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Abstract
Objectives  The primary objective of the current study was to evaluate the correlation between noise-induced 
annoyance and the cognitive performance within the Lebanese adolescent population and the moderating effect of 
psychosocial work aspects-namely effort, reward, and overcommitment- in this association.

Methods  An anonymous online survey was conducted in Lebanon between April and May 2023, using a snowball 
sampling technique and distributed across various social media platforms, to gather data from Lebanese adolescents. 
The sample was composed of 1269 adolescents. Participants voluntarily completed a self-administered Arabic 
questionnaire that consisted of a sociodemographic section and implemented three scales: Noise Annoyance scale, 
Effort-Reward in school scale, as well as LEAF scale.

Results  The moderation analysis findings revealed that at low levels of effort, higher noise annoyance was 
significantly associated with worse memory function (Beta = 0.94; p =.002) and mathematics skills (Beta = 0.40; p =.002), 
whereas at low (Beta = 0.49; p <.001) and moderate (Beta = 0.29; p =.001) levels of effort, it was significantly associated 
with worse sustained sequential processing. At low and moderate levels of reward, higher noise annoyance was 
significantly associated with worse attention (Beta = 0.48; p <.001 and Beta = 0.20; p <.031 respectively), sustained 
sequential processing (Beta = 0.43; p <.001 and Beta = 0.22; p =.013 respectively) and working memory (Beta = 0.47; 
p <.001 and Beta = 0.28; p =.002 respectively). At low levels of reward, higher annoyance was significantly associated 
with worse memory function (Beta = 0.82; p =.007), processing speed (Beta = 0.38; p =.001) and mathematic 
skills (Beta = 0.28; p =.026). Finally, at low and moderate levels of overcommitment, higher noise annoyance was 
significantly associated with worse factual memory (Beta = 0.49; p <.001 and Beta = 0.25; p =.005 respectively), worse 
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Background
Environmental noise has garnered considerable recogni-
tion as an omnipresent unwanted sound, an archetypical 
environmental stressor that threatens individuals as well 
as public health [1, 2]. As a result, noise was included as 
a primary concern on the World’s Health Organization’s 
(WHO) register of environmental stressors [3]. Annoy-
ance was found to be the most frequent subjective reac-
tion within a population subjected to ambient noise [4, 
5]. It is generally believed that noise-induced annoyance 
arises from its interference with daily activities, com-
munication, cognitive processes, and sleep patterns, 
potentially coupled with negative responses including 
mild anger, fear, and stress-associated reactions [4, 5]. 
In accordance to Lazarus’ transtheoretical stress model 
[6], stress emerges as a result of a person’s incapacity 
to effectively address environmental challenges, which 
exceed the scope of his accessible resources. Undoubt-
edly, observational and experimental studies have dem-
onstrated that noise can evoke extra-auditory effects [7], 
including stress reactions that activate the autonomic 
and endocrine system [8, 9]. Noise annoyance is widely 
perceived to be a stress reaction to ambient noise [5, 6, 
10], an indicator of the distress and unease triggered by 
noise exposure, exerting a significant impact on men-
tal health [11–13]. A comprehensive analysis, presented 
through a systematic review of the WHO’s recommenda-
tions on environmental noise, has effectively evaluated 
the impact of noise on mental well-being [9], supported 
by precise assessments elucidating the adverse effects of 
noise on irritation [14], cognitive abilities [15], and sleep 
patterns [16]. According to WHO, the loss of 1.6 million 
healthy life years (DALYs, disability-adjusted life-years), 
each year, in western European countries (comprising 
approximately 340  million inhabitants) is attributed to 
environmental noise exposure. The primary contributors 
to this significant burden are noise-induced sleep distur-
bance and annoyance [17, 18]. In fact, it is calculated that 
DALYs (disability adjusted life years) due to noise expo-
sure in Western European nations comprise 45,000 years 
attributed to cognitive function impairment in children, 
903,000 years due to sleep problems, and 587,000 solely 
attributable to annoyance [18, 19].

