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The acoustic conditions of classrooms received a lot of attention in the last decades because of its important
role in school children’s comfort and performance. In a previous field study of 54 classrooms from21 schools
in the Netherlands, more than 85% of the 1145 primary school children reported that theywere bothered by
noise in the classroom. The objective of this study is to identify the effect of background sounds on children’s
performance, sound evaluation and influence assessment based on a lab study conducted in the SenseLab.
335 school children (9 to 13 years old) from the previous studied schools participated in the lab study.
They were subjected to a series of listening tests and evaluations in two acoustic test chambers (acoustically
treated or untreated) with one of seven randomly played background sounds: 45 dB(A) or 60 dB(A) traffic
noise, 45 dB(A) or 60 dB(A) children talking, 45 dB(A) or 60 dB(A) music, or no sound (�30 dB(A)). A two-
wayANOVAwasapplied toanalyse the interactioneffect of sound typeandsoundpressure level (SPL) onchil-
dren’s performance, sound evaluation and influence assessment in each of the chambers. Statistically signif-
icant interactions between the impact of sound type and SPL on children’s phonological processing
performance and their influence assessments were found in the untreated chamber.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

As a learning environment, classrooms’ main function is to
ensure the information of teachers can be clearly transferred to
children [1]. According to a field study conducted by Bluyssen
et al. [2], noise is the most common annoyance for primary school
children in the Netherlands; more than 85% of children reported
that they were bothered by noise in their classrooms. Young chil-
dren, especially younger than 13 years old, are more susceptible
to noise than adults [3]. Therefore, the impact of the acoustic con-
ditions of a classroom on children’s sound perception and learning
performance has attracted much concern throughout history.
Many studies have examined the effects of different types of class-
room noise, including external noise (e.g. aircraft noise, train noise
and road traffic) and noise generated by the children themselves,
while others have focused on the effect of different types of music
(e.g. vocal music and instrumental music). These studies involved a
large variety of performance tests including reading, mathematics,
memory and attention tests. Besides, the sound pressure level
(SPL) of background sound in classrooms and its impact have also
been examined by several studies.
However, only few studies have compared the impact of music
and noise on task performance. For these studies, their focuses
were either on adults’ performance [4] or on the relationship
between personality (introverts or extraverts) and background
sound [5,6]. Almost none of them looked at the impact of music
and noise on children’s task performance. In addition, the interac-
tions of background sound type and sound level on children’s per-
formance, sound evaluation and assessment of influence of sounds
also has been neglected by these studies.

Therefore, in an attempt to fill the research gaps addressed
above, 335 children from the previous studied schools were invited
to participate in a series of experiments, which was part of an
experimental study performed in the SenseLab under well-
controlled environmental conditions [7]. The SenseLab comprises
of four test chambers (to test the four indoor environmental factors
separately: thermal comfort, air quality, acoustics, and light) and
one experience room (for integral research of the four indoor envi-
ronmental factors) [8]. This current paper shows the results of the
experiments conducted in the acoustics chamber. It aims to
address the effects of background sounds, including different
sound types and SPLs, on children’s phonological processing, sound
evaluation, and influence assessment by comparing their answers
under different background sound conditions. Additionally, the
effect of age and gender were also taken into consideration in this
paper.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.apacoust.2019.05.007&domain=pdf
https://doi.org/10.1016/j.apacoust.2019.05.007
mailto:d.zhang-2@tudelft.nl
https://doi.org/10.1016/j.apacoust.2019.05.007
http://www.sciencedirect.com/science/journal/0003682X
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2. Literature review

2.1. Impact of external noise

External noise consists of aircraft noise, train noise, road traffic
noise, noise of outside people (including children on a playground),
noise of lawn maintenance equipment, as well as the noise of nat-
ure, like rain. Some studies demonstrated that noise has a detri-
mental effect on children’s performance, and this effect was
more obvious on older children in primary schools because they
suffer from noise in their classroom for a long time, and their
school tasks require higher mental requirements [1,9]. They also
indicated that aircraft noise is more impairing than road traffic
noise, which in turn is more impairing than train noise, especially
in terms of the impact on long-term memory [10,11]. However,
there are also some studies indicating that noise may benefit chil-
dren’s performance. For example, a study conducted by Stansfeld
[11] found that exposure to road traffic noise could improve chil-
dren’s episodic memory scores, and other studies involving white
noise also concluded that continuous and persisting noise is bene-
ficial for cognitive performance in children with Attention Deficit
Hyperactivity Disorder (ADHD) [12]. Among all these external
noises, road traffic, in particular cars, seems to be the most preva-
lent source, while aircraft noise was found to be the less common
one [1].
2.2. Impact of internal noise

Internal noise inside classrooms includes the noise of teaching
appliances (computers, projectors, etc.), noise of HVAC (Heating
Ventilating and Air-conditioning) systems and plumbing systems,
and noise generated by the children themselves (in their own
classroom, in neighbouring classrooms or in corridors). Although
in a field study conducted in 54 primary school classrooms in the
Netherlands [2] children reported that the noise generated by
themselves was the main annoyance in their classrooms, research
into the impact of this type of noise has only started two decades
ago. Hence, the knowledge could still be extended.

