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Abstract
The aim of this scoping review was to synthesize research assessing the effect of classroom acoustic conditions on children’s
physical health and identify areas for future research. This scoping review followed the PRISMA-ScR protocol. A compre-
hensive search of four online databases (ERIC, PubMed, Scopus, and Web of Science) was conducted using the search term
classroom AND (acoustic* OR noise OR reverb*) AND health. Peer-reviewed journal articles were included if they were
written in English, included children in the primary school age range (i.e. 5–12 years), and included a measure of children’s
physical health. Eight papers out of the 407 papers returned in the search met the criteria to be included in the review. The
results were analysed according to the effect of traffic noise, aircraft noise, and internal classroom noise on children’s physical
health. The results were somewhat mixed, but overall they suggest that noise may have a negative effect on children’s physical
health by inducing a stress response that results in asthma, fatigue, and headaches. Future research avenues are proposed to
better understand the relationship between classroom acoustic conditions and children’s physical health.

Keywords Health · Classroom acoustics · Noise · Children

1 Introduction

The impact of noise on human health has been of grow-
ing concern. The World Health Organization (WHO) has
been particularly worried about the effect of noise on health.
Berglund and Lindvall [1] critically reviewed the adverse
effects of community noise on humans for the WHO in the
1990s which fed into the WHO Guidelines for Commu-
nity Noise [2]. Noise can cause permanent hearing loss or
a temporary threshold shift, sleep disturbance, fatigue, and
increases in blood pressure, heart rate, and vasoconstriction
[1]. Studies specifically looking at the effects on environ-
mental noise on children have found that chronic exposure
can affect systolic and diastolic blood pressure and cate-
cholamine hormone secretion, but the effects are not always
consistently shown (see [3] and [4] for reviews).

The potential for these adverse health effects have led to
theWHORegional Office for Europe to devise guidelines for
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environmental and leisure noise exposure [5]. These guide-
lines published in 2018 followed a systematic review process
with the intention to update the 1990s document based on the
studies since that time. These guidelines include recommen-
dations for external noise such as road traffic noise, railway
noise, aircraft noise, andwind turbine noise, aswell as leisure
noise which may be at outdoor or indoor events, or from per-
sonal listening devices. The recommendations are based on
minimizing negative effects on health and sleep [5]. It is
strongly recommended that average day, evening, and night
noise levels should be below 53 dB Lden, 54 dB Lden, 45 dB
Lden, and 45 dB Lden for road traffic, railway, aircraft, and
wind turbine noise, respectively. At nighttime, it is strongly
recommended that road traffic, railway, and aircraft noise
levels are below 45 dB Lnight, 44 dB Lnight, and 40 dB Lnight,
respectively. For leisure noise, it is recommended that the
yearly average fromall leisure noise sources is less than70dB
LAeq,24 h. These guidelines are helpful to note; however, they
are mostly based on external average day, evening, and night
noise levels (i.e. 24 h period), so it is important to review the
impact of noise entering the classroom during the school day
(5–6 h) on children’s physical health.

For occupational noise, SafeWorkAustralia [6] states that
the national standard for maximum occupational exposure to
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noise is an average daily exposure level of LAeq,8 h � 85 dB
as above this level poses a risk to the person’s hearing. The
national standard for peak exposure is LCpeak � 140 dB. This
noise level is for external and internal noise in the workplace.

It has been established that high noise levels from environ-
mental noise, recreational activities, or at work can have an
adverse effect on people’s health. However, what about noise
in the classroom environment? The classroom environment
is where children spend a substantial amount of time. There-
fore, it is vital to understand how the classroom acoustic
environment impacts on children’s physical health.

There are several noise sources heard in the classroom.
These include external environmental noise present when
the classroom is unoccupied (or occupied) such as traffic,
railway, and aircraft noise. However, there are also internal
noises when the classroom is occupied such as talking and
frommovement of the children themselves. These noises can
be exacerbated by the reverberation time of the classroom.

