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While at school children are exposed to various types of noise including external, environmental
noise and noise generated within the classroom. Previous research has shown that noise has
detrimental effects upon children’s performance at school, including reduced memory, motivation,
and reading ability. In England and Wales, children’s academic performance is assessed using
standardized tests of literacy, mathematics, and science. A study has been conducted to examine the
impact, if any, of chronic exposure to external and internal noise on the test results of children aged
7 and 11 in London �UK� primary schools. External noise was found to have a significant negative
impact upon performance, the effect being greater for the older children. The analysis suggested that
children are particularly affected by the noise of individual external events. Test scores were also
affected by internal classroom noise, background levels being significantly related to test results.
Negative relationships between performance and noise levels were maintained when the data were
corrected for socio-economic factors relating to social deprivation, language, and special
educational needs. Linear regression analysis has been used to estimate the maximum levels of
external and internal noise which allow the schools surveyed to achieve required standards of
literacy and numeracy. © 2008 Acoustical Society of America. �DOI: 10.1121/1.2812596�

PACS number�s�: 43.50.Qp �NX� Pages: 133–144

I. INTRODUCTION

Children are exposed to many different types of noise
while at school. Previous studies have shown that schools
may be exposed to high levels of environmental noise, par-
ticularly in urban areas.1,2 Sources include road traffic, trains,
aircraft, and construction noise. Inside schools a wide range
of noise levels have been measured,3–7 the levels varying
significantly between different types of space and different
classroom activities.1 For much of the day in a primary
school classroom, young children are exposed to the noise of
other children producing “classroom babble” at levels typi-
cally of around 65 dB�A� LAeq,

1 while the typical overall
exposure level of a child at primary school has been esti-
mated at around 72 dB�A� LAeq.

1

The effects of noise on children and their teachers have
been investigated in many studies in the past 40 years. It is
generally accepted that noise has a detrimental effect upon
the cognitive development of primary school children, and
that older children in this age group are more affected than
the younger children.8,9 Two major reviews of previous work
in this area, published in the early 1990s, concluded that
chronic noise exposure of young children has an adverse
effect, particularly upon their reading ability.10,11

Most of the previous work has concerned the effects of
environmental noise, notably aircraft noise, upon children.
Exposure to high levels of aircraft noise has been found to
affect memory and reading ability, and to reduce motivation
in school children.11–15 These effects appear to be long term;
noise reduction inside a school has been found to have little
immediate effect upon children’s performance16 while an-
other study found that when an airport was closed it took
several years for the detrimental effects of noise exposure to
cease.13 These results suggest that noise reduces the learning
trajectories of the pupils involved so that extended periods of
teaching and learning are required for children to reach typi-
cal levels of performance.

In addition to aircraft noise other types of environmental
noise, including that from railways17,18 and road traffic,19

have been found to affect reading. Road traffic noise outside
schools, at levels of around 70 dB�A�, has also been found to
reduce children’s attention.20,21

While there is a large body of work concerning the ef-
fects of external environmental noise upon children at
school, there have been far fewer investigations into the ef-
fects of typical classroom noise upon children’s perfor-
mance. However in recent years evidence has been found to
suggest that noise inside the classroom affects letter, number,
and word recognition.10,22–25

It is thus now generally accepted that all types of noise
exposure at school affect children’s learning and academic
performance. The majority of the previous studies have com-
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pared the performance of children exposed long term to sig-
nificant levels of environmental noise with that of children
with low noise exposure, or have examined the effects of
noise reduction on children’s performance. There have been
few studies which have demonstrated a dose/response rela-
tionship between noise and effects on children’s perfor-
mance, thereby making it difficult to determine threshold
levels at which adverse effects occur, which in turn makes it
difficult to establish specific guideline values to prevent such
effects.26

In recent years several countries have introduced stan-
dards and guidelines relating to the acoustic design of
schools and classrooms. For example, in the United States
ANSI standard S12.60,27 published in 2002, sets out guide-
line values for noise levels, reverberation times, and sound
insulation in schools. Since 2003 new school buildings in
England and Wales must comply with the Building Regula-
tions. The acoustic requirements are specified in Building
Bulletin 93 �BB93�,28 published in 2003. The requirements
of S12.60 and BB93 are similar, for example the maximum
noise level specified by both for empty classrooms is
35 dB�A� LAeq. However, in general the noise specifications
for classrooms are based upon speech intelligibility require-
ments, rather than the levels of noise which have direct det-
rimental effects upon children’s performance in the class-
room.

In the study described here noise levels measured out-
side 142 primary schools in central London �UK�, and inside
a range of spaces inside 16 schools have been compared with
assessment scores of the schools in national standardized
tests. The approach taken enables the effects on children at
school of different levels and types of noise to be investi-
gated. It is also possible to compare the impact of various
types of noise upon different aged children across a variety
of academic tasks. In addition, this approach allows the most
important property of the noise �for example, its background,
maximum, or ambient level� in relation to academic perfor-
mance to be determined, an issue that has not been consid-
ered in previous studies.

A simultaneous study by the authors29 used experimental
testing to investigate the effects of environmental and class-
room noise on children’s performance on a range of tasks in
the classroom. It will be seen that the results of the two
investigations are complementary and advance the under-
standing of the different ways in which children’s academic
performance and development are affected by noise.

