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ABSTRACT 

The quality of the acoustic environment is essential to foster learning as students learn by 
listening to the teacher. Prolonged exposure to noise during critical learning periods at school 
can impair development and have a lifelong effect on academic achievement. This is why the 
problem of noise is of concern in learning environments such as schools. Poor acoustic quality 
leads to increased cognitive effort that is associated with greater difficulty in processing and 
remembering information in the short and long term.  
Preliminary results from the administration of neuropsychological tests under quiet and noise 
conditions only partially supported the hypothesis that noise negatively impacts children's 
cognitive performance. In fact, only in one of the two monitored schools the children's 
performance was affected by the presence of noise during the execution of the tests. In this 
paper, new results obtained from the correlation between the acoustic parameters and the 
children’s responses to the cognitive performance are presented to confirm the validity of the 
hypotheses.  
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1.  INTRODUCTION 
The impact of noise has been widely explored with regard to hearing and the ability to 
concentrate, but we often neglect its impact on cognitive functions [1]. Recent research has 
shown that noise exposure can affect cognition, causing annoyance, perceptual disturbances, 
and decreasing concentration, productivity, and executive [2]. 

Impairment of complex cognitive skills, such as reading, writing, and mathematics due 
to noise, can be attributed to the impairment of basic abilities such as working memory, 
attention, and inhibition, which are crucial for such tasks [3]. In children, because they have 
not yet fully developed the cognitive skills and adaptive strategies to counter the effects of 
noise, noise exposure can have long-term effects on health and school performance [4]. 
Despite the fact that World Health Organization-recommended limits for classroom acoustics 
have been established, many schools fail to meet them [5]. Even when efforts are made to 
improve the environment, it is difficult to reduce the effects of noise caused by student 
conversations and classroom activities. Therefore, it is essential that during the frontal lecture 
the classroom ensures clear understanding during the teacher's verbal interaction, while 
during individual student work it provides a quiet environment that promotes concentration, 
minimizing as much as possible the noise caused by other students' conversations so that it is 
not intelligible [6]. 

The results we had found were partially in line with the hypotheses that babble noise 
has negative effects on children's cognitive performance [7]. In fact, despite the use of a 
babble noise with the addition of transient events, which was expected to be more disruptive, 
improved performance under the noise condition in tests of attention and inhibition was 
observed [8]. 

In this study we report the results of a new campaign of administering tests to fourth 
graders performed in a counterbalancing manner to the noise conditions of the previous 
measurement campaign in order to confirm or not the hypothesis that the children may have 
developed more effective compensatory strategies due to their regular exposure to 
unfavorable noise conditions and in order to resolve the methodological shortcomings 
present in the previous study. 
 
2.  MATERIALS AND METHODS 
 
2.1. Participants 
A total of 92 fourth-grade children aged 9-10 years (mean age 9.45, 63.04% female) from four 
classes (A-D) of a primary school in the province of Padova, Italy, participated in the study.  

Children were tested in the same period of two different school years. Two classes, A 
and B, in school year 2022-2023, and two classes, C and D, in school year 2023-2024). None of 
the children had been diagnosed with cognitive, learning, or sensory disabilities and all 
parents signed an informative consent for their children to participate in the study.  

The study was approved by the Ethics Committee of the Human Inspired Technology 
Research Centre – University of Padova (protocol number 2020_92R1). 
 
2.2. Acoustic and environmental measurements 
Values of temperature, relative humidity, CO2 concentrations and illumination are acquired 
while performing cognitive tests. Similarly, noise levels per second (LAeq1s) are also acquired 
using a Class 1 sound level meter. 

Acoustic measurements were taken in each classroom under unoccupied conditions to 
determine Reverberation Time (RT), Speech Transmission Index (STI) and Ambient noise 
level with closed windows LAeq and RT and STI measurements are made following the 
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guidance on source placement and microphone positions given in 11532-2 [9] and ISO 3382-2 
[10]. 
 
2.3. Children’s Cognitive measurements 
Participants underwent neuro-psychological assessments using the CoEN App [11] to assess 
the primary cognitive functions: working memory, attention, and inhibition. In Table 1 the 
main characteristics of the tests administered are reported. 

These tasks were performed during school hours, divided into two sessions: one carried 
out in a quiet environment and the other in the presence of noise. To mitigate the potential for 
a training effect, the two sessions were carried out at least 2 weeks apart. 