There are acoustic recommendations for classrooms,
largely based on what is needed for accurate speech percep-
tion. Generally, the unoccupied noise level should be kept
below 35–45 dBA [7] and the occupied noise level should be
below 50 dBA [8]. However, the actual acoustic conditions
experienced in the classroom by children are often subopti-
mal [8]. Classrooms are often built near busy roads or railway
lines, or under flight paths. Noise levels when the children
are in the classroom can also be louder than recommended
especially due to the growing amount of time spent in group
work activities which can make up around 50% of teaching
time [9, 10]. Group work noise levels have been shown to be
higher than the noise levels during whole class teaching or
independent work due to groups of children speaking at the
same time [11, 12]. Additionally, more open plan innovative
learning environments are becomingpopular [10]which have
higher intrusive noise levels from the other classes sharing
the same space [12].

The aim of this investigation was to conduct a scoping
review to systematically map the research on the impact of
classroom acoustic conditions on children’s physical health,
as well as to identify existing gaps in knowledge to be inves-
tigated in future research. Scoping reviews are a relatively
new approach for synthesizing research evidence and were
the method chosen for this paper rather than a systematic
review as it fitted the criteria of a scoping review as outlined
by Munn et al. better (i.e. "to identify the types of available
evidence in a given field; to clarify key concepts/ definitions
in the literature; to examine how research is conducted on a
certain; topic or field; to identify key characteristics or factors
related to a concept; as a precursor to a systematic review;
and to identify and analyse knowledge gaps” (p. 2)) [13]. Sys-
tematic reviews have more of a focus on informing practice
and policy which was not the purpose of this paper [13]. The
following research question was formulated: What is known

from the literature about the effect of classroom acoustic con-
ditions on primary school children’s physical health?

2 Method

2.1 Protocol

The Preferred Reporting Items for Systematic reviews and
Meta-Analyses extension for Scoping Reviews (PRISMA-
ScR) [14] was the protocol used for this scoping review.
The PRISMA extension for scoping reviews website can
be found at: http://www.prisma-statement.org/Extensions/
ScopingReviews.

2.2 Eligibility Criteria

To be included in the review, peer-reviewed journal arti-
cles needed to include a measure of children’s physical
health taking into account the classroom acoustic environ-
ment. Peer-reviewed journal articles were included if they
were written in English, included children in the primary
school age range (i.e. 5–12 years), and included a measure
of children’s physical health. No restrictions were made on
the publication dates or the type of study (i.e. quantitative,
qualitative, or mixed-method studies).

2.3 Information Sources

To identify potentially relevant documents, the followingbib-
liographic databaseswere searched: ERIC, PubMed, Scopus,
and Web of Science. The final search results were exported
into.csv files where duplicates were removed.

2.4 Search

The database search was conducted on the 21st April 2022.
The search term used for all databases was classroom AND
(acoustic* OR noise OR reverb*) AND health.

2.5 Selection of Sources of Evidence

All publications identified in the searches were evaluated by
the titles, and then abstracts and full text when needed for
potentially relevant publications.

2.6 Data Charting Process

Data charting refers to how relevant information from the
papers was extracted. Data from eligible studies were charted
to capture the relevant information on key study characteris-
tics and detailed information on all metrics used to measure
children’s physical health.
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2.7 Data Items

Data were abstracted on the following characteristics: the
types of acoustic conditions that have been assessed, the types
of measures used to assess physical health, and the effect of
the acoustic conditions on children’s physical health.

2.8 Synthesis of Results

Studieswere groupedby the acoustic conditions explored and
summarized according to the effect of the acoustic conditions
on children’s physical health.

3 Results

3.1 Selection of Sources of Evidence

The search and selection process of the studies to be included
in the review is shown in Fig. 1. After duplicates were
removed, a total of 407 references were identified from
searches of electronic databases. Based on the title and/or
the abstract and full-text, 399 papers were excluded for the
following reasons: 358 did not assess the effect of classroom
acoustics on children’s physical health, 36 did not assess chil-
dren in the primary school age range (the majority of these
assessed teacher’s vocal health), three did not have the full
text available in English, onewas not a peer-reviewed journal
article, and one reported the results poorly and could not be
properly interpreted.

3.2 Characteristics and Results of Sources
of Evidence

A summary of the studies included in the review is shown in
Table 1. A synthesis of the results follows.

3.3 Publication Years

The publication years of the eight studies included in the
review are shown in Fig. 2.

3.4 Populations

All eight studies were carried out with children typically
found inmainstreamclassrooms.No studies directly assessed
special populations.