II. MATERIALS AND METHODS

A. Procedure

The study investigated the effects of chronic noise ex-
posure upon children’s academic attainments by comparing
measured noise levels with recognized standardized mea-
sures of children’s attainments in primary school. The rela-
tionships between attainment scores for individual schools
and both external �environmental� and internal noise were
examined. The effects of acute exposure to environmental
and classroom noise were also investigated in the above-
mentioned complementary experimental study.29

B. Measures of children’s attainments: Standardized
assessment tests „SATs…

In the 1990s a standard national curriculum was intro-
duced for all schools in England and Wales. To complement
this curriculum, standardized assessment tests �SATs� in vari-
ous subjects including English, Mathematics, and Science
were introduced across the age range at both primary and
secondary school level. The majority of children at state
schools take these tests at the ages of 7 �“Key Stage 1”�, 11
�“Key Stage 2”� and 14 �“Key Stage 3”� years. Average re-
sults for all schools in all subjects are published by the De-
partment for Education and Skills. The published school data
consist of the percentages of children in each school who
reach a recognized criterion level in each subject at each
stage. Average school scores for each stage are also pub-
lished. Each year the UK government sets targets for literacy
and numeracy in primary schools by specifying Key Stage 2
SAT scores which schools must aim to achieve. At the time
of the survey the target scores for schools were 75% for Key
Stage 2 Mathematics and 80% for Key Stage 2 English.

The study described here concerned children of primary
school age. The relevant test data for comparison with noise
were therefore Key Stage 1 and Key Stage 2 SAT results. At
Key Stage 1 �KS1� the assessment includes both teacher as-
sessments and national standardized tests, which are com-
bined to give a single score for each subject for each child.
At Key Stage 2 �KS2� children sit for standard nationwide
examinations. Between two and four examinations are taken
in each subject, the examination results being averaged to
give a single mark for each subject.

The subjects assessed at the two stages at the time of this
study were as follows: Key Stage 1 �Year 2 of primary
school, 7 years of age on average�: Reading; Writing; Spell-
ing; and Mathematics. Key Stage 2 �Year 6 of primary
school, 11 years of age on average�: English; Mathematics;
and Science.

The schools’ attainment scores in each subject, plus av-
erage scores, at Key Stage 1 and Key Stage 2, were com-
pared with noise levels measured inside and outside the
schools.

C. Selection of study areas and schools

The areas chosen for the study were based upon the
local government boroughs of London, of which there are
33. It was important for the study that the boroughs chosen
should be representative of London as a whole in terms of
noise exposure, academic achievements, and demographic
characteristics in order to reduce the number of potentially
confounding variables.

It was decided that boroughs in which aircraft were the
dominant environmental noise source should be excluded
from the survey, as there was already a considerable body of
research on the effects of aircraft noise on children. There
was also a concurrent study of the effects of aircraft noise on
children in schools to the west of London, around Heathrow
airport.14 Furthermore, there were fewer detailed studies of
the impact of general environmental noise than of aircraft
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noise. Therefore, in selecting boroughs for the purpose of
this study those affected particularly by aircraft noise were
excluded.

Remaining boroughs were examined to ensure that their
primary school academic attainments and demographic char-
acteristics �see Sec. II D� were typical of London as a whole.
The distributions of SAT results in boroughs were studied in
order to select boroughs for which �a� test scores displayed
an acceptable range, as indicated by the standard deviations
of the SAT results in all subjects and �b� the mean scores for
reading, writing, and mathematics were not above the mean
score of all London boroughs. Of the boroughs selected in
this way agreement was obtained from the Directors of Edu-
cation of three boroughs to participate in the project. Bor-
ough A is a suburban London borough, all schools being
within approximately 6 miles of central London. Boroughs B
and C, on the other hand, are more centrally located, with all
schools within a distance of approximately 3 miles from cen-
tral London. Demographic differences between the boroughs
are discussed in Sec. II D.

Means and standard deviations of the subject scores for
the three boroughs are shown in Table I. Analysis of variance
showed that there was no significant difference between the
subject scores for the three boroughs.

It can be seen from Table I that there was in general
close agreement between mean subject scores in the three

boroughs, while borough C displayed slightly higher stan-
dard deviations in most subjects indicating a wider spread of
scores in this borough.

D. Demographic characteristics

The socio-economic characteristics of schools in the
boroughs were also examined. The data considered were the
percentages of children in each school receiving free school
meals �FSM�; the percentages of children for whom English
is an additional language �EAL�; and the percentages of chil-
dren with special educational needs �SEN�. The percentage
of children receiving free school meals is commonly ac-
cepted as a reliable indicator of social disadvantage in an
area.30,31

The means and standard deviations of these data for the
three chosen boroughs are also given in Table I. Analysis of
variance showed that there were some differences between
the boroughs, particularly in the distributions of children
with special educational needs. There were considerably
fewer children with special needs in �suburban� borough A
while the percentages for the central boroughs were similar
and around 2.5 times the percentage in borough A.

A major difference between the boroughs is in the den-
sity of population. At the time of the surveys the populations
per square kilometer of the three boroughs were approxi-

TABLE I. SAT results, demographic factors, and external noise levels for the three boroughs.

Stage Subject

Borough A Borough B Borough C

Mean s.d. Mean s.d. Mean s.d.

Key Stage 1
test results

Reading 76.1 14.1 74.7 13.2 78.4 16.9
Writing 76.8 14.9 74.8 13.9 78.2 16.9
Spelling 63.8 17.1 59.3 17.2 64.7 18.4
Maths 86.4 8.9 83.5 12.0 86.4 13.2

Key Stage 2
test results

English 68.5 18.5 69.8 15.7 69.5 16.6
Maths 66.1 16.2 67.0 15.7 68.2 19.1
Science 77.9 15.9 81.0 12.6 78.9 17.3

Demographic
factors

% FSM 38.8 19.3 41.5 14.2 33.6 10.7
% EAL 43.9 19.2 35.3 16.8 39.6 17.7
% SEN 10.3 2.9 28.3 10.0 26.2 7.8

External noise
levels

LAeq,5 min 57.4 8.8 56.2 9.4 58.9 7.4
LA10,5 min 59.4 9.0 58.4 9.9 61.2 7.7
LA90,5 min 49.2 7.7 46.5 9.3 50.2 8.2
LA99,5 min 47.0 7.4 44.3 9.2 47.8 8.2
LAmax,5 min 70.5 10.5 68.3 17.0 72.0 9.0
LAmin,5 min 46.0 7.5 41.3 12.4 47.0 8.3

TABLE II. Internal noise levels.

