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Abstract 
Background and Purpose: Our study examined the effect of ambient noise 
on hearing and school performance in children with hearing loss, and the re-
lationship between hearing loss and cognition. Method: A pilot study in-
volving 728 people (aged 11 to 16 years) was conducted in Kinshasa, Demo-
cratic Republic of the Congo. All participants completed the ENAFEP test, 
the SIFTER short scale, pure tone audiometry, and a three-digit test. Teachers 
and investigators completed a 6-day listening training course. Results: Cor-
relation and structural equation modeling indicated that ambient noise and 
five cognitive domains were associated with hearing in noise, but only un-
measured cognition was associated with hearing loss and poor academic per-
formance. Cognitive compensation significantly reduces communication 
problems and improves concentration and academic performance. Noise and 
deafness had significant and moderate effects on academic performance (r = 
−0.13). Conclusion: The sample size and relatively high participation rate 
meant the study was representative. However, the results showed an associa-
tion between ambient noise, hearing loss and cognition, and reduced school 
performance. Large-scale randomized interventions for hearing loss and 
long-term noise exposure studies are needed to measure cognitive outcomes 
after short- and multi-year noise exposure. 
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1. Introduction 

According to the World Health Organization (WHO) and Le Clercq’s study hear-
ing is important for the proper development of every child, especially those attend-
ing primary school, as it helps in the development of language and speech [1] [2]. 
The schooling and integration of hearing-impaired children into the classes of 
so-called normal primary schools dates back to the 1980s worldwide. But accessibil-
ity is only achievable under certain conditions. The sound environment in schools 
is part of these conditions and is a concern for the public authorities and the teach-
er. A child’s deafness in no way hinders his or her ability to learn [3]. 

Pantomime offers an alternative means of communication. However, several 
studies indicate that hearing loss has a negative effect on school performance [4] 
[5]. The topic of school performance of integrated deaf and hard of hearing 
children has been addressed in the literature and the results are rather mixed [6]. 
A study by Antia, Jones, Reed and Kreimeyer (2009), conducted over a period of 
5 years, showed that 197 deaf and hard of hearing children integrated for at least 
2 hours a day scored above or near average; 71% - 79% of these students in ma-
thematics, 48% - 68% in reading and 55% - 77% in language/writing [2] [6] [7] 
[8] [9]. Studies on the relevant predictive factors of school performance will 
make it possible to consider strategies for improving listening and learning con-
ditions. Noise pollution has been the subject of several studies following the lite-
rature review carried out to date [10] [11]. 

Pujol found in his earlier studies that noise had a negative impact on academic 
performance [12] [13] [14]. The mediation of hearing impairments in the corre-
lation of the three factors of the trilogy of elements to be questioned to improve 
the learning conditions of children in urban areas, which is characterized by the 
noises of road transport, discotheques, outdoor concerts and leisure, providers 
of hearing disorders, has been little documented in sub-Saharan Africa. 

A preliminary study (Tshimbadi et al.) that explores overall the prevalence of 
deafness in schools describes a rate of 1.4% in a population of 2600 students at-
tending a few primary schools globally located in a noisy environment in the city 
province of Kinshasa [6]. This epidemiological study was initiated to present a 
panoramic view of the evolution of school performance under the effect of this 
hearing disability that affects some students in our primary schools, generally 
located near noise sources. 

Specific aims will be to: 
- Assess and quantify the level of noise exposure of 6th primary grade students; 
- Assess their hearing impairments; 
- Determine their academic performance in mathematics and French. 

2. Methods 
2.1. Study Type and Population of Interest 
2.1.1. Study Type 
A cross-sectional and descriptive study for epidemiological purposes in the con-
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text of the covid-19 pandemic [15] is taking place over a period of 19 months, 
from October 2020 to March 2022. 

The Lukunga district that served as a framework for the prevalence of hearing 
loss provided an opportunity for this study. 

The participants were made up of schoolchildren aged 11 to 16 in Kinshasa 
and attending one of the primary schools of the large school complexes border-
ing the main roads, in grade 6 class during the 2020-2021 school year. Students 
who have moved from home since the beginning of the last school year were ex-
cluded from this study. 