Particularly, WHO revealed that nearly 45,000 disabil-
ity-adjusted life-years (DALY) are lost annually among 
children aged from 7 to 19 years within western Euro-
pean countries due to noise exposure [15, 18]. Research 
findings suggests that noise may exert a more significant 
effect during the execution of tasks involving increased 
cognitive demands, implying that adolescents undertak-
ing more challenging academic work may be more par-
ticularly susceptible to noise disturbances compared to 
children [20, 21]. Furthermore, gender does not appear to 
exert any influence on noise-induced annoyance [20–22]. 
In fact, adolescents, within the age range of 13–15 [23] 
and 11–18 [20], are often posited to constitute a vulner-
able age group [24] that naturally exhibit a heightened 
susceptibility to the adverse extra-auditory health impli-
cations of noise, which correlates with increased rates 
of annoyance. A comprehensive cumulative analysis of 
more than twenty studies have consistently demonstrated 
the deleterious implications of environmental noise-
induced annoyance on adolescents’ educational attain-
ment and cognitive capabilities [25, 26]. Studies have 
demonstrated that even within healthy population, envi-
ronmental noise functions as a distractor, increasing cog-
nitive burden and compromising operational efficiency 
and task completion by diverting and redirecting cogni-
tive resources away from the task to accomplish [27]. It 
is true that executive functioning undergoes significant 
development throughout adolescence [28]. However, 
studies have demonstrated that adolescent’s cognitive 
abilities to comprehend and foresee stressors are com-
paratively limited and underdeveloped, and their coping 
mechanisms have not yet fully developed [29, 30]. There-
fore, considering their concurrent physical and cognitive 
growth, there exists a conceivable risk that noise expo-
sure may engender enduring and persistent deleterious 
consequences [31].

The relationship between subjective occupational 
stress and mental well-being was explored using the 
effort-reward imbalance (ERI) questionnaire, a vali-
dated psychosocial measure, founded on Siegrist et 
al.’s model [22]. This tool assesses the balance between 
work-related effort and subsequent rewards obtained, 
and applies beyond workplace settings, extending to 
social relationships within the household, including 

attention (Beta = 0.45; p <.001 and Beta = 0.26; p =.005 respectively) and worse processing speed (Beta = 0.43; p <.001 
and Beta = 0.23; p =.012 respectively).

Conclusion  This study could encourage the integration of targeted interventions and strategic measures that 
address both noise annoyance and psychosocial working conditions, defined as the academic work students perform 
both at school and at home, to proactively prevent the emergence of cognitive impairment among the adolescent 
population.
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marital and parental relationships, as well as other civic 
responsibilities, thereby reinforcing the model’s broad 
applicability [32, 33]. Moreover, overcommitment - a 
coping pattern defined by an incapacity to disengage 
from work in favor of recovery- was assessed by retriev-
ing individual responses to increased effort and minimal 
reward obtained in the workplace [34, 35]. In line with 
these findings, further epidemiological and experimental 
psychobiological investigations also suggest that effort-
reward imbalance contributes to increase the stimula-
tion of the autonomic system, causing emotional and 
psycho-physiological stress reactions, and inducing a 
range of detrimental health outcomes [36–38]. Studies 
have shown that individuals perceiving low social sup-
port within the work environment as well as lacking a 
sense of motivation through work-related rewards were 
significantly associated with having hyperacusis [39], 
which is defined as debilitating loudness intolerance dis-
order, associated with an abnormal annoyance to noise 
[40]. Being overcommitted at work increased the risk of 
hyperacusis that can evoke noise annoyance [39, 40]. The 
lack of reciprocity between efforts expended, rewards 
obtained and overcommitment was inversely associated 
with overall work-related fulfillment and satisfaction 
[41–43]. Among the primary mechanisms contributing 
to these outcomes is learned helplessness, characterized 
by an individual’s sense of powerlessness due to per-
ceived lack of control over noxious environmental stimuli 
[64–66] which can increase vulnerability to stress and 
impair task performance.

Furthermore, studies have documented the perva-
sive influence of noise pollution, noting elevated levels 
of annoyance, and reduced quality of life. However, the 
impact of noise-induced annoyance on cognitive perfor-
mance remain largely unexplored [44, 45].