School location
Class

�age group�

Occ
teach
space

Unocc
teach
space

Corr/
foyer
/stair

Occ
hall

Unocc
hall

Nurs
�3–4�

Rec
�4–5�

Yr 1
�5–6�

Yr 2
�6–7�

Yr 3
�7–8�

Yr 4
�8–9�

Yr 5
�9–10�

Yr 6
�10–11�

LAeq 72.1 47.0 58.1 73.4 53.2 71.9 73.9 74.3 66.3 68.9 69.6 73.2 71.2
LA90 54.1 36.9 44.6 55.1 44.3 57.3 62.3 61.0 51.3 52.5 49.8 53.8 52.9
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mately as follows: borough A 7600; borough B 12 200, and
borough C 10 100. Boroughs B and C therefore represent the
more densely populated inner city areas, while borough A is
more typical of suburban boroughs.

E. Noise surveys

Noise levels were measured outside all the state-funded
primary schools in boroughs A �N=53� and B �N=50� and
outside a majority of the 61 schools in borough C �N=39�.
Of these, eight schools in boroughs A and B were also se-
lected for internal surveys. The eight schools were chosen to
reflect the full range of external noise levels measured, the
external LAeq levels of the 16 schools ranging from
49 to 75 dB�A�. The measurement methods, noise levels,
and noise sources present have been described elsewhere.1

The external and internal levels that have been used in ex-
amining the impact of noise upon test results are summarized
in the following.

1. External levels

Table I also shows the means and standard deviations of
various environmental noise parameters measured in the
three boroughs. These levels were measured at, or have been
normalized to, a distance of 4 m from the school façade dur-
ing the school day.1

It can be seen that the levels were reasonably consistent
across the three boroughs, with borough C having slightly
higher levels than the other two boroughs. This was to be
expected as this borough is the one nearest central London.
The mean levels in borough B were slightly lower than
might be expected given that this is also an inner city bor-
ough. However many of the schools in this area are situated
in the middle of housing estates or on side streets, and are
thus sheltered to some extent from the noise of road traffic,
the main noise source in the areas surveyed.1 This is illus-
trated by the larger standard deviations of noise levels in
borough B.

2. Internal levels

In the internal school noise survey levels were measured
in classrooms and other areas around a school. Most spaces
were measured in both occupied and unoccupied conditions.
The averaged ambient �LAeq� and background �LA90� levels
for the types of spaces considered in each school are shown
in Table II.

Internal levels were also categorized according to the
age of the class; the average LAeq and LA90 levels for differ-
ent age groups in each school are also shown in Table II. For
the purposes of analyzing the effects, if any, of noise on SAT
results noise levels for Year 2 and Year 6 are the only ones
considered in the subsequent discussion.

F. Analyses

In order to study the impact, if any, of noise on chil-
dren’s attainment the noise levels measured inside and out-
side the schools were correlated with the SAT scores for the
academic year in which the noise survey was carried out.

For external noise it was found that results for LA90,
LA99, and LAmin were very similar, as would be expected and
was confirmed by factor analysis. Therefore in the following
sections, relationships between SAT results and LAeq, LAmax,
LA90, and LA10 only are considered. These are the most com-
monly cited measures of environmental noise and are gener-
ally considered to capture the key features of the noise envi-
ronment.

Similarly, factor and correlation analysis showed a close
relationship among results for KS1 literacy-related tests
Reading, Writing, and Spelling, as would be expected.
Therefore, in the subsequent analysis and discussion, of
these tests, results are presented for KS1 Reading only as
being a reliable indicator of the younger children’s attain-
ments in literacy.

Correlation and regression analysis were carried out for
the noise and test data. The noise levels were correlated with
subject and average school SAT scores. Obviously any rela-
tionships found between noise and SAT scores in this way
could be due to social or other factors rather than represent-
ing a direct effect of noise on academic performance. In
order to eliminate the effects of socio-economic factors, par-
tial correlations were carried out, in which the schools’ data
on children with FSM, EAL, and SEN were controlled for.

Current guidance on choosing a site for new school
buildings in England and Wales recommends an upper limit
of 60 dB LAeq,30 min at the boundary of school premises.28

For this reason, in addition to considering all schools mea-

TABLE III. Borough A: Correlation coefficients between test scores and
external noise levels.

LAeq LAmax LA90 LA10

KS1 Reading −0.34b −0.31b −0.37a −0.33b

KS1 Maths −0.34b −0.27 −0.43a −0.34b

KS2 English −0.37a −0.39b −0.40a −0.33b

KS2 Maths −0.40a −0.46b −0.40a −0.36a

KS2 Science −0.40a −0.45b −0.42a −0.37a

KS1 average −0.36b −0.32b −0.40a −0.36b

KS2 average −0.41a −0.45a −0.43a −0.37a

aSignificant at 1% level.
bSignificant at 5% level.

FIG. 1. �Color online� Scatter diagram illustrating relationship between ex-
ternal LAmax and Key Stage 2 Mathematics scores in borough A.

136 J. Acoust. Soc. Am., Vol. 123, No. 1, January 2008 B. M. Shield and J. E. Dockrell: Effects of noise on children

Exhibit A38-5

Page  000005

100 
• • 90 • •• • ••• • e 80 

8 • u, • u, 70 • • £j 

~ •• 60 

"' • 
U) 

50 
y=-0.71x+116 

~ • 
40 • • • • • • 
30 

40 50 60 70 80 90 100 

Noise level, LAmax (dB) 



sured in each borough, those schools where the measured
external LAeq levels are greater than or equal to 60 dB�A�
have been considered separately.