Shield and Dockrell [13] also found that the noise of children
seems to be the dominant noise in the classrooms by conducting
an internal noise survey in 140 primary school classrooms, and
they proved that the presence of children, no matter what they
are doing, could increase the noise level in classrooms. Later, they
examined the impact of the noise caused by children’s babble on
their performance (verbal and non-verbal tasks) among 158 chil-
dren aged around 8 years [14]. The result showed that two differ-
ent noise conditions, namely ‘babble’ condition (the noise created
by children) and ‘babble and environmental’ combined condition
(the noise created by children plus the environmental noise, such
as sirens and lorries), affected verbal and non-verbal tasks in a dif-
ferent way. For the non-verbal tasks, compared with the ‘base’ con-
dition (typical quiet classroom), children performed worse in the
‘babble’ condition, and even worse in the ‘babble and environmen-
tal’ condition. For verbal tasks, compared with the ‘base’ condition,
children performed worse in the ‘babble’ condition, but better in
the ‘babble and environmental’ condition. According to Shield
and Dockrell [14], the different time control rules of these tasks
might be one of the possible explanations of these different effects.
2.3. Impact of music

Music is an indispensable part of the life of adolescents who
usually spend about three hours per day listening to music, which
not only satisfies their emotional needs but also helps them to
understand the outside world [15]. The effect of music has been
studied throughout history. As early as the 1950s, music was
proved to have a positive impact on comprehensive reading tasks
[16,17]. Several studies tried to find a theoretical understanding
of how music affects people. Burleson [18] found music could
reduce the off-task response and increase the task accuracy in psy-
chotic children. This supported the previous studies by Fitzpatrick
[19]. The reason why music could facilitate performance was
explained by Richman [20]; he considered music as the mask of
distractor (extraneous auditory) stimuli which could induce the
off-task response. Hallam et al. [21] concluded that music could
help school children to reach their arousal level so that they will
perform tasks better. However, earlier studies are not consistent
with these findings. Gianna and Raymond [5] compared the effect
of music with high arousal potential (HA) and music with low
arousal potential (LA). They found that both of them had a negative
effect on task performance; and listening to HA music was more
harmful than listening to LA music. This verified the conclusion
of Konecni [22] and Hargreaves and North [23] that listening to
music occupies cognitive capacity; so, the capacity for task perfor-
mance would be impaired.

The different effects of music might be related to both the type
of music and the type of task. Previous research has compared dif-
ferent types of music, and found a different effect of vocal music
and instrumental music. Furnham et al. [24] found the presence
of lyrics could enhance the negative effect of music by analysing
pupils’ performance with background vocal music and instrumen-
tal music. Iwanaga and Ito [25] also concluded that vocal music
was more distracting for memory tasks than instrumental music.
The underlying theory could be that the lyrics may impair phono-
logical processing, which could interfere with the processing of
verbal information [5]. In addition, the task-related factors also
should be taken into consideration. The general consensus is that
music may have a negative impact on complex mental tasks [5].
However music also may have a positive impact on routine tasks,
which was confirmed by Smith [26].
2.4. Academic performance tasks

Many different performance tasks were used in previous studies
with regard to testing the impact of acoustic conditions or noise on
children. The phonological processing test is one of the common
ones. Kattle et al. [27] used a task named ‘‘odd-one-out” to test
the phonological processing in children. Eight lists of three mono-
syllabic words or CVC (Consonant Vowel Consonant) nonwords
were played via a speaker. A CVC word is a word that is made up
of a consonant, vowel and consonant sound (e.g. cat, hot, tip,
man, etc.) [28]. Children were asked to point out the odd one word
whose initial or final sound was to be analysed. The same type of
test also was used in the studies of Bradley and Bryant [29]. Spel-
ling is also a very common test [14,27]. Usually, in the spelling test,
children were asked to write down the single words and sentences.
Reading, including reading speed, reading accuracy and proof read-
ing, is another common type of performance task used in previous
studies [14,30,31]. Besides, memory tasks and mathematical tasks
were also used as a method to measure learning performance in
several studies [5,14,31,32]. Detailed information of these tasks
can be found in Appendix A.
3. Method

3.1. Experimental setup

The acoustic experiment introduced here was part of a series of
experiments in the SenseLab with children from the previous stud-
ied schools. The general procedure for these studies was intro-



Fig. 1. The layout in the chambers.
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duced in the paper of Bluyssen et al. [7]. The acoustic experiment
was based on a three factorial randomized design. The three factors
were ‘sound type’ (with three levels ‘children talk’, ‘traffic’ and
‘music’), ‘SPL’ (with two levels 45 dB(A) and 60 dB(A)) and ‘acoustic
treatment’ (with two levels ‘treated’ and ‘untreated’). In total, 335
children from 7 primary schools participated in the experiment
that took place on 10 different days between February 13th and
April 5th 2018.