2.1.2. Population of Interest 
Investigation Units: 

- Primary Schools that organize the 6th Primary class in LUKUNGA District; 
- The students of the 6th primary class selected and who presented the TENAFEP 

test whose results are available. 
Sampling  
Sample size: 
Using the approximate number formula needed in simple random sampling 

with the proportion of the character that one wants to study unknown in the 
population with desired Margin of Error (d = 1%), at the α threshold of 5%, the 
sample size will be calculated by the following formula. 

n = (Zα/2)2 p (1 – p)/d2 

with p = 15% the prevalence of school-based hearing loss worldwide according 
to WHO, and Zα/2 = 1.96 read in the table of the normal distribution. 

n = 728 individuals to be retained in our sample. 
The draw will be made in two degrees including: 
The first degree will be at the school level, drawing 30 schools on the list of all 

schools in the district per municipality, 3 schools for each of the 10 Provincial 
Pools of the District of LUKUNGA. 

The second stage of drawing will be carried out by simple random sampling 
(proportion method) in the 30 schools, based on the lists of pupils. All schools 
included in the school registers of pupils in the 6th primary year of the year 
2020-2021, which will constitute the sampling frame to draw 24 and 25 pupils 
per school (according to the weighting) from the age of 11 to 16 years (normal 
age group for a child of the 6th primary, which will avoid biases in the interpre-
tation of school results), in order to reach the study sample of 728 students. 

Collection in households will be done only for 5 students per school for in-
formation related to environmental noise in residences for a total of 40 resi-
dences to visit. 

The sample is represented by 586 students (out of 728 students) who attend 
schools where a source of noise has been identified and quantified. 

2.1.3. Confounding Factors  
The confounding factors were collected through a questionary given to the pu-
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pils’ parents by the teachers: including socioeconomic status, family composi-
tion, the main language of communication in the family and the level of study of 
the head of the family. 

2.2. Audiometric Thresholds, Impedancemetry Measurements  
and Hearing Tests in Noise 

2.2.1. Impedancemetry Using (Zodiac 901 Portable Tympanometry,  
Interacoustics, Middelfart, Denmak) 

Impedancemetry (Zodiac 901 Portable Tympanometer, Interacoustics, Middel-
fart, Denmak) include tympanometry and acoustic reflex (AR). The tympano-
metry was performed on variable pressures, ranging from +200 to −400 mm 
H2O. Threshold measures of stapedian acoustic reflex using pure sounds (up to 
100 dB) at 500, 1000, 2000 and 4000 Hz were made in ipsilateral. 

2.2.2. Pure Tone Audiometry  
Using a portable audiometer model AD226 (Interacoustics). It included:  
- Air conduction: auditory thresholds in air conduction have been determined 

on the frequencies of 250, 500, 1000, 2000, 4000 and 8000 Hz; 
- Mild hearing loss has been defined for an average of 20 - 40 dB to 500, 1000, 

2000 and 4000 Hz;  
- It is defined as hidden if it was greater than 20 d B on the high frequencies 

only and for cases with a score < 50% on DTT but with a normal audiogram. 
All tests were carried out in a convenient room on school grounds or at the 

Bondeko Village, Kabambare Centre for the Deaf and Hard of Hearing. Audi-
ometric diagnosis was carried out in air conduction. Tests started at 1000 Hz 
through the right ear (better ear) with an intensity of 40 dB HL. Thresholds were 
obtained using the routine method (Houghton-Westlake method), in steps of 10 
dB in the descending phase and of 5 dB in the ascending phase.  

2.3. Digit Triplet Test (DTT) 

The procedure below corresponds to the telephone version of the test. 
This is an adaptive procedure where the noise is fixed. 
We begin the presentation of the number at −8 dB RSB with a sequence of 

three digits (between 1 to 9) chosen randomly. The listener must then indicate 
his 3 answers via a numeric keypad and the triplet is considered correct when all 
the numbers are well rendered. The speech level is adjusted in steps of −2 dB 
RSB if the triplet is correct and +2 dB RSB if the triplet is false. A total of 27 trip-
lets are presented in each test. 