III. RESULTS: RELATIONSHIPS BETWEEN EXTERNAL
NOISE AND TEST RESULTS

The values of the noise parameters LAeq, LAmax, LA90,
and LA10 measured outside each school were compared with
average and subject SAT scores for the younger �aged
7 years� and older �aged 11 years� children.

The Pearson correlation coefficients between average
and subject scores and external noise levels were calculated
for all schools in boroughs A, B, and C. Table III shows the
coefficients for borough A. It can be seen that there were
negative relationships between external noise and SATs for
all scores, that is, the greater the noise level the lower the
school test performance score. Furthermore, all except one of
the relationships were significant at the 1% or 5% level.
However, for both boroughs B and C the correlation coeffi-
cients were very small, varying from −0.15 to 0.28. There
were no significant relationships and the coefficients were
very similar for the two boroughs. This may be due to the
differences between the central and suburban boroughs re-
flected in the SEN data shown in Table I, and also to the
different characteristics of the boroughs as represented by
their population densities, discussed in Sec. II D. For this

reason the two central boroughs �B and C� are considered
together and separately from the suburban borough �A� in the
following discussion.

A. Borough A

1. All schools

Table III shows that when all schools in borough A are
considered there were significant negative relationships be-
tween all SAT scores and all external noise parameters, ex-
cept for KS1 Mathematics and LAmax. The relationships were
stronger for Key Stage 2 subjects, suggesting that noise has
more of an impact upon the performance of the older chil-
dren. A possible explanation for this is that the older children
have been exposed to the noise for a longer period of time.
This is consistent with the results of previous research dem-
onstrating the effects of long-term noise exposure.13–16 How-
ever, it is also possible that the nature and demands of the
tasks for older children differ from those of the younger chil-
dren and are more vulnerable to the effects of noise.

At Key Stage 1 and for KS2 English the external noise
level with the strongest correlation with test scores was the
background level, as measured by LA90. For other subjects at
Key Stage 2, LAmax was the parameter which had the stron-
gest association with test scores. This suggests that the
younger children were affected by general external back-
ground noise, while the older children were more affected by
individual external noise events such as motorbikes or lorries

TABLE IV. Borough A: Correlation coefficients between test scores and external noise levels corrected for data on FSM, EAL, and SEN.

LAeq LAmax LA90 LA10

FSM EAL SEN FSM EAL SEN FSM EAL SEN FSM EAL SEN

KS1 Reading −0.17 −0.26 −0.32b −0.15 −0.26 −0.29b −0.11 −0.24 −0.35b −0.16 −0.25 −0.31b

KS1 Maths −0.23 −0.28 −0.32b −0.15 −0.22 −0.24 −0.29 −0.35b −0.41a −0.24 −0.28 −0.33b

KS2 English −0.17 −0.27b −0.34b −0.25 −0.38a −0.37a −0.08 −0.23 −0.39a −0.12 −0.22 −0.31b

KS2 Maths −0.23 −0.32b −0.38a −0.36a −0.44a −0.44a −0.10 −0.25 −0.38a −0.19 −0.27 −0.35a

KS2 Science −0.25 −0.32b −0.39a −0.34b −0.42a −0.44a −0.19 −0.30b −0.41a −0.23 −0.29b −0.36a

KS1 average −0.20 −0.29 −0.34b −0.17 −0.27 −0.30b −0.18 −0.29 −0.39a −0.21 −0.28 −0.35b

KS2 average −0.25 −0.33b −0.39a −0.36a −0.45a −0.44a −0.14 −0.28b −0.41a −0.20 −0.28b −0.36a

aSignificant at 1% level.
bSignificant at 5% level.

FIG. 2. �Color online� Scatter diagram illustrating relationship between ex-
ternal LAeq and average Key Stage 1 scores in borough A.

FIG. 3. �Color online� Scatter diagram illustrating relationship between ex-
ternal LAmax and average Key Stage 2 scores in borough A.
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passing the school. This is consistent with the findings of
previous research,12–18 which has found that reading is af-
fected by noise caused by individual external sources such as
trains or planes. It is also consistent with a questionnaire
survey of children carried out by the authors which found
that older, Key Stage 2 age, children were more aware of
external noise than the younger children at Key Stage 1. The
subject showing the strongest negative effect of noise �with
background levels at Key Stage 1 and with maximum levels
at Key Stage 2� was Mathematics. The mathematics assess-
ment at Key Stage 2 is complex, involving orally presented
mental arithmetic, written arithmetic, and word problems.
Thus performance at these tasks is vulnerable to the effects
of noise on both reading and speeded responses, two areas
which have been found to be affected by noise in previous
studies.10–18,29

Figures 1–3 give examples of scatter diagrams relating
external noise levels and SAT scores. Figure 1 shows the
relationship between LAmax and Key Stage 2 Mathematics
scores; Fig. 2 shows the scatter diagram of LAeq and average
Key Stage 1 score; and Fig. 3 average Key Stage 2 score and
LAmax. Regression lines relating external noise levels and
SAT scores are also shown in Figs. 1–3. The implications of
these relationships are discussed in Sec. V.

Table IV shows the partial correlation coefficients ob-
tained when the data for borough A were controlled for the
FSM, EAL, and SEN data. It can be seen that when social
deprivation �as measured by FSM data� was taken into ac-
count there was still a negative relationship between external
noise and test scores, but there were fewer significant rela-

tionships than with the uncorrected data. However, LAmax

was still significantly correlated with two subject scores
�Mathematics and Science� and the average score at Key
Stage 2. The strongest relationship was again with the Math-
ematics scores. When potential language demands �as indi-
cated by EAL data� were accounted for there were still
strong associations between LAmax and all subjects at Key
Stage 2, with Mathematics again being the subject most
strongly related to noise. As with the uncorrected data, KS1
Mathematics scores were most strongly, and significantly, re-
lated to the external background noise level. When control-
ling for SEN, it can be seen that the pattern was very similar
to that for the uncorrected data, with KS2 Mathematics and
Science again being the subjects most affected by external
noise, and LAmax having the strongest negative relationship
with test scores at Key Stage 2.