3.1.1. Acoustic test chamber
The experiment was carried out in the acoustic test chamber of

the SenseLab (width 2.4 m, length 2.6 m, height 2.1 m), that was
equally divided into two parts (or two chambers) by a thick cur-
tain. The walls, floor and ceiling of the chambers comprised of
sandwich panels with a core of 80 mm Polyurethane and covered
by thin steel lining. One of the two chambers had 11.6 m2 of ‘‘Eco-
phon Akusto Wall A” acoustic absorption panels attached on the
three walls and ceiling, so it was named the acoustically treated
chamber (chamber B). The other chamber did not have added
sound absorption material, and was therefore named the untreated
chamber (chamber A). The difference between these two chambers
and the effect of acoustic treatment on children was reported by
Zhang et al. [33]. The estimated RT of these two chambers is shown
in Table 1.

The layout and size of the two chambers were the same, each
chamber had two small chairs and a loudspeaker placed in a corner
of the room (see Fig. 1). The loudspeaker was directed to the centre
of the two chairs.

3.1.2. Sound system
Each chamber was equipped with an ADAM A7X nearfield mon-

itor connected to a Behringer U-Phoria UMC202HD audio-
interface. The audio-interface was connected to a laptop from
which the sound files were played through the software Audacity.
The speakers were placed in a corner of the chamber having a dis-
tance of about 1.7 to 1.8 m from each of the chairs.

During the recording process, the words (see Appendix B) were
read by a Dutch male speaker (age 38) in the acoustically treated
chamber without any background sound and recorded with a Nor-
sonic Nor 140 sound analyser that can also record and store a raw
wave file. The wave files containing the words were then calibrated
to have a SPL of a typical human voice at 1.8 m distance. There was
about two seconds between words that belonged to the same ques-
tion and 15 s between questions. Then these sound files were
merged with calibrated sound files containing different back-
ground sounds at two different SPLs using the Adobe Audition soft-
ware. In total, seven different background sound conditions were
selected: 45 dB(A) or 60 dB(A) traffic noise, 45 dB(A) or 60 dB(A)
classroom noise with children’s talk, 45 dB(A) or 60 dB(A) piano
music (a Bandari music named childhood memory), and silence
Table 1
Estimated RT * of the chamber.

Frequency [Hz] V
6a

�
S
� RTuntreated[s] V

6a
�
S
� RT

treated
[s]

125 0.52 0.29
250 0.47 0.09
500 0.33 0.06
1000 0.24 0.06
2000 0.26 0.06
4000 0.29 0.06
Average 250–2000 0.33 0.07

* Since the two chambers are very small, modal behaviour was expected and it
may therefore be difficult to define a reverberation time. The values in the table
provide the calculated V=6a

�
S (whereV is the volume of the chamber [m3], a

�
is the

average coefficient [–], and S is the total geometrical area [m2]) to give an indication
of the amount of absorption in the chamber.
(�30 dB(A)). Each word-recording file was mixed with a 90 s epi-
sode of these background sounds.
3.1.3. Phonological processing task
The Phonological task that was performed in the experiments

aimed to estimate children’s hearing ability by only using
spoken-words. It was similar as the ‘odd one out’ task used by
Klatte [27], which contains four questions. In each question, three
words, including two with similar pronunciation and one with dif-
ferent pronunciation were pronounced via a loudspeaker, and the
children needed to pick up the different one. The children were
not trained to do the tests but they were given instructions and
one example to help them to understand the tests. All the words
used in this test were CVC words (see Appendix B).
3.1.4. Daily procedure
At the beginning of the experiment, all children filled in a one-

page personal information questionnaire, and then they were
divided into groups of maximum 16 children. There was a maxi-
mum of three groups participating each experimental day. Every
time only one group was further subdivided into four subgroups
participating in the experiments in the four test chambers (ther-
mal, air, acoustics, and light). Thus, there was a maximum of four
children as a subgroup participating in the acoustic experiment.
Before the experiments, the instructor handed every child a one-
page acoustic questionnaire, then carefully explained the proce-
dure to the children and practiced with an example task. The
experiment consisted of two similar sections, and it was performed
in the two chambers simultaneously. During one section of the
experiment, all the children performed a phonological processing
task that was mentioned in the above paragraph, then reported
their sound evaluation during the task by means of a five-point
scale (very noise-noise-neutral-quiet-very quiet) and assessed
the influence of the background sound on their performance by
means of a three-point scale (bad influence-no influence-good
influence). After section one, these children changed their seat to
another chamber and repeated the same procedure with another
background sound and/or level. Each section was three minutes
in length. At the end of the experiment, they were asked to point
out which chamber they liked better from an acoustics point of
view and what the reason for that was.
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3.1.5. Participants
In all, 335 children, including 167 girls and 168 boys from 10

