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Abstract. Noise exposition in educational institutions is
a well-known problem. Not only employees but also chil-
dren can be highly affected in health and cognitive devel-
opment due to loud sound environments. So far noise in
educational institution has been assessed using approved
methods and standards based on research data obtained
from adults. However, these methods provide little informa-
tion about sound and noise perception by children and not
enough information on the temporal and spectral structure
of noise and sound environment. This is why sound assess-
ment, using child dummy heads, and psychoacoustic param-
eters should be considered. This paper describes a method
to access aurally accurate noise perception data, through
the evaluation of two binaural room acoustic parameters in
terms of noise perception focusing on differences between
adults and children. Furthermore, it proposes a method to
evaluate binaural psychoacoustic parameters obtained from
measurements during daily activity in educational institu-
tions.
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1. Introduction
In Germany many children already enter educational

institutions at the age of several months. It is well known
that the sound environment in educational institutions has a
higher sound level than in normal family life. A study by
Persson Waye et al. in 2010 [8] showed that the A-weighted
equivalent sound pressure level (LAeq 8h) in preschool en-
vironments of Schweden is mostly in the range of 75-
80 dB(A). Furthermore, Persson Waye et al. stated that indi-
vidual noise exposure levels for children (LAeq = 84 dB) was
significantly higher than for personnel (LAeq = 77 dB). Due
to this fact, a considerable part of children’s development is
happening in educational institutions under noisy environ-
ment. Shield and Dockrell in 2003 [12] gave an overview
on effects of noise influencing children’s development and

educational performance. Therefore, noise assessment and
prevention in pre- and primary school has got a great impor-
tance over the last years.

Established methods for analysing and evaluating noisy
sound environments are using single values like A-weighted
sound pressure level. These methods do not contain enough
information about temporal and spectral characteristic of
the sound environment and how this affects the percep-
tion of a human being. Hence, it is important to con-
sider psychoacoustics parameters, e.g. loudness and sharp-
ness, for analysing the noisy sound environments. Hell-
man and Zwicker [7] showed that the perception of sound
level has an higher correlation to loudness in comparison to
A-weighted sound pressure level. Furthermore, in educa-
tional institutions a higher amount of high frequency energy
is expected since children’s voices are typically higher than
adult’s voices. The psychoacoustic parameter sharpness is
a value which is linked to high frequency components in a
given signal. Hence, sharpness is also an interesting psy-
choacoustic parameter to consider.

However, there was little information about differences
in noise and sound perception by children in comparison to
adults. The work by Prodi et al. in 2007 [10] showed con-
siderable difference in parameters like the interaural cross
correlation (IACC) coefficient and speech transmission in-
dex (STI), if measurements are conducted using a child and
an adult dummy head. Therefore, the author is suggesting to
also include binaural parameters when assessing noise per-
ception of adults and children.

Van Wijngaarden and Drullmann presented the bin-
aural speech transmission index [14]. The calculation
algorithm considered a weighting of different frequency
bands accordingly to speech using interaural correlograms.
Van Wijngaarden and Drullmann showed that this binau-
ral speech transmission index had a higher correlation to
binaural speech perception than the conventional method of
choosing the higher speech transmission index of the left or
right ear, in order to obtain a binaural parameter.

Sivonen developed a binaural summation formula for
loudness [13]. This formula considered a gain of sound level
perception by 3 dB near threshold and up to 10 dB at high
sound pressure levels due to hearing effects when compar-
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ing a monaural and binaural listening situation, which were
examined in former hearing experiments using headphones.

Binaural sharpness was investigated by Fels and Kle-
menz [5]. An arithmetic mean of the sharpness obtained
from the right and left ear was proposed and shows a con-
siderable correlation to perception of sharpness validated in
hearing experiments.

In this paper, a concept to obtain data assessing noise
perception using aurally accurate methods is presented. The
obtained data is used to evaluate two room acoustic parame-
ter (IACC and binaural STI) based on binaural measurement
methods in terms of noise perception of children in com-
parison to adults. Furthermore, a proposal on evaluation of
binaural psychoacoustic parameters (binaural loudness and
binaural sharpness) is given.

2. Concept
2.1. Acoustic measurement

A considerable proportion of noise in educational insti-
tution is caused by children. Due to their activities and con-
versation in classrooms or common areas noise levels can
rise quickly. Therefore, it is proposed to assess the sound
environment in the presence of children.

Recordings are executed with ITA adult dummy head
[11] with Schoeps CMC6 microphones, ITA child dummy
head [6] both developed at the Institute of Technical Acous-
tics in Aachen, Germany and a 1/2” diffuse field microphone
(B&K Type 4134) as a reference. In addition to standard
equipment for recordings, the sQobold by HEAD acoustics
is used simultaneously. All three receivers are positioned
together in the main room of activity to aim at least inter-
ference to daily activities and minimizing risk of injury (cf.
Fig. 2 and Fig. 1). Starting with the daily activity each room
is monitored for up to six hours on two different days each.
On the first day, all dummy heads are positioned in standing
situation and on the second day in sitting or playing on the
floor situation according to the dominating occurrence in the
educational institution. Ear axis and microphone positions
above the floor for each situation are summarized in Table 1.
Only sections of the sound environment recordings with chil-
dren present are considered for evaluation. In the following,
these recordings are referred to as ”in-situ measurements”.