2. Schools with external LAeq levels of 60 dB„A… or
greater

When considering only those schools with external LAeq

levels of 60 dB�A� or more in borough A �N=22�, KS1
Mathematics was the only subject significantly related to
noise, being significantly related at the 5% level to LA90. This
significant relationship was maintained when the data were
corrected for socio-economic factors, becoming significant at
the 1% level when correcting for SEN.

B. Boroughs B and C

1. All schools

As mentioned previously, there were no significant rela-
tionships between test scores and external noise for the cen-
tral London boroughs when all schools in the two boroughs
were considered. The reason for the difference between these
schools and those in borough A is unclear, but may be related
to the discrepancies in the percentages of children with spe-
cial needs in the central and suburban boroughs, or to the
differing population characteristics between the boroughs.

2. Schools with external LAeq levels of 60 dB„A… or
greater

If only those schools where the external level exceeds
60 dB LAeq in the two boroughs were considered �N=35�
then there were stronger negative relationships between SAT

TABLE V. Schools in boroughs B and C with external LAeq�60 dB�A�:
Correlation coefficients between test scores and noise levels.

LAeq LAmax LA90 LA10

KS1 Reading −0.40b −0.40b −0.22 −0.36b

KS1 Maths −0.10 −0.09 −0.03 −0.20
KS2 English −0.39b −0.43a −0.37b −0.38b

KS2 Maths −0.21 −0.31 −0.15 −0.27
KS2 Science −0.25 −0.36b −0.15 −0.24
KS1 average −0.31 −0.31 −0.12 −0.28
KS2 average −0.30 −0.39b −0.24 −0.32

aSignificant at 1% level.
bSignificant at 5% level.

TABLE VI. Schools in boroughs B and C with external LAeq�60 dB�A�: Correlation coefficients between test scores and noise levels corrected for data on
FSM, EAL, and SEN.

LAeq LAmax LA90 LA10

FSM EAL SEN FSM EAL SEN FSM EAL SEN FSM EAL SEN

KS1 Reading −0.35b −0.40b −0.35b −0.40b −0.41b −0.43a −0.13 −0.22 −0.16 −0.23 −0.36b −0.29
KS1 Maths −0.00 −0.08 −0.02 −0.04 −0.10 −0.10 0.09 0.05 0.07 −0.04 −0.15 −0.10
KS2 English −0.34b −0.37b −0.32 −0.46a −0.46a −0.48a −0.30 −0.28 −0.29 −0.23 −0.32 −0.29
KS2 Maths −0.09 −0.18 −0.11 −0.30 −0.32b −0.34b −0.01 −0.06 −0.05 −0.06 −0.21 −0.16
KS2 Science −0.16 −0.23 −0.20 −0.35b −0.37b −0.37b −0.03 −0.08 −0.09 −0.06 −0.19 −0.17
KS1 average −0.25 −0.31 −0.25 −0.29 −0.31 −0.33 −0.02 −0.11 −0.04 −0.14 −0.28 −0.21
KS2 average −0.22 −0.28 −0.23 −0.41b −0.41b −0.43a −0.13 −0.16 −0.16 −0.13 −0.26 −0.22

aSignificant at 1% level.
bSignificant at 5% level.
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scores and noise, as shown in Table V. For most external
noise parameters, as with borough A schools, the relation-
ships were stronger for Key Stage 2 results, and in general
LAmax was the parameter most closely related to test results.
In these boroughs, however, English was the subject showing
the greatest effect of noise. Both KS1 Reading and KS2 En-
glish scores were significantly related to external LAeq, LAmax,
and LA10 levels, while KS2 English was also significantly
related to the background LA90 level. Unlike the suburban
borough, Mathematics scores were not significantly related
to any external noise parameter.

Table VI shows the correlations when the data were cor-
rected for socio-economic factors. In all cases the results
were very similar to those for the uncorrected data. KS1
Reading and KS2 English were the subjects most affected by
external noise, KS2 English being significantly correlated
with LAmax at the 1% level and LAmax again being the noise
parameter with the strongest correlations with test scores.
When correcting for EAL and SEN, all subjects at KS2 were
significantly related to LAmax. Relationships between KS2
English and LAmax were significant at the 1% level, and
stronger than for the uncorrected data.

IV. RESULTS: RELATIONSHIPS BETWEEN INTERNAL
NOISE AND TEST RESULTS

In investigating relationships between internal noise and
SATs, average and subject Key Stage 1 and Key Stage 2 SAT
scores were correlated with relevant internal noise data. For
this analysis, correlations were carried out for the complete

set of 16 schools �eight in borough A and eight in borough B�
for which internal noise data were available. The internal
noise data that were used consisted of the LAeq and LA90

levels for Year 2 and Year 6 �as these are the years in which
children sit for SATs�; and in the various school locations
which were measured.

A. Correlation with year group levels

Table VII shows the correlations between KS1 test
scores and Year 2 noise levels, and between KS2 scores and
Year 6 levels. It can be seen that there were negative rela-
tionships between all scores and noise levels, except for Key
Stage 1 Reading; however, none of the correlations were
significant, possibly because of the small sample size. The
subject showing the strongest effect of internal noise was
KS2 English, which was related to both LAeq and LA90 levels.
This is consistent with the results of the parallel experimental
testing,29 which showed that classroom babble affected all
tasks both verbal and nonverbal.