3.5 Acoustic Exposure

Three studies assessed the effect of traffic noise, two assessed
aircraft noise, and four assessed internal classroom noise.

3.6 Measures andMethods

3.6.1 Questionnaires

Six studies used questionnaires as the physical health data
collection method. Akhtar et al. [15] developed a question-
naire specifically for the study that assessed if children are
negatively impacted on different performance indicators by
noise. The questionnaire was filled out by the children. Not
many details were given about the questionnaire.

Chowdhury et al. [16] also developed a questionnaire
for the study that assessed children’s attitude towards traf-
fic induced noise at school and the adverse impacts on their
physical and mental health. The questionnaire was filled out
by the children.

Stansfeld et al. [17] developed questionnaires filled out
by the children and parents on the perceived health of the
child. The questions were based on adult questionnaires of
perceived health.

Taborda et al. [18] developed a questionnaire for the
study filled out by the child that assessed symptoms such
as headaches and tinnitus experienced by the child in the
classroom.

Klatte et al. [19] used the KINDL-R [20] filled out by
the child’s parents to assess children’s physical wellbeing.
There were three questions, e.g. “during the last 4 weeks, my
child suffered from stomachache or headache”. Ratings were
made on a five-point scales ranging from “never” to “almost
always”.

Walinder et al. [21] developed a questionnaire for the
study that assessed the frequency that children experienced
different symptoms due to noise in the classroom including
headaches and fatigue on a five-point scale.

3.6.2 Interviews

Two studies used interviews as the physical health data col-
lection method. Lin et al. [22] and Palumbo et al. [23] used
interviews where the children were asked if they had experi-
enced 40 different health symptoms in the last week and the
location where those symptoms occurred (home, school, or
other). These were then categorized into whether the child
had experienced asthma-like symptoms (Yes/No); allergy-
like symptoms (Yes/No); flu-like symptoms (Yes/No); and/or
any respiratory symptoms (Yes/No).

3.6.3 Physiological Assessments

One study used physiological assessments as the physical
health data collectionmethod.Walinder et al. [21] tookphysi-
ologicalmeasurements of the children’s blood pressure, heart
rate, and salivary cortisol.
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Fig. 1 Search strategy and results

Fig. 2 Publication years of the eight journal articles included in the review

3.7 Outcomes

A summary of the overall outcomes of the studies is shown
in Table 1. These findings are described further below cate-
gorized by the type of noise assessed.

3.7.1 Traffic Noise Heard in the Classroom

Akhtar et al. [15] reported that 65% of children felt tiredness
due to high traffic noise and 64% of children experienced

headaches due to exposure to high traffic noise. The mean
traffic noise in the classrooms studied was 57.2 dBA which
is well above that recommended [7].

Chowdhury et al. [16] found that 79% of respondents
experienced headaches, 8% experienced earaches, 7% expe-
rienced tiredness, 4% experienced deafness, and 2% expe-
rienced respiratory distress. Note that these results are
combined for the primary, high school, and college result-
s—the primary school results were not reported separately.
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Traffic noise ranged from 59.73 to 65.84 dB for the primary
school which is well above that recommended [7].

Stansfeld et al. [17] found no effect of increased road traf-
fic noise on children’s self-reported health. Road traffic noise
in the schools assessed ranged from 32 to 71 dBA so many
of the schools would have had noise levels well above that
recommended [7].

3.7.2 Aircraft Noise Heard in the Classroom

Klatte et al. [19] found that children’s physical wellbeing
dropped by 0.12 points on the five-point rating scale for a
10 dB increase in aircraft noise levels which corresponds to
a decrease of one sixth of a standard deviation. The noise
levels in the schools ranged from 39.10 to 58.90 dBA so
several of the schools would have had noise levels well above
that recommended [7].

Stansfeld et al. [17] found no effect of increased aircraft
noise on children’s self-reported health for schools exposed
to levels ranging from 30 to 77 dBA so many of the schools
would have had noise levels well above that recommended
[7].

3.7.3 Class-Generated Noise

Lin et al. [22] found that the child feeling that it was noisy
in the classroom came fourth out of 16 factors in the model
of the most important features for respiratory symptoms. A
different analysis on the same data found a negative effect of
noise on asthma (almost a triple risk), but no effect for allergy
or flu-like symptoms [22, 23]. The internal noise levels of the
classrooms studied were not reported; however, there was a
yes/no rating by the parent about whether the child feels there
is noise in the classroom during activities.