classrooms of seven Dutch primary schools that were visited in
the year before this study, participated in this study. The mean
age of these children was 10.6 years old. Among them, 14 children
reported having hearing problems; they were excluded from the
analysis. Besides, the 27 children that participated in the first day
were also excluded because of the use of a wrong questionnaire,
and 4 children of school 4 were excluded because of sound speaker
failure. After the filtering, the data of 290 children were left and
were considered to be valid. Considering the fact that each child
participated in the same test twice under two different experimen-
tal conditions, each child was regarded as two subjects. For these
reasons, data of 580 cases were collected and used in this study.
Their characteristics including age and gender were analysed
under different conditions, as shown in Table 2, there’s no statisti-
cally significant difference of these children among those
conditions.

3.1.6. Ethical aspects
After recruitment of the schools, the parents received an infor-

mation letter and a consent letter from the school management,
which usually occurred two weeks before the visit. On the day of
the visit, the research team received the consent forms usually
from the teachers accompanying the children. For the children
without permission to join the experiments, the school manage-
ment generally decided not to have them join the visit. Further-
more, the children always had the option to opt out if they no
longer wanted to participate.

The Ethics committee of the TU Delft gave approval for the
study.

3.2. Data analysis

3.2.1. Descriptive analysis
Descriptive analysis was used to describe children’s general

information (including age, gender, hearing problems etc.), the
mean value of scores of their tests, sound evaluations and influence
assessments, and the comparison of their preferred chambers. For
the analysis related to the test, sound evaluation and influence
assessment, every child was regarded as two participants since
each child participated twice in the experiment.

3.2.2. T-tests and Spearman’s correlation tests
To check the learning effect, namely the influence of the

sequence of tests on children’s test scores, the Paired-Samples t-
tests was used to compare children’s scores between the first score
and the second score. For the evaluation of the effect of age and
gender on children’s performance, sound evaluation and influence
assessment, the Independent-Samples t-test was used to compare
children’s responses between boys and girls (since there’s no over-
lap of the participants in these two groups, they are independent
from each other), and Spearman’s correlation tests were applied
to identify the relations between children’s age and their
responses. Additionally, this study tried to determine the impact
of children’s sound perceptions in their real classrooms on the
Table 2
Characteristics of children in different experiment conditions.

45 dB (A) children talk 60 dB (A) children talk 45 dB (A) traffi

n 95 64 75
Age Mean (SD) 10.7 (1.0) 10.5 (1.0) 10.8 (1.0)
Gender (% Girls) 53.7 42.2 56.0

a P-value obtained from ANOVA test
b P-value obtained from Chi-squared test.
responses from the children in the experiments reported here.
So, all the results were compared between children who were
bothered by noise in their classroom and children who were not
by an Independent-Samples t-test (because children in these two
groups are different, they are independent from each other).

3.2.3. Two-way analysis of variance
Children’s performance, sound evaluation and influence assess-

ment were analysed with a two-way analysis of variance (ANOVA),
with repeated measures on two factors: SPL with two levels (45
and 60 dB(A)) and sound type with three levels (‘children talk’,
‘traffic’ and ‘music’). It should be noted that the test was conducted
for the two chambers separately because every child participated
in the experiment in both of the chambers. This means the partic-
ipants in each chamber were the same, so the chamber could not
be considered as another factor for the ANOVA. Differences
between the levels of the within factors were examined by the
comparison tests, and the effect of one factor was evaluated by
holding the other factors fixed. If there was a statistically signifi-
cant difference among the three levels of sound type, then three
pairwise comparisons were conducted to compare each two levels.
4. Result

4.1. Performance test

Children’s performance was evaluated by the phonological pro-
cessing test scores; one score for each question. The t-test of the
test scores proved no significant effect of the test sequence
(t565:7 ¼ �1:365; p ¼ 0:173), and no effect was shown
(r ¼ 0:097). The t-value measured the size of the difference relative
to the variation in the sample data. The greater the t-value (either
positive or negative), the greater the evidence that there was a sig-
nificant difference. The average score for the first test was 2.92,
while for the second test this was 3.03. In addition, the Spearman’s
correlation test showed no significant effect of age on the test score
(rho ¼ �0:015; p ¼ 0:715; rho indicates the strength of the rela-
tion between these two variables, the greater the absolute value,
the stronger the relations), which might be because the age range
was narrow (8–13 years old). However, the scores differed signifi-
cantly with respect to gender (t552:4 ¼ �3:493; p ¼ 0:001), and it
represented a small effect (r ¼ 0:292). In general, girls performed
better (with an average score of 3.15) than boys (with an average
score of 2.83).