When the data were corrected for socio-economic fac-
tors KS2 English was still the subject most strongly affected
by internal noise; when correcting for FSM there was a sig-
nificant negative relationship �r=−0.59, p�0.05� between
background noise �LA90� in Year 6 classrooms and test scores
for this subject.

B. Correlation with location levels

Table VIII shows the correlation coefficients between
LAeq and LA90 levels for different school locations and sub-
ject test scores. There were negative correlations between all
subject scores and all noise levels measured in occupied
classrooms, unoccupied classrooms, and corridors and foy-
ers. In general the relationships were strongest for occupied
classrooms, with the background �LA90� level being signifi-
cantly related to test scores for most subjects. The subject
most strongly affected by internal noise was again KS2 En-
glish, which was significantly correlated at the 1% level with
occupied classroom LA90. KS1 Mathematics was signifi-
cantly related to LA90 in both occupied and unoccupied class-
rooms.

Figures 3–6 show scatter diagrams relating internal
noise and KS2 English scores, KS1 average scores, and KS2

TABLE VII. Internal noise: Correlation coefficients between test scores and
Year 2 and Year 6 noise levels.

Year 2
N=11

Year 6
N=13

LAeq LA90 LAeq LA90

KS1 Reading 0.01 −0.12
KS1 Maths −0.17 −0.33
KS2 English −0.45 −0.48
KS2 Maths −0.04 −0.00
KS2 Science −0.36 −0.11
KS1 average −0.15 −0.29
KS2 average −0.33 −0.25

TABLE VIII. Internal noise: Correlation coefficients between test scores and school location noise levels.

Occ class
N=16

Unocc class
N=14

Corridor/foyer
N=14

Occ hall
N=8

Unocc hall
N=7

LAeq LA90 LAeq LA90 LAeq LA90 LAeq LA90 LAeq LA90

KS1 Reading −0.11 −0.60b −0.33 −0.46 −0.38 −0.39 0.32 0.06 0.14 0.18
KS1 Maths −0.12 −0.57b −0.52 −0.55b −0.38 −0.40 0.36 0.21 0.43 0.34
KS2 English −0.55b −0.77a −0.08 −0.20 −0.53b −0.62b −0.12 −0.28 0.47 0.49
KS2 Maths −0.22 −0.46 −0.06 −0.21 −0.47 −0.49 0.18 0.03 0.28 0.36
KS2 Science −0.41 −0.50b −0.14 −0.32 −0.38 −0.39 −0.09 −0.31 −0.19 −0.04
KS1 average −0.16 −0.58b −0.41 −0.51 −0.41 −0.39 0.24 0.06 0.15 0.18
KS2 average −0.43 −0.64a −0.10 −0.46 −0.49 −0.35 −0.00 0.03 0.15 0.35

aSignificant at 1% level.
bSignificant at 5% level.
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average scores, respectively. Regression lines relating inter-
nal noise levels and SAT scores are also shown in Figs. 3–6
and are discussed in more detail in Sec. V.

It is interesting to note that there were consistently nega-
tive correlations between test scores and all noise levels in
corridors and foyers, being significant again for KS2 En-
glish. While carrying out internal noise surveys it was sub-
jectively apparent that the noise in such spaces gave a good
indication of the general “noise climate” in a school.

It can be seen that there was no relationship between
noise levels in school halls, occupied or unoccupied, and test
scores. This is as would be expected and validates the fact
that there are strong negative relationships between noise in
classrooms and test results.

Tables IX and X show the correlation coefficients be-
tween test scores and LAeq and LA90 levels, respectively, in
classrooms and circulation areas when the data were cor-
rected for socio-economic factors. In general, relationships
were slightly less strong when correcting for FSM and EAL
but when correcting for SEN correlations coefficients were
similar to those for the uncorrected data. KS2 English was
still significantly correlated with LAeq in occupied classrooms

and in corridors/foyers. When correcting for all factors there
were significant correlations between KS2 English and LA90

in occupied classrooms and corridors/foyers.

V. QUANTIFYING THE EFFECTS OF NOISE

The regression lines relating noise levels and SAT scores
for the most significant results have been calculated. In bor-
ough A these relationships have been used to investigate the
implications of increases in external LAeq, LAmax, and LA90

levels, and to establish the noise levels in this borough which
correspond to the UK government targets in numeracy and
literacy at the time of the survey �80% of children achieving
required level in KS2 English and 75% in KS2 Mathemat-
ics�. Similar analysis has been carried out for internal back-
ground �LA90� levels in occupied classrooms.

A. External noise

The equations of the regression lines relating external
noise �LAeq, LAmax, and LA90 levels� and Key Stage 2 English
and Mathematics scores in borough A are shown in Table XI.
For completeness the relationships between noise and aver-
age Key Stage 1 and 2 scores are also shown. These linear
relationships have been used to estimate the percentage de-
creases in the numbers of children achieving the required
level for each 10 dB increase in external noise; these are also
shown in Table XI. Table XI also shows the external noise
levels, derived from the regression lines, which correspond
to the UK government targets in English and Mathematics.

It can be seen that an increase of 10 dB�A� in external
LAeq, LAmax, and LA90 levels in borough A causes 5%, 4%,
and 6% drops, respectively, in the number of children
achieving the required levels at Key Stage 1, and drops of
7%, 9% and 9%, at Key Stage 2. This further illustrates the
greater detrimental effect of noise on the older children in the
primary school age range. The external LAeq, LAmax, and LA90

levels corresponding to the UK government target for lit-
eracy are 42 dB�A�, 54 dB�A�, and 37 dB�A�, respectively;
for numeracy the corresponding levels are 44, 58, and
38 dB�A�. It should be noted that these refer to external lev-
els at a point 4 m from the school façade, and should be
interpreted with caution as discussed in Sec. VI.

