
measurements exceeded the present European occupa-
tional action limit of 80 dB(A) (29), the highest being
87 dB(A). There is always a possibility of measurement
errors. However, we did not find any technical expla-
nation or any other unusual circumstances during the
days with the highest sound levels. Actually, we visited
the classroom each day of measurement and also made
enquiries among the teachers about the activities during
the day. We regard the highest levels as reflecting the
upper tail of a positively skewed distribution of daily
measurements of sound levels (figure 1). The measure-
ment periods were shorter than the 8 hours for which
the standards are applicable, but there are indications
that sound levels during other activities in school may
be even higher. There are reports also from other Euro-
pean countries (ie, Poland) showing daily noise levels
at school exceeding 80 dB(A) and even higher values
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in the corridors during breaks [95-98 dB(A)] (30). An
English study found that the average equivalent sound
level in occupied classrooms was 72 dB(A) (3). Both
the World Health Organization (WHO) and the United
States Environmental Protection Agency report that a
daily equivalent sound level should not exceed 70 dB(A)
to be safe for the ear (31). Levels higher than 70 dB(A)
were measured on 15 of 56 days (26%) in our study.
Reports from The Swedish Work Environment Authority
corroborates these results, showing noise levels between
66 and 77 dB(A) in classrooms (32), and the authority
has ordered improvements based on classroom noise
levels exceeding 70 dB(A).

Physiological or psychological effects other than
hearing impairment can be expected at sound levels
lower than the current occupational standards (1, 2).
Apprehension and ability to hear in the classroom are
affected at background noise levels exceeding 50 dB(A),
according to the recommendations of the Swedish Work
Environment Authority (29). In a Swedish study on
secondary school pupils, one-third of the participants
reported their work was obstructed when measured noise
levels were between 58 and 69 dB(A) (15). A WHO
report claims that background noise should not exceed
35 dB(A) in order to ensure speech communication
(with an ordinary voice level of 50 dB at a distance of
1 meter) (2, 33). Nonauditory cardiovascular effects of
environmental noise have been detected at levels from
65 to 70 dB(A) (2, 4, 34). There are reports indicating an
increased risk of vocal cord dysfunction among teach-
ers (35-37). A Danish survey among 5395 employees
of different occupations showed that teachers had a
(nonsignificant) numerically lower prevalence of hear-
ing impairment but a numerically higher prevalence of
tinnitus and increased sensitivity to sound (38).

Considering the possible day-to-day variation of
sound levels, we measured the equivalent sound level
during more schooldays (56 days, figure 1) than pre-
sented in the analyses of relationships between noise
and stress effects (12 days, figure 2). In fact, we made
the same statistical analyses also using the equivalent
sound level during the week, and there were only minor
differences in the results.

All of the questions on noise disturbance were sig-
nificantly related to the measured noise levels, but the
correlation coefficients were low. It has been shown
earlier that the degree of disturbance is not only related
to noise level, but also to different physical properties of
sound, as well as to the source and information content
of sound (39). However, the question about having dif-
ficulty to hear the teacher had a higher correlation. We
conclude that this question is suitable for estimating
noise levels that are too high in schools. One possible
source of bias in the questions was that all of them were
related to the current noise level in the classroom, the
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participants therefore being left to analyze the causes
of the disturbance and the symptoms. There is a range
of factors other than noise that cause, for instance,
disturbance and headache, but, by focusing only on the
contribution due to noise, other effect-modifying factors
were diminished.

We measured cortisol as a marker of mental stress,
but there are several other external factors that influence
cortisol secretion. In adults, cortisol levels are influenced
by smoking, alcohol, obesity, malnutrition, sleep, and
physical exercise (40). Among 10-to-12-year-old chil-
dren, gender influences salivary cortisol levels, but not
prenatal factors, body mass index, or pubertal develop-
ment (21). There is a great interindividual variability in
cortisol levels (21, 25). Therefore, the diurnal variability
could have been a more sensitive parameter when acute
stress responses during the day were measured, and a
reduced variability has been found to be related to per-
ceived mental stress (24). Acute stress exposure stimu-
lates the hypothalamic—pituitary—adrenal axis through
the release of stress hormones, one of which is cortisol.
Similarly a stressful school environment would increase
the internal cortisol secretion and result in a reduced
midday dip. We showed a significantly reduced mid-
day dip with increasing sound levels in the classroom.
According to our hypothesis, the midday value should
reflect the acute stress response during the schoolday,
which was assessed via the equivalent sound level that
day. The morning peak was assumed to be independent
of school activities, and previous studies have shown
an intraindividually stable morning peak (41, 42). The
cortisol awakening response and the diurnal values dur-
ing the schoolday would therefore represent different
sensitivity to acute stress during the day, during which
the morning response is under genetic influences and the
day values are under environmental influences (43, 44).

Symptoms of headache and fatigue were positively
correlated with the sound levels. These symptoms are
common in school health and are considered major
psychosomatic symptoms in association with stress (45,
46), and also noise (47). These symptoms are also con-
sidered more prevalent among girls (48). A similar pat-
tern was found in our study, in which the girls reported
more symptoms of headache, whereas the boys reported
more difficulty hearing the teacher. Another study found
that girls, but not boys, were stressed by rowdiness in
the classroom (49). Whereas subjective questionnaire
ratings of disturbance and symptoms were unchanged
during the study period, a trend was found over time for
an increase in the emotional indicators impulsiveness,
insecurity, anxiety, and aggressiveness. Only indicators
of shyness decreased.

A recent report on Swedish schoolchildren has shown
a large increase in stress-related symptoms during the
last 20 years (50). Noise in the classroom may function



as a direct stressor affecting apprehension, performance,
and physiological stress responses. However, noise may
also be a proxy for a turbulent environment in which
factors other than noise may cause stress reactions (ie,
crowded, violent, or hostile emotional climates). For
the most part, these troubled conditions are associated
with higher sound levels and noise; therefore it can be
difficult to distinguish what might be the primary source
for unwanted health effects. Furthermore, the type of
sound can be relevant. When a person listens to music
there is a lower cortisol response from other stressors
(51). In our study, we registered the participants’ heart
rate, which directly reflects the level of physical activ-
ity. Since heart rate was negatively correlated with the
noise level, the results indicate lower noise and possibly
less stress if the pupils have lessons permitting some
physical activity. However, our study was not aimed at
studying factors other than noise as possible causes of
stress reactions.

In conclusion, by considering noise in the classroom
as either a direct stressor or a proxy variable for other
troublesome conditions, we found positive correlations
between equivalent sound levels and symptoms of fa-
tigue, headache, and reduced diurnal cortisol variability.
Since occupationally acceptable noise levels were also
exceeded, both legal and medical arguments call for a
reduction of noise levels in current Swedish classrooms.
Smaller classes and sound-absorbing constructions and
fittings could be examples of immediate actions. Addi-
tional studies are needed to decide whether noise itself
or other factors associated with noise are responsible for
the stress reactions observed.
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Questionnaire with five questions administered to the pupils

Question 1. Is it difficult to hear what the teacher says because of noise in the classroom??
Question 2. Do you become disturbed in your work because of noise in the classroom??
Question 3. Do you feel tired because of noise in the classroom??

Question 4. Do you get a headache because of noise in the classroom??

Question 5. Is it difficult to read when the classroom is noisy?®

266

(1) never, (2) seldom, (3) sometimes, (4) often, and (5) always.
(1) not difficult, (2) a little bit difficult, (3) rather difficult, (4) difficult, and (5) very difficult.
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