4.2. Sound evaluation

The five-point scale (very noisy-noisy-neutral-quiet-very quiet)
of the sound evaluation was coded into a score from 1 to 5 corre-
spondingly in SPSS. The mean value was 2.85 (SD ¼ 1:11). The
noise evaluation approximately was normally distributed, with
38.5% of children voting for noisy (including very noisy), 34.4% of
children voting for neutral, and 27.1% of children voting for quiet
(including very quiet). According to the result of the Spearman cor-
relation test and t-test, neither age (rho ¼ �0:023; p ¼ 0:582) nor
c 60 dB (A) traffic 45 dB (A) music 60 dB (A) music No noise P value

113 73 94 66 –
10.7 (1.1) 10.7 (1.1) 10.4 (1.1) 10.6 (1.1) 0.155a

52.2 49.3 40.4 53.0 0.282b
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gender (t552:8 ¼ �0:130; p ¼ 0:897; r ¼ 0:009) had a significant
impact on children’s sound evaluation.

4.3. Influence assessment

With regard to the assessment of influence of sounds on their
school performance, the three-point scale (bad influence-no
influence-good influence) was coded into a score from 1 to 3 in
SPSS. The mean value of it was 1.87 (SD ¼ 0:75). 35.4% of the chil-
dren assessed the influence of sounds on their performance as bad,
41.9% of the children assessed it as ‘‘no influence”, and 22.7%
assessed it as good. The assessment didn’t differ significantly
between boys and girls (t543 ¼ �0:331; p ¼ 0:740; r ¼ 0:027),
and it didn’t have a relationship with age
(rho ¼ �0:080; p ¼ 0:060Þbased on the Spearman correlation test.

5. Discussion

The two-way ANOVA tests were conducted to examine the
interaction of sound type and SPL on children’s phonological pro-
cessing performance, sound evaluation and assessment of the
influence of sounds. Table 3 shows the main results of the tests.
Only in the untreated chamber, the interaction between the
impacts of SPL and sound type on children’s phonological process-
ing performance was statistically significant. The same was found
for their influence assessment. Besides, the interaction between
these impacts on children’s sound evaluation tended to be signifi-
cant for this chamber. The details of these results are discussed in
this section.

Comparing to the treated chamber A, there’s no significant
interaction between the sound type and SPL was found in the
untreated chamber B, this might be caused by the difference
between the nominal and the real SPLs of the sounds in chamber
B. All the sound files were calibrated to have 45 dB(A) and 60 dB
(A) in chamber A. At the seating position in chamber B, the same
sound files actually sounded lower than in chamber A. According
to the Sabine-Franklin-Jaeger’s SPL equation, the difference of SPL
between these two chambers was 12 dB(A). Therefore, at the seat-
ing position in chamber B, 45 dB(A) and 60 dB(A) were actually
33 dB(A) and 48 dB(A), respectively. This means that both of SPLs
met the standard of the study room specified by BB93 [34], and
these lower SPL sounds might be the reason that no significant
interaction effect of SPL and sound types was found in this
chamber.

5.1. Impact on children’s performance

There was a statistically significant two-way interaction
between the impacts of SPL and sound type on children’s perfor-
mance in chamber A, F 2;280ð Þ ¼ 6:278; p ¼ 0:002 (The F value is
the ratio of two mean square values. A large F (either positive or
negative) value means the null hypothesis is wrong, or in other
words, the data are not sampled from populations with the same
mean; The P value is determined from the F value). The means of
children’s test scores for the six conditions (two SPL � three sound
Table 3
Results of the two-way ANOVAa.

Chamber A (untreated)

SPL Sound type SPL* So

Test scores 0.348 0.052 0.002
Sound evaluation <0.001 <0.001 0.053
Influence assessment 0.009 0.107 0.032

a The P values are presented; P-values in bold mean statistically significant at the 5%
types) in chamber A are plotted in the left part of Fig. 2. However,
there was no statistically significant two-way interaction between
SPL and sound type in chamber B, with respect to the impact on
children’s performance. The means of children’s test scores in
chamber B are plotted in the right part of Fig. 2.