The result is given by the RSB Average of the last 22 iterations (including the 
RSB adjusted after the 27th presentation). 

2.4. Assessment of Academic Performance and Educational  
Cognitive Risks 

1) Inspired by the Belgian and French education system and also following the 
protocol adopted by Pujol in Bésançon, since 1968, in the Democratic Republic 
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of the Congo, the national standardized assessment test, the national primary 
school leaving test (TENAFEP) has made it possible to evaluate the national cur-
riculum in geography, civic education, health education, anatomy, botany, phys-
ics, zoology, French and mathematics, of students at the primary level, in the 
sixth 6th grade. The ENAFEP test is intended to assess the knowledge acquired 
in primary school and to guide the student in secondary studies. In August 2021 
instead of June, Inspectors from the Ministry of Primary and Secondary Educa-
tion monitor examinations to prevent frauds and pupils are grouped into pools 
in compliance with barrier measures. Indeed, the particular circumstances re-
lated to the COVID-19 pandemic have forced the Ministry of Primary, Second-
ary and Technical Education (MEPST) to extend the school year. The French 
exams consisted of reading, dictations and grammar. The mathematics exams 
were composed of metric system, geometry, problem solving, multiplication and 
division. The marking of the examinations is ensured by the teachers of other 
classes, who do not know the pupils, under the supervision of the inspectors. All 
results are expressed as a percentage and the overall score in mathematics, 
French and general culture was used for statistical analyses. 

2) The verbal comprehension index and the SIFTER questionnaires in 15 
items made it possible to achieve the different scores of cognitive processes for 
each student. 

2.5. Noise Exposure Assessment 

According to the provisions of the WHO and the American Institute of Envi-
ronmental Health, the qualification of the source and level of noise exposure was 
evaluated by a direct evaluation measurement using the Trotec sound level me-
ter, with the software of the same name in 2017 version. Information on the res-
idence and the exact address of each pupil’s residence was collected using the 
information provided by parents on the standardized questionnaires given by 
the teachers. Exposure levels were identified and indicated according to 4 indi-
cators based on the equivalent level and the relevant period of day or night, 
namely: LAeq in dBA; Lden; LNight; LDay. The average in LAeq on the façade of 
the school and each residence was considered for the analyses. 

2.6. Data Processing 

According to the National Statistics Institute of the Republic of Congo, socioe-
conomic status is divided into 4 levels, defined by monthly income: level 1 ordi-
nary and unemployed workers; level 2 middle managers; level 3 = directors; level 
4 = business leaders and political leaders. 

2.7. Statistical Analysis 

The association between quantitative variables was assessed using Pearson’s cor-
relation of sound level and academic performance, and the multi-level linear re-
gression models were used. 

Variables associated with academic performance with p ≤ 0.2 in the univariate 

https://doi.org/10.4236/ijohns.2022.115026


I. M. K. Nsapu et al. 
 

 

DOI: 10.4236/ijohns.2022.115026 247 Int. J. Otolaryngology and Head & Neck Surgery 
 

analysis were then included in the multivariate analysis using a phase-out procedure. 
Structural equation modelling was further used to simultaneously test the ex-

istence of relationships between hearing loss, performance, cognition and noise 
in a sequence of several models, described in the results. 

Adjustment statistics (RMSEA, CFI, TLI) and standardized regression were 
reported for each model. 

A positive sign means that the probability of the categorical dependent varia-
ble (e.g., category 1 for a 0/1 variable) was increased when the value of the pre-
dictor increased. A greater amplitude means that this probability is higher. 

The threshold considered for statistical significance was a p-value of 0.05. 
Software was used to perform the analyses using structural equation modelling: 
ATEC V1.6. and SPSS. 

3. Results 

Out of 587 (80.19%) schoolchildren were included in this study of 728 school-
children for gender, age of schoolchildren, socioeconomic status of parents, 
prevalence of hearing loss 16%, housing type also analyzed and education level. 
The mean age was 12.6 years (±2.7, 11 - 16), and 44.5% were female (Table 1, 
Table 2). Age of school-age children, socioeconomic status of parents (Table 1), 
residence and education level were also analysed (Table 1). 