Considering the increased vulnerability of adoles-
cence to the effects of noise pollution, a study conducted 
within Lebanon, a country marked by noise exposure lev-
els exceeding the international guidelines of the World 
Health Organization (WHO) [46, 47], would yield valu-
able insights into the complex interplay of these variables 
and thus hold significant research merit. The primary 
objective of the current study was to evaluate the associa-
tion between noise-induced annoyance and the cognitive 
performance within the Lebanese adolescent population. 
Nonetheless, the existing corpus of research remains 
limited in its comprehensive examination regarding the 
relationship between noise annoyance and the cognitive 
skills in relation to psychosocial work aspects, particu-
larly within the adolescent demographic. In this study, 
we aimed to adapt the ERI model within an educa-
tional environment, where “working conditions” denote 
the academic work students engage in both at school 
and at home, adapting its principles to a setting which 

varies from the model’s customary workplace applica-
tions. Accordingly, our research aimed to assess the 
hypothesis that the psychosocial work aspects-namely 
effort, reward, and overcommitment- serve as modera-
tors, exerting an influence on the relationship between 
noise-induced annoyance and the cognitive performance 
within the Lebanese adolescent population. In this con-
text, we hypothesize that psychosocial work factors 
(effort/reward/overcommitment) may alter the degree 
to which noise annoyance affects cognitive performance, 
with varying levels of effort, reward and overcommit-
ment potentially intensifying or reducing the impact of 
noise annoyance on specific cognitive processes, such as 
attention, memory and executive functioning (Fig. 1).

Methods
Study design and procedure
An online anonymous survey served as the basis for this 
descriptive cross-sectional observational study. The vol-
untary survey was conducted on the Lebanese people 
throughout Lebanon between April and May 2023. A 
snowball sampling strategy was implemented for the sur-
vey, by using the online Google Forms platform. Distri-
bution of the poll extended across various social media 
platforms such as WhatsApp, LinkedIn, and Facebook. 
Adolescents who chose not to participate in the question-
naire were omitted from the study. The “data duplicate” 
feature in excel was employed to verify that no partici-
pate submitted duplicate responses. Participants were 
instructed in the introductory section to obtain parental 
consent prior to engaging in the survey. Upon granting 
digital informed consent, participants were directed to 
complete the instruments described above, which were 
arranged in a pre-randomized order to mitigate any 
potential order effects. The survey guaranteed anonym-
ity, and participants voluntarily participated without 
receiving any form of compensation.

Minimal sample size
A minimum sample size of 473 adolescents was con-
sidered essential to ensure adequate statistical analy-
sis, as determined by the G-power software (Multiple 
regression: R2 deviation from zero), based on R2 = 0.05, 
alpha error = 0.05, power of 95% and 10 predictors to be 
included in the final model.

Questionnaire
The self-administered questionnaire, written in Arabic, 
Lebanon’s native language, was provided anonymously 
and required approximately 20 min for completion. Par-
ticipants were specifically advised to complete the ques-
tionnaire without seeking assistance in order to ensure 
the integrity of their responses. The questionnaire’s 
first section assessed participants’ sociodemographic 
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information. Furthermore, the household crowding index 
was calculated by dividing the total number of indi-
viduals residing in the household by the total number of 
rooms, with exclusion of those designated for bathroom 
and kitchen functions [48]. The subsequent section of the 
questionnaire incorporated the following scales:

Noise annoyance scale
Noise annoyance was assessed using a single question 
“Does noise in your home or school environment annoy 
you?” and rated from 1 (= never) to 5 (= always). The 
question was inspired from the study of Stansfeld et al. 
[49] where participants self-reported noise annoyance 
by answering the following question: “Does traffic noise 
at home annoy you?” We reformulated the question by 
replacing “at home” by “home or school environment” to 
fit the study objectives.

Effort reward in school scale
The study consisted of a 19-item questionnaire and 
involved the assessment of extrinsic components such as 
the effort component, comprising 5 elements related to 
homework and expectations, and the reward component, 
which consisted of 11 items including academic success, 
esteem, and educational prospects, as well as the intrin-
sic factor of overcommitment, which included 3 elements 
[50]. Using a five-point Likert scale, survey respondents 
rated their level of agreement with the questionnaire 
statements, with options spanning across “strongly dis-
agree” to “strongly agree”. Higher scores on this scale 
reflect increased levels of effort, reward and overcom-
mitment. The Cronbach’s alpha values were assessed, 

indicating the ensuing values: effort (α = 0.82), reward 
(α = 0.80) and overcommitment (α = 0.80).