The quiet condition simulated the usual acoustic environment of the classroom during 
individual tasks. The noisy condition replicated the background noise often encountered in 
classrooms, incorporating multitalker babble noise along with intermittent transient sounds 
(i.e., door slamming, knocking on the door, ambulance siren sound, etc.). The signal is emitted 
by a Talkbox positioned at the teacher desk, from which the sound power level in the 
reverberation chamber was measured by comparison with a reference sound source. This 
was done by performing 6 measurements at a distance of 50 cm arranged in a circular 
configuration, following the methodology outlined in ISO 3747 standard [12]. 
 
Table 1: List of cognitive tests administered to children and description of Executive functions 
(Efs) investigating. 

Test Cognitive 
function 

(EFs) 

Description of EFs Type of 
check 

Digit Span Test (Forward 
and Backward) 

Verbal 
working 
memory 

Ability to hold verbal information 
in mind for short periods and 

utilize it effectively. 

Number of 
correct 

responses 
Visual Attention Test 

from NEPSY-II [13] and 

WISC-IV [14] 

Selective 
attention 

Ability to filter incoming 
information and focus attention 
solely on what is relevant to the 

task or goal. 

Ratio Right / 
wrong 

responses 

Cognitive Inhibition Task 
[15] (Congruent, 

Incongruent and Mixed) 

Inhibition Ability to control one's impulses, 
behaviors, or thoughts to adapt to 

demands. 

Number of 
correct 

responses 
 
3. RESULTS 
 
3.1. Acoustic and environmental measurements 
The classrooms of the school whose results are reported are located in an urban residential 
setting with low traffic intensity. In fact, from the measurements taken, an unoccupied school 
in ordinary condition of external traffic noise, an equivalent level, LAeq<30 dB(A) was 
observed. 

By comparing RT and STI, with the octave band reference values given in UNI 11532-2, 
it was identified that no classroom meets the requirements of the standard. See Table 2. 

Table 3 e Table 4 present the values of Sound Equivalent Level, SEL, calculated from the 
LAeq,1s levels acquired during in the test sessions and the average values of the measured 
environmental parameters. The signal to recreate the noise condition is emitted with a sound 
power Lw=76.0 dB(A). 
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Table 2: Volume and values of measured Reverberation Time (RT) and Speech Transmission 
Index (STI) in classes. 

Class Volume 
[m3] 

RT 
[s] 

STI 

A 142 1.55 0.56 
B 140 1.36 0.54 
C 140 1.55 0.55 
D 140 1.54 0,54 

 
Table 3: SEL values across acoustic conditions. 

Class SEL 
[dB(A)] 

SEL 
[dB(A)] 

SEL 
[dB(A)] 

 “Quiet” “Noise”  

A 92.4 105.0 12.6 
B 88.5 101.5 13 
C 88.6 102.5 13.9 
D 92.8 104.8 12 

 
Table 4: Mean values and standard deviation of Temperature, Relative Humidity, CO2 
concentrations and Illuminance levels across acoustic conditions. 

 Temperature 
[°C] 

Relative 
Humidity [%] 

CO2 concentrations 
[ppm] 

Illuminance [lux] 

Class “Quiet” “Noise” “Quiet” “Noise” “Quiet” “Noise” “Quiet” “Noise” 
A 18.9 

±0.03 
20.0 

±0.12 
43.3 

±1.00 
36.9 

±0.45 
1865 

±197.79 
1714 

±122.35 
85 

±47.33 
251 

±177.22 
B 20.0 

±0.06 
20.0 

±0.05 
56.2 

±0.83 
52.1 

±0.40 
2479 

±239.16 
1895 

±64.42 
548 

±1088.40 
455 

±191.08 
C 15.5 

±0.33 
21.0 

±0.54 
68.8 

±1.58 
67.1 

±1.92 
1498 

±226.45 
3480 

±229.4 
185 

±30.07 
303 

±124.10 
D 18.1 

±0.43 
19.7 

±0.57 
71.3 

±1.82 
68.6 

±1.87 
4296 

±311.79 
1498 
±71.1 

386 
±272.91 

218 
±42.47 

 
3.2. Children’s Cognitive measurements 
In classes A and B, tasks were administered first in quiet in both classes and then with noise, 
whereas in classes C and D first in noise and then in quiet.  

Observing the mean scores obtained, there was higher performance when administering 
the tests in the second session. This occurred with noise for classes A and B, and under quiet 
conditions for classes C and D. The order of test administration, mean value and standard 
deviation are reported (Table 5). 

However, analyzing the results obtained in the tests by including all tested classes (A, B, 
C, and D) from the t-paired test showed no significant differences between the tests 
performed in quiet condition and in noise. P-value lower than 5% has been considered to 
evaluate the statistical significance level on the cognitive performance. See Table 6. 
 