The gender shows that there is a sex ratio of 1.21, the poverty index reflects 
the socio-economic status of parents (Table 2). 
 

Table 1. Characteristics of participants. 

Manifest Variables 
Auditory Thresholds  

dB (SD.) 
Asym 

mean/dB (SD) 
11 Y 12 Y 13 Y 14 Y 15 Y 16 Y Total 

 1 kHz 4 kHz         

Hidden HL symmetric 17.6 (4.0) 15.3 (2.0) 4.7 n = 13 21 15 13 17 8 87 

Hidden HL Asymetric 16.2 (4.9) 14.2 (3.2) 15.5 8 6 5 7 4 5. 36 

Symmetric mild HL 26.4 (5.6) 25.7 (4.4) 4.7 7 6 6 3 4 1 26 

Asymmetric mild HL 26.5 (6.2) 26.0 (4.5) 22.1 4 2 3 2 4 2 17 

Normal Audition 8.3 (4.7) 6.1 (3.8) 3.5 74 101 87 116 112 66 562 

Total number of children    102 135 121 142 141 83 728 

% Hidden HL    19.7% 19.3 16.5 14.5 14.9 16.9 16.8 

% Light HL    10.8 5.6 7.4 3.9 5.7 3.0 6.0 

 
Table 2. Participants in the study sample compared to data on gender and socioeconomic status. 

CATEGORIES Man Female 

Sex % 55.5% 44.5% 

Socio-economic status (Poverty index) −1.1 (2.9) 0.7 (4.2) 
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Key indicators of noise exposure in student dormitories 
Students’ exposure levels (Lden) during the morning session ranged from 39.8 

decibels to 89.2 decibels, with an average of 56 decibels. During the afternoon 
session, the sound pressure level fluctuated between 47 dBA and 98 dBA. Resi-
dential nighttime exposure levels (Lnight) ranged from 57 dBA to 98 dBA, with 
an average of 64.2 dBA. The correlation coefficient between home and school 
exposure was between r = 0.10 and 0.13. 

School Performance, Cognitive and Hearing Loss 
As shown in Table 1 and Figure 1, there were significant differences in 

communication and attention between normal-hearing students and hearing- 
impaired students. However, the differences between conductive hearing loss 
and sensorineural/hidden hearing loss were significant according to academic 
performance. 

Exposure-Responses between Noise and School Performance 
Considering reflexive model (mathematic, French, average score) and recur-

sive model (source, type, level, PTA, DTT, behaviours, attention, memory, 
communication) measurement models were used according Lden, Lnight, LAeq, 
and confounders to assess the correlation between noise and school perfor-
mance. 

Figure 1 represents the relation between 4 latent variables, audition, cogni-
tion, noise and school performance. 11 manifest variables explain the level for 
overall measurement. 

Model 1 RQMEA = 0.068 (90% CI: 0.066, 0.069) RMSEA probability ≤ 0.05 = 
0.000 IAC = 0.805; ITL = 0.0659); 

 

 
Figure 1. Structural equation models (SEM) of standardized regression coefficients between hearing, 
cognition, noise, age and socioeconomic status (not shown). 
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Model 2 RQMEA = 0.038 (90% CI: 0.037, 0.39) Probability RQMEA ≤ 0.05 = 
1.000 ITL = 0.884, IAC = 0.946; 

Model 3 RQMEA = 0.036 (90% CI = 0.035, 0.037) Probability RQMEA ≤ 0.05 
= 1.000 ITL = O.877, IAC = 0.951. 

The parameters and the different evaluation indicators of the other models are 
not displayed. 

***p < 0.002, *p < 0.05.  
Model 1: hearing-academic performance;  
Model 2: hearing-cognition-school performance;  
Model 3: hearing-noise-school performance;  
Model 4: noise-hearing-school performance;  
Model 5: noise-cognition-performance-school performance;  
Model 6: hearing-sex, age, SES-performance. 
Models with structural equations consisting of a system of equations 

represented as an oriented graph, the nodes represent the variables as a square or 
rectangle for the manifest variables and as a rondo or ellipse for the latent va-
riables, the arcs model the causal links. 