Language-revised learning, executive, and attention 
functioning (LEAF) scale
The LEAF, consisting of 55 items, serves as a question-
naire administered to parents, teachers, or self-report 
evaluations, aimed at assessing executive functioning, 
associated neurocognitive functions, as well as academic 
proficiency across both children and adults. Responses to 
all items within the survey were rated using a four-point 
Likert scale (0 = never to 4 = very often) [51]. Autho-
rization to use this scale was granted by Pr. William 
Kronenberger. This scale yields 12 scores as follows: com-
prehension and conceptual learning (α = 0.85), factual 
memory (α = 0.84), attention (α = 0.87), processing speed 
(α = 0.84), visual-spatial organization (α = 0.78), sus-
tained sequential processing (α = 0.82), working memory 
(α = 0.86), novel problem solving (α = 0.85), mathematics 
skills (α = 0.86), basic reading skills (α = 0.90) and written 
expression skills (α = 0.83). Higher scores indicate worse 
aspect in each dimension. The scale was administered in 
Arabic; the forward translation was done by one transla-
tor. An expert committee formed by healthcare profes-
sionals and a language professional verified the Arabic 
translated version. A backward translation was then per-
formed by a second translator, unaware of the initial Eng-
lish version. The back-translated English questionnaire 
was subsequently compared to the original English one, 
by the expert committee. Discrepancies related to inad-
equate expressions and concepts, confusing in meaning 
and slightly off in meaning during the reconciliation of 

Fig. 1  Moderating effect of effort/reward/overcommitment between noise annoyance and cognitive performance
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the back translated questionnaire with the original source 
were resolved by consensus.

Statistical analysis
The SPSS software v.26 was employed for statistical 
analysis. The normal distribution assumption was sat-
isfied for all LEAF subscale scores, given that skewness 
and kurtosis values varied within ± 1. A multivariable 
analysis MANCOVA was conducted taking noise annoy-
ance as the independent variable and each LEAF subscale 
score as the dependent variable. The moderation analy-
ses were completed using PROCESS MACRO (an SPSS 
add-on) v3.4 model 1 [52], using effort/reward/overcom-
mitment as moderators in the relationship between noise 

annoyance and each LEAF subscale score. Interaction 
terms were probed by examining the association of one 
predictor with psychotic-like experiences at the mean, 1 
SD below the mean and 1 SD above the mean of the mod-
erator. Results were adjusted over age, gender and house-
hold crowding index (taken as covariates in each model). 
P <.05 was regarded as statistically significant.

Results
Sociodemographic and other characteristics of the 
participants
The sample consisted of 1269 adolescents, exhibiting a 
mean age of 15.68 ± 1.75 years (min = 12; max = 18), and 
771 (60.8%) females. The mean household crowding 
index was 1.28 ± 0.62 persons/room. Other descriptive 
results can be found in Table 1.

Bivariate analysis
Higher mean mathematics skills, effort and overcom-
mitment scores were significantly found in females com-
pared to males (Table 2). It is noteworthy that none of the 
scores was significantly associated with age and house-
hold crowding index (Table 3).

Multivariable analysis
The MANCOVA results revealed that higher noise 
annoyance was significantly associated with worse mem-
ory function, comprehension and conceptual learning, 
factual memory, attention, processing speed, visual spa-
tial organization, sustained sequential processing, work-
ing memory, novel problem solving, mathematics skills, 
basic reading skills and written expression skills (higher 
scores for all) (Table 4).