FIG. 5. �Color online� Scatter diagram illustrating relationship between oc-
cupied classroom LA90 and average Key Stage 1 scores.

FIG. 6. �Color online� Scatter diagram illustrating relationship between oc-
cupied classroom LA90 and average Key Stage 2 scores.

FIG. 4. �Color online� Scatter diagram illustrating relationship between oc-
cupied classroom LA90 and Key Stage 2 English scores.
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B. Internal noise

The regression lines relating internal background LA90

levels in occupied classrooms and Key Stage 2 English and
Mathematics scores are shown in Table XII. The linear rela-
tionships between noise and average Key Stage 1 and 2
scores are also shown. Table XII also shows the percentage
decreases in the numbers of children achieving the required
level in SATs for each 5 dB increase in internal background
noise, plus the internal background noise levels in occupied
classrooms, derived from the regression lines, which corre-
spond to the UK government targets in English and Math-
ematics.

Table XII shows that there is a 13% reduction in the
number of children achieving the required level at Key Stage
1 and a 12% reduction at Key Stage 2, for each 5 dB�A�
increase in the background noise level in occupied class-
rooms. The background noise level corresponding to the
government target for literacy is 53 dB�A� LA90, while for
numeracy it is 50 dB�A� LA90. As with external levels, care
is needed in interpreting these figures as discussed in Sec.
VI.

VI. DISCUSSION

The study described here has shown that chronic expo-
sure to noise at school has a detrimental effect upon chil-
dren’s academic performance, as measured by standard as-
sessment testing in schools in England and Wales. These are
consistent with the findings of previous studies and with the

results of experimental testing of children carried out by the
authors, as will be discussed in the following. Both external
environmental noise heard inside a school and noise gener-
ated within a school have an impact upon children’s test
scores, but affect children in different ways. In addition to
different subjects being affected by external and by school
noise, the particular characteristics of the noise which impact
upon children’s performance differ between the two types of
noise.

A. External noise

It was seen that different results were obtained for the
suburban �A� and central �B and C� boroughs. For borough A
there were strong relationships between all noise parameters
and all test scores when all schools were considered, but for
the other boroughs significant relationships were found when
only the schools on the noisier sites were considered. The
reasons for the discrepancies are not fully understood but
may relate to differences in demographic, population, and/or
noise characteristics between the boroughs. There may be
“floor” effects for the inner city boroughs in that, however
low the noise levels, the overall school test scores would not
improve above a certain level. As was noted earlier the two
central boroughs considered had high levels of children with
SEN. The parallel experimental study carried out by the
authors29 showed that children with SEN were particularly
vulnerable to the effects of noise so it is possible that this
factor limits the overall achievements of these schools.

TABLE IX. Internal noise: Correlation coefficients between test scores and school location LAeq levels corrected for FSM, EAL, and SEN.

Occupied classroom
N=16

Unoccupied classroom
N=14

Corridor/foyer
N=14

FSM EAL SEN FSM EAL SEN FSM EAL SEN

KS1 Reading 0.11 0.13 −0.09 −0.05 −0.19 −0.34 −0.25 −0.33 −0.49
KS1 Maths 0.15 0.18 −0.14 −0.28 −0.42 −0.52 −0.23 −0.33 −0.42
KS2 English −0.45 −0.44 −0.53b 0.32 0.11 −0.10 −0.43 −0.50 −0.71a

KS2 Maths −0.07 −0.09 −0.24 0.23 0.07 −0.05 −0.38 −0.43 −0.51
KS2 Science −0.33 −0.32 −0.38 0.04 −0.03 −0.15 −0.31 −0.34 −0.53
KS1 average 0.09 0.08 −0.15 −0.12 −0.29 −0.41 −0.27 −0.36 −0.49
KS2 average −0.32 −0.31 −0.42 0.21 0.05 −0.12 −0.39 −0.45 −0.62b

aSignificant at 1% level.
bSignificant at 5% level.

TABLE X. Internal noise: Correlation coefficients between test scores and school location LA90 levels corrected for FSM, EAL, and SEN.

Occupied classroom
N=16

Unoccupied classroom
N=14

Corrifor/foyer
N=14

FSM EAL SEN FSM EAL SEN FSM EAL SEN

KS1 Reading −0.44 −0.47 −0.60b −0.21 −0.30 −0.45 −0.26 −0.30 −0.40
KS1 Maths −0.36 −0.40 −0.60b −0.30 −0.40 −0.57b −0.25 −0.29 −0.40
KS2 English −0.66a −0.69a −0.76a 0.19 0.03 −0.17 −0.55b −0.58b −0.64b

KS2 Maths −0.30 −0.36 −0.49 0.06 −0.07 −0.22 −0.40 −0.43 −0.48
KS2 Science −0.42 −0.42 −0.48 −0.18 −0.21 −0.29 −0.31 −0.33 −0.40
KS1 average −0.38 −0.44 −0.59b −0.24 −0.36 −0.51 −0.26 −0.31 −0.41
KS2 average −0.51b −0.54b −0.63a 0.01 −0.10 −0.26 −0.44 −0.47 −0.54

aSignificant at 1% level.
bSignificant at 5% level.
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In general, for the suburban borough and for the noisier
schools in the inner city boroughs correlations between noise
and test scores were stronger for Key Stage 2 scores than for
those at Key Stage 1 suggesting that external noise has more
of an effect on the older children. It has previously been
found that the negative effects of environmental noise are
long term.13,16 The greater effect upon the older children may
therefore reflect the fact that these children have been ex-
posed to noise at school for a longer period than the younger
children. It may also be due to the higher task demands re-
quired of the older children in their tests.