Situation Adult Child Reference

Standing 1.5 m 1.0 m 1.2 m

Sitting 1.2 m 0.8 m 1.2 m

Playing on the floor 0.5 m

Tab. 1. Height of ear axis and reference microphone above the
floor.

It is important that the measurement setup makes sure
that every person in the room, including teachers and educa-

tors, can act as usual and that nobody is restricted due to the
measurement equipment that easily attract children’s atten-
tion. Children have to forget about measurement setup with-
out manipulating the sound level by intention. Positioning
is discussed before with teachers and educators. The study
and the equipment are explained to the children one day be-
fore the measurements starts in each educational institution.
Long-term recordings and covering measurement equipment
with sheets ensure that children forget about the setup after
a while.

Fig. 1. Example of positioning measurement setup in primary
school classroom.

Furthermore, in each educational institution (binau-
ral) room acoustic measurements are executed according
to ISO 3382-2 [4] at precision level. As source, ITA’s 3-
way omnidirectional dodecahedron loudspeaker is used. Si-
multaneous measurements are done with the forehand men-
tioned receivers positioned in standing situation (cf. Table
1). In total, two sources and six receiver positions are mea-
sured for each receiver type. A complete set of room acous-
tic parameters according to ISO 3382-2 [4] and the speech
transmission index according DIN EN 60268-16 [3] norm
are calculated.

Fig. 2. Exemplary setup for in-situ measurements in preschool
school institution (main room).

2.2. Binaural psychoacoustic parameters

The author suggests to evaluate binaural loudness N5
(five-percentile value) and the binaural sharpness as binaural
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psychoacoustic parameters in context to noise perception of
adults in comparison to children.

Binaural psychoacoustic parameters are computed us-
ing the in-situ measurements. To consider unoccupied situ-
ation, data below threshold should be discarded for all five
channels based on the measured sound pressure level of the
reference microphone. The threshold is chosen to the back-
ground noise level during daily activity, concluding in mea-
surement data of three to maximum four hours from each
room of the educational institution is obtained to ensure
comparability. Sharpness S and loudness L for time-varying
signals are calculated for the left and right channel of each
dummy head separately using the HEAD Acoustic software
ArtemiS Suite according DIN 45692 [2] and DIN 45631/A1
[1]. Results of loudness L and sharpness S are exported
to Matlab files where data for left (Lleft and Sleft) and right
(Lright and Sright) ear of adult and child dummy head are com-
bined to calculate the binaural loudness (Lbinaural) and binau-
ral sharpness (Sbinaural).

Binaural loudness over time is computed using the ”6-
dB summation rule” by Sivonen [13] following the equation

Lbinaural = 6 · log2(2Lright/6 + 2Lleft/6). (1)

From each 15-minute time frame binaural loudness is ob-
tained using the geometric mean over the time frame. Bin-
aural loudness values equivalent to zero are discarded.

Binaural sharpness over time is obtained following Fels
and Klemenz [5] using the equation

Sbinaural = (Sright + Sleft)/2. (2)

For every 15-minute time frame a binaural sharpness value
is computed by taking the arithmetic mean over each time
frame.

3. Methods
3.1. Rooms

Five educational institution were selected for this
study: two primary schools (in German: ”Katholische
Grundschule” indicated with ”KGS”) and three preschool
institutions (in German ”Kindertagesstätte” indicated with
”Kita” ). All institution were situated in urban area of
Aachen, Germany. An overview of all selected educational
institutions and rooms is given in Table 2. Volumes de-
noted with ’+’ represents additional volume due to con-
nected rooms, where separating doors were seldom closed
in the presence of children. Furnishing corresponded to
the purpose of the educational institution. An example in
preschool is shown in Fig. 2 and in primary school in Fig. 1.

Institution Year built Room Volume [m3]

KGS Hanbruch 1896 1b 240

KGS Hörn 1950
1b 225

2a 225

Kita Königshügel 2011 Löwenzahn 151+

Kita Pusteblume 2000 Sonnenkinder 154+

Kita Zauberschloss 2005
Sternschnuppe 171+

Wirbelwind 125+

Tab. 2. Overview of selected educational institution and rooms.

3.2. Room acoustic parameters based on binau-
ral measurements

For evaluation, following room acoustic parameters
based on binaural measurements were considered: the inter-
aural cross correlation (IACC) coefficient and the binaural
speech transmission index (binaural STI).

The IACC coefficient was computed following ISO
3382-2 [4] for all position combinations for adult and child
dummy head, resulting in twelve IACC coefficients each.