Table 1  Sociodemographic and other characteristics of the 
participants

Mean ± SD in this study
Noise annoyance 2.01 ± 1.09
Memory function 20.53 ± 9.01
Comprehension and conceptual learning 4.29 ± 3.20
Factual memory 4.63 ± 3.38
Attention 5.12 ± 3.60
Processing speed 5.03 ± 3.49
Visual-spatial organization 4.54 ± 3.27
Sustained sequential processing 4.69 ± 3.36
Working memory 5.01 ± 3.53
Novel problem solving 4.02 ± 3.30
Mathematics skills 5.07 ± 3.70
Basic reading skills 4.04 ± 3.58
Written expression skills 4.29 ± 3.31
Effort 16.63 ± 4.15
Reward 36.00 ± 5.90
Overcommitment 9.09 ± 2.93

Table 2  Comparison of LEAF scores between genders
Males
Mean ± SD

Females
Mean ± SD

p Effect size

Memory function 20.22 ± 9.20 20.73 ± 8.89 0.333 0.056
Comprehension and conceptual learning 4.20 ± 3.08 4.35 ± 3.28 0.407 0.048
Factual memory 4.40 ± 3.29 4.77 ± 3.43 0.053 0.111
Attention 4.99 ± 3.54 5.20 ± 3.64 0.316 0.058
Processing speed 4.87 ± 3.44 5.14 ± 3.52 0.188 0.076
Visual spatial organization 4.66 ± 3.37 4.46 ± 3.21 0.287 0.061
Sustained sequential processing 4.72 ± 3.46 4.67 ± 3.29 0.805 0.014
Working memory 4.81 ± 3.50 5.14 ± 3.54 0.095 0.096
Novel problem solving 4.06 ± 3.34 3.99 ± 3.28 0.687 0.023
Mathematics skills 4.75 ± 3.64 5.28 ± 3.72 0.011 0.146
Basic reading skills 4.22 ± 3.76 3.93 ± 3.46 0.156 0.082
Written expression skills 4.43 ± 3.37 4.20 ± 3.28 0.225 0.070
Effort 16.23 ± 4.21 16.89 ± 4.09 0.006 0.157
Reward 36.14 ± 5.94 35.90 ± 5.88 0.487 0.040
Overcommitment 8.82 ± 2.93 9.26 ± 2.91 0.009 0.150
Numbers in bold indicate significant p values. LEAF = Language-Revised Learning, Executive, and Attention Functioning scale
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Moderation analysis with each LEAF subscales score taken 
as the dependent variable
The detailed outcomes of the moderation analysis, incor-
porating effort/reward/overcommitment as moderators 
in the relationship between noise annoyance and mem-
ory/attention/learning, are delineated in Table  5. All 
results were adjusted over the following variables: age, 
gender and household crowding index. The interactions 
noise annoyance by effort was significantly associated 
with memory function, sustained sequential processing 
and mathematics skills. The interaction noise annoy-
ance by reward was significantly associated with memory 
function, attention, processing speed, sustained sequen-
tial processing, working memory and mathematics skills, 
whereas the interaction noise annoyance by overcommit-
ment was significantly associated with factual memory, 
attention and processing speed (Table 5).

At low levels of effort, higher noise annoyance was 
significantly associated with worse memory function 
(Beta = 0.94; p =.002) and mathematics skills (Beta = 0.40; 
p =.002), whereas at low (Beta = 0.49; p <.001) and mod-
erate (Beta = 0.29; p =.001) levels of effort, it was sig-
nificantly associated with worse sustained sequential 
processing (Table 6, Models 1a, 2a and 3a).

At low and moderate levels of reward, higher noise 
annoyance was significantly associated with worse 
attention (Beta = 0.48; p <.001 and Beta = 0.20; p <.031 
respectively; Model 2b), sustained sequential processing 
(Beta = 0.43; p <.001 and Beta = 0.22; p =.013 respectively; 
Model 2d) and working memory (Beta = 0.47; p <.001 and 
Beta = 0.28; p =.002 respectively; Model 2e). At low levels 
of reward, higher annoyance was significantly associated 
with worse memory function (Beta = 0.82; p =.007; Model 
2a), processing speed (Beta = 0.38; p =.001; Model 2c) and 
mathematic skills (Beta = 0.28; p =.026; Model 2f ).

Finally, at low and moderate levels of overcommit-
ment, higher noise annoyance was significantly associ-
ated with worse factual memory (Beta = 0.49; p <.001 
and Beta = 0.25; p =.005 respectively; Model 3a), worse 
attention (Beta = 0.45; p <.001 and Beta = 0.26; p =.005 
respectively; Model 3b) and worse processing speed 
(Beta = 0.43; p <.001 and Beta = 0.23; p =.012 respectively; 
Model 3c).