Taborda et al. [18] found no significant difference in
the number of children reporting headaches pre- and post-
intervention of noise control (44.7% vs. 38.4%), but there
was a significant increase in children with tinnitus post-
intervention (12% vs. 26.5%). Unoccupied noise levels
were Lmin � 46.6 dB pre-intervention vs. 44.6 dB post-
intervention, Lmax � 76.0 dB pre-intervention vs. 58.3 dB
post-intervention,Leq � 56.4 dB pre-intervention (above that
recommended [7]) vs. 48.9 dB post-intervention (still above
that recommended [7]). Occupied noise levels were Lmin �
58.0 dB pre-intervention vs. 47.1 dB post-intervention, Lmax

� 86.7 dB pre-intervention vs. 81.4 dB post-intervention,Leq
� 70.3 dBpre-intervention (above that recommended [8]) vs.
71.4 dBpost-intervention (still above that recommended [8]).

Walinder et al. [21] found that higher noise correlatedwith
more frequent headaches and fatigue and decreased cortisol
variability in children.Bloodpressurewas not related to noise
levels, but interestingly pulse level negatively correlatedwith
noise level. The naturally occurring fluctuations in internal

noise ranged from 59 to 87 dBA (above that recommended
[8]).

4 Discussion

This scoping review aimed to determine what is known about
the effect of classroom acoustic conditions on primary school
children’s physical health. Eight papers met the criteria to
be included in the review. The results of the studies were
analysed according to the effect of different types of noise
on children’s physical health.

4.1 Summary of Findings

Three studies examined the effect of traffic noise heard in the
classroom on children’s physical health. Two of these stud-
ies assessed the impact of noise in noise-exposed schools on
children’s physical health and found that children reported
symptoms such as headaches, earaches, tiredness, deafness,
and respiratory distress [15, 16]. However, these studies did
not include control schools with low traffic noise to compare
these results to. Stansfeld et al. [17] who assessed children’s
self-reported health in schoolswith traffic noise ranging from
32 to 71 dBA found no effect of increased road traffic noise
on children’s self-reported health. However, the definition
of self-reported health and what exactly was asked in the
questionnaires was not specified. The results of these stud-
ies suggest that higher levels of traffic noise heard in the
classroom may negatively affect children’s physical health;
however, given these mixed results and limitations, future
research is needed to better understand the effect of traffic
noise on children’s physical health.

Two studies examined the effect of aircraft noise heard in
the classroom on children’s physical health. Although Klatte
et al. [19] found that children’s physical wellbeing dropped
by 0.12 points on the 5-point rating scale for a 10 dB increase
in aircraft noise levels, this change is very small. Stans-
feld et al. [17] found no effect of increased aircraft noise
on children’s self-reported health, but again the definition
of self-reported health and what exactly was asked in the
questionnaires was not specified. The results of these studies
suggest that aircraft noise heard in the classroom may have a
small negative effect on children’s physical health; however,
more research is needed to better understand the effect.

Four studies assessed the effect of internal classroomnoise
on children’s physical health. Lin et al. [22] and Palumbo
et al. [23] found that noise could be associated with respira-
tory symptoms such as asthma. The authors suggest, taking
into account findings from other studies, that the noise can
induce stress which increases cortisol levels which can exac-
erbate asthma. Taborda et al. [18] did not find a significant
difference in the number of children reporting headaches
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pre (44.7%) and post (38.4%) noise control intervention;
however, interestingly there was a significant increase in
children with tinnitus post-intervention. The authors, how-
ever, believe that this result was due to children at first not
understanding what tinnitus was rather than the result being
directly related to the noise level. Also, it is important to
note here that post-intervention the noise levels were still
high and above those recommended for classrooms [7, 8]
(although these recommendations are more for speech per-
ception and not specifically health-related) which is why
there may not have been a significant decrease in the num-
ber of children reporting headaches despite a trend in this
direction. In contrast, Walinder et al. [21] found that higher
noise levels were associated with higher levels of fatigue
and headache alongside reduced cortisol variability which
indicates a stress response. Taken together, these results sug-
gest that increased classroom-generated noise may induce
stress in children which manifests in physical health symp-
toms such as asthma, fatigue, and headaches.