In chamber A, a statistically significant difference of children’s
test scores between different sound types was found
(F 2;280ð Þ ¼ 4:318; p ¼ 0:014) for a SPL of 45 dB(A). When the
sound was ‘children talk’ the mean value of children’s test score
was the lowest. When the sound was ‘traffic’ their average score
increased significantly (p ¼ 0:004). No other significant difference
was found for the other two pairwise comparisons. When the SPL
was 60 dB(A), no statistically significant difference of children’s
test scores was seen among these three types. When comparing
the SPL situation of 60 dB(A) with 45 dB(A), no statistically signif-
icant difference of children’s test scores was seen during the ‘chil-
dren talk’ sound, but when ‘traffic’ sound was played, their test
score was significantly higher in the 45 dB(A) situation,
(F 1;280ð Þ ¼ 11:388; p ¼ 0:001) and when ‘music’ sound was
played, their test score showed a tendency to increase in the
45 dB(A) situation (F 1;280ð Þ ¼ 3:740; p ¼ 0:054).

In chamber B, children’s test scores differed significantly among
different sound types in both SPL situations (45 dB,
F 2;276ð Þ ¼ 4:724; p ¼ 0:010; 60 dB, F 2;276ð Þ ¼ 3:275;
p ¼ 0:039). When the SPL was 45 dB(A), children’s test score signif-
icantly increased during both the ‘traffic’ sound (p ¼ 0:005) and the
‘music’ sound (p ¼ 0:022) compared with the ‘children talk’ sound.
In the situations with 60 dB(A) sounds, children’s test score was
significantly higher during the ‘music’ than the ‘children talk’
sound (p ¼ 0:012), but no statistically difference of children’s
scores was found in the other two pairwise comparisons. There
was no statistically significant difference of children’s test score
between 45 dB(A) and 60 dB(A) situations with any sound types.
This could be explained by the fact that the SPL of sounds at the
seating position in chamber B was 12 dB(A) lower their nominal
values and the SPL of those sound files met the standards.
Chamber B (Acoustically treated)

und type SPL Sound type SPL* Sound type

0.001 0.329 0.641
0.005 <0.001 0.253
0.002 0.124 0.798

level.
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Fig. 4. Mean values of children’s influence assessment in different experimental
conditions for chamber A and B.
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5.2. Impact on children’s sound evaluation

There was a strong tendency for the interaction between the
impacts of SPL and sound type on children’s sound evaluation in
chamber A (F 2;271ð Þ ¼ 2:975; p ¼ 0:053). However, no statisti-
cally significant interaction between SPL and sound type on chil-
dren’s sound evaluation was found in chamber B. The means of
children’s sound evaluations in the six conditions in each of these
two chambers are plotted in Fig. 3.

In chamber A, no statistically significant difference of children’s
evaluation of sound was seen with an SPL of 45 dB(A). While with
an SPL of 60 dB(A), a significant difference was found among the
three sound types (F 2;271ð Þ ¼ 7:626; p ¼ 0:001). However, only
one significant pairwise difference was found between the situa-
tions with the ‘children talk’ sound and the ‘music’ (p ¼ 0:040).
Compared with 60 dB(A), children’s evaluation scores of sounds
were significantly higher (quieter) in the 45 dB(A) situations with
the ‘children talk’ sound (F 1;271ð Þ ¼ 22:815; p < 0:001) or the
‘music’ (F 1;271ð Þ ¼ 10:332; p ¼ 0:001), while no significant dif-
ference of children’s evaluation was seen between 45 dB(A) and
60 dB(A) ‘traffic’ sounds.

In chamber B, still no statistically significant difference of chil-
dren’s evaluations of sounds was seen when the SPL was 45 dB(A),
while a significant difference was found among the three sound
types (F 2;268ð Þ ¼ 5:504; p ¼ 0:005) when the SPL was 60 dB(A).
Compared with the ‘children talk’ sound, children’s evaluation
scores for the ‘traffic’ sound (p = 0.007) and the ‘music’ sound
(p ¼ 0:002) were significantly higher. But there was no significant
difference of children’s evaluations between the ‘traffic’ sound and
‘music’. For the comparison of children’s evaluations of sounds
between two SPLs, children evaluated the 45 dB(A) sounds signifi-
cantly higher. This difference was statistically significant for the
‘children talk’ (F 1;268ð Þ ¼ 10:650; p ¼ 0:001) and ‘traffic’ sound
(F 1;268ð Þ ¼ 4:709; p ¼ 0:031).

5.3. Impact on children’s influence assessment

There was a statistically significant two-way interaction
between the impacts of SPL and sound type on children’s influence
assessments in chamber A (F 2;265ð Þ ¼ 3:495; p ¼ 0:032Þ. The
means of children’s assessment in the six conditions in chamber
A are plotted in the left part of Fig. 4. No statistically significant
two-way interaction among SPL and sound type in chamber B
was found. The means of children’s assessments in chamber B
are plotted in the right part of Fig. 4.