Discussion
Our initial hypotheses were to find a moderating effect 
of effort, reward and overcommitment between noise 
annoyance and each LEAF subscale. Some of those 
hypotheses were confirmed namely the moderat-
ing effect of (1) effort between noise annoyance and 
memory function, sustained sequential processing and 
mathematics skills, (2) of reward between noise annoy-
ance and memory function, attention, processing speed, 
sustained sequential processing, working memory and 

mathematics skills, and (3) of overcommitment between 
noise annoyance and factual memory, attention and pro-
cessing speed.

The current study yielded significant findings indicat-
ing a solid correlation between noise annoyance and its 
effects on cognitive performance among adolescents. 
Our findings demonstrated a strong association between 
higher noise annoyance and worse cognitive perfor-
mance pertaining to the memory, learning, attention and 
overall executive function among adolescents, highlight-
ing the intrinsic difficulties of this vulnerable age group 
in appropriately assessing threats emanating from stress-
ors, along with their comparatively underdeveloped cop-
ing mechanisms relative to adults [28]. Our results align 
with various studies proposing that noise may impact 
adolescent’s cognitive skills and intellectual capabili-
ties, particularly reading comprehension [53], memory 
[54], and impaired attention [55]. Furthermore, studies 
highlight a strong correlation between prolonged noise 
exposure and increased noise annoyance, reduced read-
ing proficiency, memory function and performance on 
national standardized tests, in contrast to students unaf-
fected by such auditory disturbances [56, 57]. Suggested 
mechanisms elucidating the impact of noise on adoles-
cents’ cognitive faculties pertain to challenges encoun-
tered in communication, impaired attentional processes, 
increased levels of frustration owing to the effects of 
noise-induced annoyance as well as the ensuing conse-
quences of disrupted sleep patterns on their overall aca-
demic and cognitive performance [25, 28]. Particularly, 
translational studies highlighted the detrimental effects 
of noise-induced annoyance on the central nervous sys-
tem activity through elevated oxidative stress [58–60], 
imbalance in neurotransmitter levels, impaired cognition 
and genetic modifications [61–63].