In general, over all boroughs, the noise parameter with
the highest and most significant correlations with test scores
was LAmax, implying that noise of individual events may be
the most important in affecting children’s performance.
However, in the suburban borough external background
noise levels, LA90, were also significantly related to test
scores.

Significant relationships between tests scores and noise
were maintained when the data were corrected for factors
relating to social deprivation, non-native speaking, and addi-
tional educational needs. In particular in all boroughs �con-
sidering just the noisier schools in the inner city boroughs�
all KS2 subjects remained significantly related to LAmax

while KS1 Reading was also significantly related to some
noise parameters.

The dominant external noise source in the schools con-
sidered was road traffic.1 These findings are thus consistent
with the findings of other studies which have found that road
traffic noise has an impact upon children’s performance at
school.19–21 Furthermore, although schools exposed to air-
craft noise were not included in the study, the close relation-
ships between LAmax and test scores suggest that the noise of
individual events has an impact upon children’s perfor-

mance. This is thus consistent with the results of other stud-
ies which have found that both aircraft12–16 and railway17

noise affect children’s performance.
The results also complement the findings of a question-

naire survey of children carried out by the authors which
found that the older �Year 6� children were more aware of
external noise than the younger children.32 This is consistent
with the finding that the test results of these children were
more affected by noise than those of the younger children.
Furthermore, annoyance caused by external noise among
children was significantly related to external maximum noise
levels, the levels that are found to have the most effect upon
test scores.

Regression analysis has been used to estimate the noise
levels corresponding to UK government targets in English
and Mathematics in the suburban borough. In this borough
those schools where the external LAmax level 4 m from the
school façade exceeds 54 dB�A�, or LAeq exceeds 42 dB�A�,
fail to meet literacy and numeracy targets. These levels are
considerably lower than those recommended in current
guidelines,28 and should be interpreted with caution. As can
be seen from Figs. 1–3 there is considerable scatter around
the regression lines; many schools with levels greater than
these do achieve the SAT targets. Furthermore, there are
many other factors apart from noise which may affect chil-
dren’s attainments; the regression analysis was carried out
for uncorrected data where additional factors which may im-
pact upon learning are not accounted for. These results may
therefore not apply to schools in general.

B. Internal noise

There were consistent negative relationships between
test scores and LAeq and LA90 levels measured in occupied
and unoccupied classrooms and corridors and foyers. The
internal noise levels which had the strongest relationships
with test scores were the background �LA90� levels in occu-
pied classrooms. All subjects except KS2 Mathematics were
significantly correlated with these levels. KS1 Mathematics
was also significantly correlated with LA90 measured in un-
occupied classrooms and KS2 English with LAeq and LA90

measured in corridor and foyer areas. Many of the relation-
ships, particularly those for KS2 English, were maintained
when the data were corrected for socio-economic factors.

These results complement the results of the controlled
experimental testing of children carried out by the authors in
which children performed various tasks in different class-

TABLE XI. Borough A: Regression lines relating external noise levels and SAT scores.

LAeq LAmax LA90

Regression
equation

% drop
�10 dB
increase Level� target

Regression
equation

% drop
�10 dB
increase Level� target

Regression
equation

% drop
�10 dB
increase Level� target

KS2 English y=−0.76x+112 8 42 y=−0.70x+118 7 54.2 y=−0.95x+115 10 36.8
KS2 Maths y=−0.72x+107 7 44.4 y=−0.71x+116 7 57.7 y=−0.82x+106 8 37.8
KS1 average y=−0.49x+104 5 ¯ y=−0.37x+102 4 ¯ y=−0.63x+107 6 ¯

KS2 average y=−0.73x+113 7 ¯ y=−0.70x+120 7 ¯ y=−0.87x+114 9 ¯

TABLE XII. Regression lines relating LA90 in occupied classrooms and SAT
scores.

Occupied classrooms LA90

Regression
equation

% drop
�5 dB
increase Level� target

KS2 English y=−3.23x+250 16 52.6
KS2 Mathsa y=−1.87x+169 9 50.3
KS1 average y=−2.55x+218 13 ¯

KS2 average y=−2.45x+207 12 ¯

Correlation �r=−0.46� not significant.
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room noise conditions.29 Classroom babble was found to de-
crease performance on both verbal and nonverbal tasks, with
verbal tasks of reading and spelling being particularly af-
fected. This is consistent with the finding that KS2 English
test scores are strongly and significantly related to the ambi-
ent and background noise levels in classrooms.

Regression analysis showed that of the schools sur-
veyed, in general those in which background �LA90� levels in
occupied classrooms exceed 50 dB�A� failed to meet gov-
ernment targets in literacy and numeracy. Current guidelines
specify internal levels in classrooms in terms of ambient LAeq

when both classrooms and the whole school are unoccupied.
It is difficult, without further extensive noise surveys in
schools both empty and occupied, to compare the occupied
classroom background noise level with those in current stan-
dards. Furthermore, as with the external levels there is con-
siderable scatter around the regression lines as can be seen in
Figs. 4–6; therefore care should be taken when interpreting
these results.

VII. CONCLUSION

This study has shown that chronic exposure to both ex-
ternal and internal noise has a detrimental impact upon the
academic performance and attainments of primary school
children. For external noise it appears to be the noise levels
of individual events that have the most impact while back-
ground noise in the classroom also has a significant negative
effect. Older primary school children, around 11 years of
age, appear to be more affected by noise than the younger
children.

In order to minimize the impact of noise upon children
at school it is therefore necessary to consider two factors.
The siting and the internal layout of a school should be such
that classrooms are not exposed to high levels of noise from
external sources such as road traffic. In addition it is essential
to minimize background noise levels in the classroom to en-
sure that optimum conditions for teaching and learning are
achieved.

Further field and experimental studies are required to
determine the levels at which different types of external and
internal noise affect children’s academic performance in dif-
ferent circumstances.
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