MODELING 
This modeling pursues exploratory rather than confirmatory goals. Scoring 

models are also listed in the table above. Each manifest variable is associated 
with a latent variable, and 3 latent variables are correlated with each other. Mod-
el1; by including background noise, hearing loss remained significantly asso-
ciated with lower school performance (Figure 1). Fit statistics for the model 
suggest that the model does not satisfactorily explain changes in school perfor-
mance. In Model 2, cognitive ability was associated with better academic per-
formance for the same hearing loss (Figure 1). The effect of hearing loss on 
school performance remained significant, suggesting that the effect of hearing 
loss on school performance was only partially mediated by better cognitive abili-
ties. Environmental noise was associated with poorer school performance and 
poorer hearing (Model 3), but cognitive performance was less correlated with 
noise levels (Figure 1). The effect of cognition on academic performance was 
partially mediated by noise, but was still a significant direct effect. In Model 4, 
noise and hearing loss were significantly associated with poor academic perfor-
mance (Figure 1). The effects of noise and bad behavior were associated with 
lower academic performance. The effect on cognitive performance was not asso-
ciated with mathematics academic performance, but was associated with lower 
noise levels and better academic performance. Fit statistics without the Tucker 
Lewis Index (TLI) indicate that models 2 through 4 represent the data well. 
Models 3, 4, and 6 have alternative measures for sensitivity analysis of noise 
sources and confounders (Figure 1). 

4. Discussion 

This study provides an opportunity to characterize mild, moderate, and hidden 
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hearing loss in children aged 11 to 16 years associated with below-average audi-
tory perception. Furthermore, for cognitive function, it was found that the 
greater the hearing loss, the greater the negative regression the same in Mathias 
study. Speech perception in noise using DTT and cognitive performance as-
sessed using SIFTER were also the most impaired skills like in Lieu considering 
unilateral hearing loss. Overall, the prevalence of mild, moderate, and recessive 
hearing in children in the study population was 15.9%, supporting the findings 
of Emilija M Zivkovic Marinkov. This phenomenon gradually negatively affects 
school performance on ENAFEP tests and SIFTER scores, especially with regard 
to communication and attention problems; several longitudinal studies have 
confirmed this relationship [16] [17]. 

Linear exposure-response relationships were found between school exposure 
to ambient noise and lower scores on French and math tests. Inverse associa-
tions between home exposure to ambient noise, hearing thresholds, and signifi-
cant boundaries between children’s performance were also highlighted in results 
in French, but not in mathematics, as in Pujol et al. study. Few studies have ex-
amined the effects of typical exposure to both household and school environ-
mental noise on the academic performance of hearing-impaired children in rela-
tion to these noise levels typically encountered in residential areas [16] [18]; to 
date, no studies have been conducted in Kinshasa any research. To describe 
school performance, according confounder factors, the studies were also con-
ducted using real-world questionnaires for parents and teachers. Considering 
the socioeconomic status of parents as a confounding factor and joining Mathias 
B., this study confirmed the phenomenon on school performance. 

As in most cases, we found that it is difficult to determine the exact level at 
which decline begins and highlights the variability in the tone of body intensity 
in the relationship between cognitive indicators and academic performance [19] 
[20]. 

Participation in this study was high, especially in schools in disadvantaged 
communities, due to teacher involvement and student support. The population 
for this study was geographically distributed in the Lukunga Education Zone, 
thus making it possible to consider children in their plural diversity. Children 
were not pre-selected on the basis of normal hearing as in previous studies, 
avoiding pre-selection bias [19] [21], and no children were found to have special 
needs in terms of hearing loss at the time of enrolment. To add to Pujol and take 
into account that TENAFEP’s assessment tests are based on knowledge acquisi-
tion from previous school years, and to ensure that estimated exposures do not 
reflect current and immediate conditions, only children who had not changed 
place of residence in the last 2 years. 