In this study, effort, reward and overcommitment were 
posited as moderators, exerting an influence on the asso-
ciation between noise annoyance and distinct cognitive 
domains within Lebanese adolescents. At low levels of 
effort, reward and overcommitment, outcomes demon-
strated consistent uniformity within specific cognitive 
domains, thereby highlighting that these factors, when 
experienced by adolescents subjected to noise-induced 
annoyance, contributed to adverse effects on specific 
areas of cognitive executive functioning. Analogous find-
ings were observed for moderate levels of overcommit-
ment across defined cognitive faculties. Furthermore, 
when examining moderate levels of reward, similar find-
ings were demonstrated, exclusively within the specific 
cognitive domains encompassing attention, working 
memory and sustained sequential processing; conversely, 
in the case of moderate levels of effort, comparable 
results were observed, albeit solely associated with sus-
tained sequential processing. Our findings align with 
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Beta p 95% CI Partial Eta Squared
Model 1: Memory function score as the dependent variable.
Noise annoyance 0.60 0.010 0.15; 1.06 0.005
Age − 0.09 0.545 − 0.37; 0.20 < 0.001
Household crowding index − 0.12 0.772 − 0.92; 0.68 < 0.001
Gender (males vs. females*) − 0.46 0.377 -1.48; 0.56 0.001
Model 2: Comprehension and conceptual learning score as the dependent variable.
Noise annoyance 0.48 < 0.001 0.32; 0.64 0.026
Age − 0.07 0.206 − 0.17; 0.04 0.001
Household crowding index − 0.05 0.711 − 0.33; 0.23 < 0.001
Gender (males vs. females*) − 0.12 0.528 − 0.47; 0.24 < 0.001
Model 3: Factual memory score as the dependent variable.
Noise annoyance 0.31 < 0.001 0.14; 0.48 0.010
Age 0.01 0.849 − 0.10; 0.12 < 0.001
Household crowding index − 0.14 0.355 − 0.44; 0.16 0.001
Gender (males vs. females*) − 0.34 0.079 − 0.72; 0.04 0.002
Model 4: Attention score as the dependent variable.
Noise annoyance 0.32 0.001 0.13; 0.50 0.009
Age 0.003 0.963 − 0.11; 0.12 < 0.001
Household crowding index − 0.04 0.804 − 0.36; 0.28 < 0.001
Gender (males vs. females*) − 0.17 0.414 − 0.58; 0.24 0.001
Model 5: Processing speed score as the dependent variable.
Noise annoyance 0.29 0.001 0.11; 0.47 0.008
Age − 0.01 0.917 − 0.12; 0.11 < 0.001
Household crowding index 0.10 0.528 − 0.21; 0.41 < 0.001
Gender (males vs. females*) − 0.22 0.266 − 0.62; 0.17 0.001
Model 6: Visual spatial organization score as the dependent variable.
Noise annoyance 0.31 < 0.001 0.14; 0.47 0.010
Age − 0.03 0.618 − 0.13; 0.08 < 0.001
Household crowding index − 0.02 0.873 − 0.31; 0.27 < 0.001
Gender (males vs. females*) 0.23 0.223 − 0.14; 0.60 0.001
Model 7: Sustained sequential processing score as the dependent variable.
Noise annoyance 0.32 < 0.001 0.15; 0.49 0.011
Age − 0.06 0.262 − 0.17; 0.05 0.001
Household crowding index 0.05 0.729 − 0.25; 0.35 < 0.001
Gender (males vs. females*) 0.07 0.709 − 0.31; 0.45 < 0.001
Model 8: Working memory score as the dependent variable.
Noise annoyance 0.40 < 0.001 0.22; 0.57 0.015
Age − 0.08 0.174 − 0.19; 0.03 0.001
Household crowding index 0.13 0.402 − 0.18; 0.45 0.001
Gender (males vs. females*) − 0.31 0.131 − 0.70; 0.09 0.002
Model 9: Novel problem solving score as the dependent variable.
Noise annoyance 0.43 < 0.001 0.27; 0.60 0.020
Age 0.01 0.842 − 0.09; 0.11 < 0.001
Household crowding index − 0.16 0.287 − 0.45; 0.13 0.001
Gender (males vs. females*) 0.13 0.509 − 0.25; 0.50 < 0.001
Model 10: Mathematics skills score as the dependent variable.
Noise annoyance 0.21 0.026 0.03; 0.40 0.004
Age − 0.06 0.347 − 0.17; 0.06 0.001
Household crowding index 0.11 0.509 − 0.22; 0.44 < 0.001
Gender (males vs. females*) − 0.52 0.014 − 0.94; − 0.11 0.005
Model 11: Basic reading skills score as the dependent variable.
Noise annoyance 0.36 < 0.001 0.17; 0.54 0.012
Age − 0.06 0.276 − 0.18; 0.05 0.001

Table 4  MANCOVA analysis of factors associated with the scores



Page 9 of 14Azzi et al. BMC Psychology          (2025) 13:188 

Table 5  Moderation analysis taking noise annoyance as the independent variable, effort/reward/overcommitment as moderators and 
memory/attention/learning scores as dependent variables