In chamber A, with an SPL of 45 dB(A), no statistically signifi-
cant difference of children’s assessment of influence of sounds
was seen between the three sound types, while when the SPL
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Fig. 3. Mean values of children’s evaluations of sound in different experimental
conditions for chamber A and B.
was 60 dB(A), there was a significant difference
(F 2;265ð Þ ¼ 6:886; p ¼ 0:001). The differences between each two
sound types were also found to be significant: children thought
the influence of the ‘children talk’ sound was the most negative,
the ‘traffic’ sound was significantly better than the ‘children talk’
sound (p ¼ 0:035), and the ‘music’ was significantly better than
both the ‘children talk’ sound (p < 0:001) and the ‘traffic’ sound
(p ¼ 0:049). According to the results of the comparison of chil-
dren’s influence assessment between 45 dB(A) and 60 dB(A), only
when the sound type was ‘children talk’ a significant difference
of children’s assessment scores of the influence of sounds was
found (F 1;265ð Þ ¼ 8:851; p ¼ 0:003).

In chamber B, when the SPL was 45 dB(A), still no statistically
significant difference of children’s assessments of the influence of
sounds was seen among the three sound types. However, when
the SPL was 60 dB(A), a significant difference was found
(F 2;264ð Þ ¼ 4:429; p ¼ 0:013): compared with the ‘children talk’
sound, children’s assessment scores of the influence of the ‘traffic’
sound (p ¼ 0:026) or the ‘music’ (p ¼ 0:004) were significantly
higher, but there was no significant difference between the ‘traffic’
sound and the ‘music’. The comparison between 45 dB(A) and
60 dB(A) didn’t show any significant difference of children’s assess-
ment of the influence of sounds, no matter what sound type it was.
This might be due to the fact that the SPLs in Chamber B were
lower than chamber A. In fact, both SPLs in chamber B met the
standard of a classroom. So, they might not have had the negative
influence on children’s performance as was intended.
5.4. Relation to children’s real classrooms

In the year before this study, a field study was conducted in the
schools that the children participating came from. That study
showed that 87% of children were bothered by noise in their class-
rooms [2]. Among the children who participated in this study, 220
children participated in the previous field study, and 90% (195)
these 220 children reported to be bothered by noise in their class-
rooms. To find out whether this previous assessment has an impact
on children’s response in this study, t-tests were conducted to
compare the children who were bothered by noise in their class-
rooms and the children who were not. As shown in Table 4, there
were statistically significant differences in children’s test scores
and influence assessment between these two groups of children,
and both of them presented small effects. Children who were both-
ered by the noise in their classroom got higher test scores, but
evaluated lower on the influence assessment than children who
were not bothered.



Table 4
Comparison between children who were bothered by noise in their classrooms and children who were not.

Bothered by noise Yes (Mean) No (Mean) ta P-valuesb Effect size

Test scores 3.06 (1.08) 2.70 (1.13) t432 ¼ 2:075 0.039 0.330
Sound evaluation 2.83 (1.10) 2.79 (1.01) t419 ¼ 0:244 0.808 0.037
Influence assessment 1.79 (0.74) 2.05 (0.72) t411 ¼ �2:117 0.035 0.352

a The t-value obtained from t-tests, measured the size of the difference relative to the variation in the sample data. The greater the t-value (either positive or negative), the
greater the evidence that there is a significant difference.

b P-values obtained from t-tests. P-values in bold mean statistically significant at the 5% level.
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On one hand, this might be explained through some children’s
acute hearing. The previous field study showed that different chil-
dren can have different concerns in terms of the factors of IEQ, and
some children were more concerned about sound in their class-
rooms [35]. It is hypothesized that these children were prone to
be bothered by noise, but at the same time, they could have a bet-
ter performance in the phonological processing because of their
acute hearing. On the other hand, it also might be explained
through children’s different intelligence. According to a publication
of Psyke 59 Grader Nord, children with high intelligence are usu-
ally more sensitive to outside stimuli including sound, smell and
taste [36]. Therefore, these gifted children could have a better per-
formance in the test, but they might also be more easily distracted
by irrelevant sounds. Bost of these hypotheses need to be tested in
the future.
5.5. Limitations

With respect to the limitations of this study, two main weak-
nesses should be mentioned. One is the setting of the experimental
chambers, the small size and the thick curtain causing a low RT in
the chambers, even for the untreated chamber. Both reached the
highest class of the acoustic requirements for primary schools in
the Netherlands. Future studies would better be conducted in real
classrooms or in rooms with similar size and similar acoustic con-
ditions as real classrooms.