In addition, sound intensity levels were measured for 14 days during the dry 
season to avoid contradictory effects of meteorology and other accompanying 
phenomena. We found that the average overall student percentage in the Lu-
kunga district is comparable to other educational districts in the city of Kinsha-
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sa. To avoid situations of fraud and corruption, teachers are told that we only 
consider results before consultation, as known the consultation can be subjec-
tive.  

In contrast to this study, according to Pujol, some authors assessed levels and 
rated children in quiet conditions to ensure that the observed noise effects were 
due to chronic and non-transient exposure during the test period [19] [20] [21]. 
Some authors also measured internal or external noise levels during testing in 
order to adjust noise levels during analysis. A previous study involving adjusting 
test results for noise levels recorded during exams found no significant effect 
[17]. 

Compared to Pujol (using GPS), we used a very similar approach to exposure 
assessment to provide personal information on noise exposure, and Frédéric 
Mauny et al physically identified sources of noise pollution in the Lukunga dis-
trict. 

Since public school enrollment does not depend on a student’s residential ad-
dress, it is reasonable to assume that a child who changes residence will not 
change school. This analysis was carried out to examine school and individual 
outcomes, especially given the socioeconomic characteristics of the family and 
the educational level of the parents, which are complemented directly by the 
child’s family. When assessing the auditory and cognitive effects associated with 
noise exposure, we took into account that students spend most of their evenings 
at school and at home. The effects of daily exposure to school noise are now well 
documented. In our research, we confirmed the effects of bar noise and road 
traffic noise. Household exposure to bar noise has been found to be associated 
with effects on school performance, considering the TENAFEP. 

The studies we reviewed previously only assessed noise exposure in homes 
and schools near high-intensity sources, with the exception of the study by Pujol 
et al., which examined road traffic noise exposure in central Besançon. However, 
the strong correlation between noise levels in bars and church services in homes 
and schools could explain our results. The current study appears to suggest a 
link between TENAFEP scores and sacred music, albeit only at one significant 
level. In our education system in the DRC, students with learning difficulties can 
stay in school for a year to fill in the gaps and reinforce the skills they have 
learned.  

Recidivism rates were assessed by comparing the participating cohorts of 11- 
and 13-year-olds with the expected age of children in upper elementary school. 
Doubling children tended to live in slums, noise exposure had a lower correla-
tion with TENAFEP scores, and age matching led to overfitting. The use of dif-
ferent noise indices in previous studies to quantify children’s noise exposure, 
and the consideration of combined noise sources versus individual noise sources 
and different times of day, made comparisons between studies difficult (PUJOL). 

In this study, we used the “exposed or not” source as a tool in the section en-
titled “noise exposure in children”. On average, noise exposure in dwellings was 
much higher than reported by Lercher et al. (24) but lower than rush hour stu-
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dies on major European roads [5] [8] [22]. Despite the motorcycle noise, the ad-
ditional burden of road traffic noise is not highlighted. However, based on some 
studies on ambient noise, noise exposure in schools does not appear to support 
an association between noise exposure and poor academic performance [9] [23]. 

Schoolchildren with hearing loss and in a hostile sound environment face an 
excessive set of challenges related to multiple disabilities, including cognitive 
disability. The association between noise pollution and hearing loss even at mild 
levels or even hidden hearing loss shows cognitive interference on school per-
formance outcomes; of speech and language difficulties, academic results and 
behavior, in order of importance (according to the results as reported by 
SIFTER) [24]-[29]. Where cognitive impairment and hearing loss or hearing loss 
and environmental noise were associated, the result was more cumulative than 
simply “additive” [30] because the presence of a disability reduces the potential 
for compensation due to the presence of one or more additional disabilities [31]. 

Although the prevalence of hearing loss in the general school population is 
about 0.05% according to some authors [32] and 2% to 17% in this study and 
other researchers, hearing loss has been reported in the population of students 
exposed to noise, up to 6% to 8%, the range in which the present study overlaps 
[25] [27]. Boosting our understanding of the presumed unresolved effect of re-
duced school performance and hearing loss for children in noisy environments 
due primarily to music, is an important first step towards identifying strategies 
and services that can help students with known hearing loss maximize their aca-
demic performance and cognitive performance (language communication, in 
attention and academic results).  