4.2 Limitations of the Studies

In addition to the limitations of individual studies mentioned
above, there are a couple of limitations across studies that
need to be raised. These include the use of subjective mea-
sures of physical health, determining the exact cause of
physical health problems, and separating the noise source
under investigation from other sources.

All eight of the reviewed studies involved subjective self-
report questionnaires or interviews. Only one of the eight
studies also included physiological measurements. While
self-reports can provide helpful information, they are open
to bias from the responder. There can be issues such as how
the questions are interpreted by different people and how
much insight different people have into their physical health.
Questionnaires and interviews that are answered retrospec-
tively can also have the issue of how well the responder
can remember the situation or how they were feeling. So,
while these subjective measures may provide some helpful
insights, physiological measures can better provide objective
measures at the time of the noise exposure.

Additionally, it can be difficult to determine the exact
cause of physical health symptoms in some of the studies
using subjective questionnaires. For example, Klatte et al.
[19] asked questions such as “during the last 4 weeks, my
child suffered from stomachache or headache”. These symp-
toms could be induced by other aspects of the child’s life in
different environments such as stress at home or long travel to
and from school and not attributed directly to the classroom.

Separating the effect of the afflicting noise source com-
pared to other noise sources is another limitation of the
reviewed studies. For example, for the studies that assessed
the effect of external noise such as road traffic and aircraft

noise, there may have also been classroom noise present, so
physical health effects may not solely be able to be attributed
to the external noise. The same could be true for class-
generated noise where external noise may have also been
present and been a contributing factor. Additionally, self-
reported health effects may not just be a result of noise
exposure in the classroom, but could be influenced by high
noise exposure in other aspects of the child’s daily life.

4.3 Future Research Needs

Due to the small number of studies assessing the effect
of noise on children’s physical health, there are plenty of
avenues for future research to be conducted to better under-
stand the relationship. More studies are needed with control
schools with low noise levels or studies assessing a large
range of noise exposure levels so that conclusions can be
drawn about what noise level starts to affect children’s phys-
ical health. This is particularly needed for internal classroom
noise as there are no recommendations for what levels affect
health like there are for occupational, leisure, and environ-
mental noise [5, 6]. The only recommendations are those that
are derived for adequate speech perception [8]. The need for
a recommendation is especially relevant due to the growing
amount of time spent in noisier group work activities which
make up around 50% of teaching time [9–12] and the pop-
ularity of open plan innovative learning environments [10]
where intrusive noise can be an issue [12]. More studies are
needed examining the effect of specific acute noise exposure
on the immediate reaction of children’s physical health (only
researched by two out of eight studies reviewed) in addition
to those studies examining chronic exposure to noise.

Additionally, more studies are needed that include phys-
iological measures. Only one of the eight studies included
physiological measurements of children’s blood pressure,
heart rate, and salivary cortisol. All of the other studies used
self-report questionnaires or interviews. Using physiological
measurements of the children’s physical health would help to
give more objective insights into how noise affects children’s
physical health.

Furthermore, all studies reviewed were conducted with
children found in mainstream classrooms. It would therefore
be interesting to conduct studies with children with special
educational needs, such as attention deficit hyperactivity dis-
order and autism, to see if noise affects their physical health
differently to children who are typically developing.

Finally, noise is not the only acoustic variable that could
affect children’s physical health even though this was the
subject of investigation for all eight studies reviewed. It may
also be interesting to investigate the effect of the classroom
reverberation time as reverberation exacerbates noise so this
might also have an effect on children’s physical health.
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5 Conclusions

This scoping review synthesized information about what is
knownon the effect of noise in classroomsonchildren’s phys-
ical health.Only a small number of studieswere identified but
the results suggest that traffic noise, aircraft noise, and inter-
nal classroom noise may have a negative effect on children’s
physical health by inducing a stress response that results
in asthma, fatigue, and headaches. Given the small number
of studies, however, there are plenty of avenues for future
research to be conducted to better understand the relation-
ship between classroom acoustic conditions and children’s
physical health which have been proposed in the paper.
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