The second limitation is the single performance task. Previous
studies have demonstrated many different tasks. However, due
to the limitations of time (pupils had to undergo many different
tests also on other indoor environmental factors), only one phono-
logical processing task was used in this study. So, the impact on
children’s other performance still needs to be evaluated. Future
studies should adopt more tasks to conduct a full assessment of
children’s performance.
6. Conclusion

The current study provides evidence for the impact of acoustic
conditions on children. In addition to the review of the well-
Type of tasks Reference Detail task

Phonological
processing

Klatte,
2010 [27]

Chose the different word from the oth
respect to the initial or the final sound

Spelling Shield,
2006 [14]

The English spelling test: 15 age-appro
spelling test.
documented influences of different types of sounds on children’s
performance, this study reported the interaction between sound
type and SPL on children’s performance, sound evaluation and
influence assessment. Statistically significant interactions between
the impact of SPL and sound type on children’s phonological pro-
cessing performance and assessment of the influence of sounds
were demonstrated in the untreated chamber (whose RT interest-
ingly got close to a class A classroom in the Netherlands according
to the Requirement of Fresh Schools [37]). In this chamber, the
simple main effects analysis showed that children performed bet-
ter under the 45 dB(A) conditions than the 60 dB(A) conditions
when the sound type was ‘traffic’, and children evaluated the
45 dB(A) sound to have a better influence than the 60 dB(A) sound
when the sound type was ‘children talk’. Additionally, a significant
effect of sound type on children’s performance was found when the
SPL was 45 dB (A), and on children’s influence assessment when
the SPL was 60 dB (A).

Although this study was conducted in a lab environment and all
the background sounds were played through a speaker, its findings
still have practical significance, especially the one that showed the
interaction effect of the sound type and SPL on children. Addition-
ally, the study showed that the two-way ANOVA analysis method
could be an appropriate method to test the interaction between
two characteristics of a sound.
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Appendix A

The list of studies that used performance tasks.
Main finding

ers with
.

Children performed better in the classrooms with a
short RT.

priate items Compared with typical quiet classrooms, children
performed better in the classrooms with babble
and environmental noise, but worse in the
classrooms only with babble.

(continued on next page)



Appendix A (continued)

Type of tasks Reference Detail task Main finding

Klatte,
2010 [27]

The German spelling test: write down single words
and sentences, the score is the number of correctly
written graphemes.

There was no significant impact of the RT on
children’s spelling performance.

Reading Shield,
2006 [14]

Reading test: Suffolk Reading Scale, A standardised
reading test that consists of multiple-choice and
sentence-completion questions.

Compared with typical quiet classrooms, children
performed better in the classrooms with babble
and environmental noise, but worse in the
classrooms only with babble.

Clark,
2005 [30]

Reading comprehension tests: nationally
standardized tests were used (suitable for 8–
13 years old children). In the UK, the 86-item
Suffolk Reading Scale, level 2 was used; in the
Netherlands, the 43-item CITO Readability Index
for Elementary and Special Education was used; in
Spain, the 27-item ECL-2 was used.

Aircraft noise had a detrimental effect on
children’s reading comprehension. This negative
relation between aircraft noise exposure and
children’s reading comprehension were found in
all three countries.

Ljung,
2009 [31]

Reading speed and comprehension test: fill the
intervals in a four-page story, in each interval,
choose the appropriate word from three options.

With regard to reading speed, children performed
slower in the traffic noise condition than in the
silent or in the irrelevant speech conditions.
Regarding reading comprehension, no significant
effect of noise was found.

Memory Cassidy,
2007 [5]

Immediate recall task: recall a short news story
containing 21 ‘ideas’.
Free recall task: recall 20 everyday six-letter
words.
Delayed recall task: recall the passage in the first
immediate recall task.

Students performed worse on all tasks while
listening to background sound, no matter whether
it was music or noise.

Mathematic Shield,
2006 [14]

Arithmetic: basic computation without verbal
component.

Children performed better in typical quiet
classrooms than in classrooms with noise
generated by children.

Ljung,
2009 [31]

Arithmetic: three division problems and three
multiplication problems.
Geometric: name points in a coordinate system.
Understand the relationship between fractional
expressions and areas of figures.
Understand the relationship between distance and
numerical expressions; measure distances.

Compared with silence, road traffic noise had a
negative influence on children’s mathematical
performance.

Listening comprehension Klatte, 2010 [32]
Listening comprehension task: mark the appropriate

drawings based on the listening instruction.
Both background speech and classroom noise had a
negative impact on children’s listening
comprehension, the younger the children the more
vulnerable.
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Appendix B

The list of words used in the phonological processing task.
1
 kop
 kup
 fos
2
 Sif
 num
 nom

3
 lir
 ler
 nim

4
 rol
 nem
 rul

5
 pok
 men
 min

6
 pik
 lor
 pek

7
 sof
 suf
 weg

8
 fis
 van
 fes
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