The WHO estimates that about 45,000 disability-adjusted life years are lost 
each year in high-income Western European countries for children aged 7 to 19 
due to their exposure to ambient noise. Mechanisms thought to explain the ef-
fects of noise on children’s cognition include communication difficulties, im-
paired attention, increased excitement, incompetence to learn, frustration, noise 
discomfort, and the performance consequences of sleep disturbances [33] [34]. 

Previous studies have also suggested stress-related psychological responses as 
a mechanism because 11-year-olds are less equipped in assessing stressors and 
have less well-developed coping strategies than 16-year-olds [33].  

This mechanism may explain the phenomenon observed in this study where 
the age group of 11 years was found to be more affected in terms of hearing. We 
also found that areas with high environmental noise levels are socially disadvan-
taged, and children in socially severely deprived areas scored worse on cognition 
and TENAFEP tests than children in SES categories 1 and 2. Therefore, meas-
ures to assess the socio-economic situation of parents should be taken into ac-
count in assessing the associations between noise exposure and health and cog-
nition. 

As in the present study, several studies have also shown that exposure to am-
bient noise has a negative effect on children’s school performance and cognitive 
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performance and that children chronically exposed to high-level noise, from 
road traffic or places of worship and bars at school and at home perform worse 
on the national standardized TENAFEP tests than children who are not exposed 
to noise at school [35].  

Many studies have examined the exposure-effect links between noise exposure 
and cognition to identify the level of exposure at which the deleterious effects of 
noise begin [36] [37]. 

The RANCH study of children aged 9 to 10 years attending 89 schools lo-
cated around ambient noise sources showed a linear exposure-effect relation-
ship between noise exposure at a level of 67 dB A at school and a child’s reading 
comprehension and recognition memory after adjusting for a range of socio- 
economic factors [37] [38].  

This average is very close to the one we found around homes. As shown by 
Mathias B., at an LA eq day, a 5 dB increase in exposure to high-intensity noise was 
associated with a 2-month delay in reading age in children in the United King-
dom and a 1-month delay in those in the Netherlands [39]. These linear associa-
tions suggest that there is no threshold for effects and that any reduction in noise 
levels at school should improve cognition, reduce stress and reduce the preva-
lence of hearing impairment in children. 

The WHO Guidelines on Noise in the Community [38] suggest that the back-
ground sound pressure level should not exceed LAeq 35 dB during teaching ses-
sions. We found that the level of noise in school places were above this level. 
Studies on research and natural experiments have shown that reductions in 
noise exposure by isolating or closing sources of noise pollution are associated 
with improvements in cognition and school performance, suggesting that noise 
reduction may eliminate the deleterious effects of noise on cognition, school 
performance and hearing [40] [41].  

The impact of hearing loss on academic performance can be controlled and 
addressed with an appropriate overall prevention program, particularly hearing 
tests for students with poor academic performance [15] [42]. 

5. Conclusions 

This study presents a methodological proposal for implementing a representa-
tive indicator of the health hazards of noise pollution in urban areas. This ap-
proach has limitations and uncertainties, but has the advantage of providing 
health information from acoustic data. 

Exposure to ambient noise from 39.8 Lden dBA at school and at home was 
independently associated with decreased performance before and after noise ad-
justment. The impact of ambient noise on target elements can be estimated by 
longitudinal studies. For large exposed populations, consideration needs to be 
given to the extent to which environmental noise and hearing loss affect aca-
demic performance and risk of cognitive deafness. 

Finally, if we are interested in “true” noise exposure (i.e. the amount of noise 
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absorbed in 24 hours), we should be concerned with noise levels and perception 
of noise while driving, at school, at home and at leisure. Mild hearing loss affects 
learning. The impact of performance can be controlled and addressed with an 
appropriate and comprehensive hearing screening program. A hearing test is 
strongly recommended for every child, especially those who do not perform well 
in school. 

6. Limitations 

However, as with previous studies on the effects of ambient noise on children’s 
cognition and academic performance, limitations of this study include a lack of 
classroom or home acoustic assessments. Another limitation of this study is the 
lack of adjustment for children’s health. 
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