 
 
 



Proceedings of INTER-NOISE 2024 
 

Table 5: Children's performance on the CoEN tasks across acoustic conditions – classes A and 
B and C and D.  

 Classes A-B (n=43; 28 girls) Classes C-D (n=49; 24 girls) 
 “Quiet” “Noise” “Quiet” “Noise” 

Order of test 
administration 

1st  2nd  2nd  1st  

Variable Mean SD Mean SD Mean SD Mean SD 
Digit Span Forward  5.65 1.84 5.91 1.58 6.64 1.64 6.32 1.52 

Digit Span Backward  5.29 1.96 5.53 2.12 5.98 2.01 6.13 1.81 
Visual attention  13.16 13.59 18.29 8.73 18.51 11.81 14.60 8.81 

Cancellation  18.92 15.04 26.87 9.44 25.91 8.95 21.43 8.92 
Cognitive inhibition – 

Congruent  
18.45 3.60 18.50 3.69 18.74 3.36 19.11 2.92 

Cognitive inhibition – 
Incongruent  

13.92 8.38 18.24 4.08 17.81 4.92 16.19 7.27 

Cognitive inhibition – 
Mixed  

15.47 4.55 16.45 4.45 17.36 2.90 17.47 2.81 

*p<.05; **p<.01; ***p<.001 

 
Table 6: Children's performance on the CoEN tasks across acoustic conditions – all classes 

 (n=92; 52 girls) 
 “Quiet” “Noise”  

Variable Mean SD Mean SD t 
Digit Span Forward  6.16 1.83 6.11 1.55 0.230 

Digit Span Backward  5.66 1.99 5.82 1.97 -0.735 
Visual attention  15.84 12.93 16.42 9.01 -0.447 

Cancellation  22.25 13.09 23.45 9.41 -0.817 
Cognitive inhibition – Congruent  18.55 3.48 18.82 3.32 -0.537 

Cognitive inhibition – Incongruent  16.46 6.50 17.07 6.18 -0.813 
Cognitive inhibition – Mixed  16.66 3.79 17.14 3.49 -1.504 

*p<.05; **p<.01; ***p<.001 

 
4.  DISCUSSION 
From the measured values of temperature, air humidity and illumination in the four classes, it 
is possible to see that the results are similar in the two acoustic conditions considered, so 
their effect in cognitive abilities can be neglected. However, by looking at the CO2 
concentrations, although high in each class and in both acoustic test conditions, it is possible 
to see a counterbalance between the two sessions in all classes. 

In classes A and B, where both were tested first in quiet and then in noise, it has been 
observed that performance improves under noise condition. However, in classes C and D, 
where both performed first in noise and then in quiet, performance improved in quiet 
condition. The increased performance in the noise condition for classes A and B and in the 
quiet condition for classes C and D thus seems to be attributable to the increased familiarity 
with the tasks during the second session.  

Analyzing the results overall by including all classes together, no significant differences 
emerged in any of the types of tests administered. 

Comparing the results of this study with those obtained in the previous research [8], 
where the same methodology was used, but with the difference that the classrooms in the 
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school analyzed had arrangements for acoustic improvement of the classrooms (RT=0.51s 
and RT=0.49s), we observe that the findings are  consistent with a previous research [16]. In 
fact, in babble noise sessions, a worsening of the visual attention test and to a higher 
perception of cognitive fatigue was obtained among children [8]. 

Since no significant differences in performance between quiet and noise were observed 
in classes A, B, C and D despite the use of more disruptive noise (babble noise with 
intermittent transient noises) compared to a babble noise, and considering that the acoustic 
characteristics of the classrooms do not meet the standards required by regulations, unlike 
the classrooms analyzed in the previous study where a negative influence was found in the 
noise condition despite the use of babble noise, this suggests that contextual factors, as an RT 
outside the limits of compliance required by regulations, could play a role in modulating the 
impact of noise on cognitive performance. Prolonged exposure to unfavorable acoustic 
environments might have induced the development of compensatory mechanisms to mitigate 
noise disturbances.  

The study provides interesting insights into the effects of noise on children's cognitive 
performance. While counter-balancing the acoustic conditions of test administration led to 
the observation that there were no significant differences between task performance in quiet 
or noise to task familiarity, it may indicate that the unintelligible nature of the signal may not 
be so disturbing as to induce a modification in performance. 

One of the future prospects of this study will be to perform further analyses on the 
interindividual variability of the test subjects. Additionally, try to analyze the effects of 
different types of noise. 
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