The binaural STI was calculated accordingly Van Wi-
jngaarden and Drullmann’s work [14]. For this study, the
proposed algorithm was implemented in Matlab and eval-
uating the binaural room impulse responses obtained from
the binaural room acoustics measurements. The same pa-
rameters from [14] were used in this study. Hence, twelve
binaural speech transmission indices were obtained for each
room using adult dummy head and further twelve binaural
transmission indices for child dummy head.

4. Results
4.1. Comparison between adults and children

An analysis of variances (ANOVA) was conducted to
compare the effect of age measured at adult level and child
level on IACC and binaural STI at a significance level of
alpha=0.1.

Fig. 3. Differences between adults and children regarding IACC
and binaural STI.
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For IACC coefficient the ANOVA yielded no signif-
icant effect of age, F (1, 166) < 1. Mean value for
IACC of adults was 0.481 and for children was 0.476 (cf.
Fig. 3 part 1).

There was no significant effect of age for binaural
speech transmission index (binaural STI), F (1, 166) <
1. Mean binaural STI values were almost identical
(Adult: 0.8129 vs. Child: 0.8124). Further details of how
the data of binaural STI values are distributed can be seen in
Fig. 3 part 2.

4.2. Comparison between educational institu-
tions

A significant effect of institution for IACC was found,
F (4, 158) = 13.16, p < .001. Table 3 shows the mean
IACC of adults and children in all five educational institu-
tions. The interaction effect of age and institution was not
significant, F (4, 158) < 1. A non-significant trend to higher
differences between adults and children could be noticed in
KGS Hanbruch (diff=0.0297) and Kita Königshügel (diff =
0.0303). In addition, it could be observed that mean IACC
coefficient was higher for children than for adults in the in-
stitutions KGS Hörn and Kita Zauberschloss (diff>0).

mean IACC

Institution Adult Child diff(Adult, Child)

KGS Hanbruch 0.5328 0.5031 0.0297

KGS Hörn 0.4221 0.4273 -0.0052

Kita Königshügel 0.4967 0.4664 0.0303

Kita Pusteblume 0.5363 0.5346 0.0017

Kita Zauberschloss 0.4785 0.4876 -0.0091

Tab. 3. Comparison of IACC between adults and children in the
different institutions.

The institution effect on binaural STI was also signif-
icant, F (4, 158) = 126.97, p < .001. In Table 4, it can be
seen, that the biggest difference in mean binaural STI was
in Kita Königshügel (diff=0.0141). The ANOVA yielded no
significant interaction effect on age and institution, F < 1.
A non-significant trend to higher mean binaural STI of adults
in comparison to children could be observed in KGS Hörn
and Kita Königshügel.

5. Discussion
In contrary to Prodi et al. [10], results from this study

showed no significant differences in IACC between mea-
surements using adult and child dummy heads. Compar-
ing all institutions a slight tendency could be observed, that
IACC was slightly higher for adults. Though, there was no
clear tendency since the ratio of higher IACC for adults than
children was 3:2. Comparable to IACC no significant effect

mean binaural STI

Institution Adult Child diff(Adult, Child)

KGS Hanbruch 0.8414 0.8428 -0.0014

KGS Hörn 0.7208 0.7149 0.0059

Kita Königshügel 0.8701 0.8560 0.0141

Kita Pusteblume 0.8232 0.8303 -0.0071

Kita Zauberschloss 0.8570 0.8638 -0.0068

Tab. 4. Comparison of binaural STI between adults and children
in the different institutions.

on binaural STI comparing the results based on adult and
child dummy head could be observed with no differences
in mean values. Therefore, it can be assumend that there
is no influence on binaural room acoustic parameters using
aurally-accurate measurement methods.

KGS Hanbruch and Kita Königshügel with higher dif-
ferences in IACC coefficient than other institutions had the
highest and lowest room volume. Due to this fact it could be
assumed that other room acoustic parameters could influence
the IACC coefficient.

6. Conclusion and outlook
The main aim of this investigation was to find a dif-

ference in room acoustic parameters based on binaural mea-
surements (IACC and STI) and to propose a method to evalu-
ate binaural psychoacoustic parameters (loudness and sharp-
ness) using aurally-accurate recording methods in context of
noise perception. Measurements were conducted using adult
and child dummy head with subsequent comparisons of the
results of IACC and binaural STI. For the evaluation of these
parameters binaural measurements from five different educa-
tional institutions were evaluated.

However, room acoustic parameters based on binaural
measurements revealed no significant differences between
the results obtained by using child and adult dummy head.
In future work it is important to investigate whether other
room acoustic parameters, as reverberation time, has an in-
fluence on the binaural room acoustic parameters.

Further steps would also be to obtain binaural psychoa-
coustic parameters from in-situ measurements representing
the real situation from pre and primary schools using the
presented aurally-accurate methods and to evaluate binaural
loudness and binaural sharpness values by adults in compar-
ison to children. These results could be used to investigate
correlation of objective binaural psychoacoustic parameters
with subjective noise perception data by adults and children.
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