Beta t p 95% CI
Model 1: Effort as the moderator
Memory function − 0.14 -2.81 0.005 − 0.24; − 0.04*
Comprehension and conceptual learning 0.01 0.42 0.673 − 0.03; 0.04
Factual memory − 0.03 -1.77 0.078 − 0.07; 0.004
Attention − 0.03 -1.27 0.205 − 0.07; 0.01
Processing speed − 0.03 -1.67 0.096 − 0.07; 0.01
Visual spatial organization − 0.02 -1.08 0.283 − 0.06; 0.02
Sustained sequential processing − 0.05 -2.42 0.016 − 0.08; − 0.01*
Working memory − 0.01 − 0.60 0.552 − 0.05; 0.03
Novel problem solving − 0.03 -1.72 0.085 − 0.07; 0.01
Mathematics skills − 0.06 -2.71 0.007 − 0.10; − 0.02*
Basic reading skills − 0.02 -1.18 0.240 − 0.06; 0.02
Written expression skills − 0.01 − 0.68 0.497 − 0.05; 0.02
Model 2: Reward as the moderator
Memory function 2.71 2.69 0.007 0.73; 4.68*
Comprehension and conceptual learning − 0.01 − 0.95 0.343 − 0.03; 0.01
Factual memory − 0.02 -1.86 0.064 -04; 0.001
Attention − 0.04 -3.33 0.001 − 0.07; − 0.02*
Processing speed − 0.03 -2.56 0.011 − 0.05; − 0.01*
Visual spatial organization − 0.004 − 0.37 0.715 − 0.03; 0.02
Sustained sequential processing − 0.03 -2.67 0.008 − 0.05; − 0.01*
Working memory − 0.03 -2.34 0.020 − 0.05; − 0.004*
Novel problem solving − 0.02 -1.61 0.109 − 0.04; 0.004
Mathematics skills − 0.03 -2.14 0.032 − 0.05; − 0.002*
Basic reading skills − 0.004 − 0.31 0.755 − 0.03; 0.02
Written expression skills − 0.01 -1.17 0.242 − 0.04; 0.01
Model 3: Overcommitment as the moderator
Memory function − 0.07 − 0.91 0.364 − 0.21; 0.08
Comprehension and conceptual learning − 0.02 − 0.78 0.439 − 0.07; 0.03
Factual memory − 0.08 -3.00 0.003 − 0.14; − 0.03
Attention − 0.07 -2.19 0.029 − 0.12; − 0.01*
Processing speed − 0.07 -2.43 0.015 − 0.13; − 0.01*
Visual spatial organization − 0.003 − 0.13 0.899 − 0.06; 0.05
Sustained sequential processing − 0.05 -1.76 0.079 − 0.10; 0.01
Working memory − 0.05 -1.70 0.090 − 0.11; 0.01
Novel problem solving − 0.04 -1.57 0.117 − 0.10; 0.01
Mathematics skills − 0.06 -1.94 0.053 − 0.12; 0.001
Basic reading skills − 0.01 − 0.46 0.644 − 0.07; 0.05
Written expression skills − 0.04 -1.51 0.132 − 0.10; 0.01
*indicates significant moderation; numbers in bold indicate significant p values; results adjusted over age, gender and household crowding index

Beta p 95% CI Partial Eta Squared
Household crowding index − 0.21 0.194 − 0.53; 0.11 0.001
Gender (males vs. females*) 0.31 0.138 − 0.10; 0.71 0.002
Model 12: Written expression skills score as the dependent variable.
Noise annoyance 0.30 < 0.001 0.14; 0.47 0.010
Age − 0.08 0.161 − 0.18; 0.03 0.002
Household crowding index − 0.18 0.232 − 0.47; 0.12 0.001
Gender (males vs. females*) 0.24 0.215 − 0.14; 0.61 0.001
*Reference group; Numbers in bold indicate significant p values

Table 4  (continued) 
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Table 6  Conditional effects of the focal predictor (noise annoyance) at values of the moderators
Beta t p 95% CI

Model 1: Effort as the moderator
Model 1a: Memory function as the dependent variable.
Low (= 12.48) 0.94 3.06 0.002 0.34; 1.54
Moderate (= 16.63) 0.35 1.52 0.129 − 0.10; 0.80
High (= 20.78) − 0.24 − 0.76 0.450 − 0.86; 0.38
Model 2a: Sustained sequential processing as the dependent variable.
Low (= 12.48) 0.49 4.16 < 0.001 0.26; 0.71
Moderate (= 16.63) 0.29 3.35 0.001 0.12; 0.47
High (= 20.78) 0.10 0.85 0.398 − 0.13; 0.34
Model 3a: Mathematics skills as the dependent variable.
Low (= 12.48) 0.40 3.12 0.002 0.15; 0.65
Moderate (= 16.63) 0.16 1.70 0.089 − 0.03; 0.35
High (= 20.78) − 0.07 − 0.56 0.578 − 0.33; 0.19
Model 2: Reward as the moderator
Model 2a: Memory function as the dependent variable.
Low (= 25.37) 0.82 2.69 0.007 0.22; 1.42
Moderate (= 32.30) 0.31 1.31 0.190 − 0.15; 0.76
High (= 39.22) − 0.21 − 0.64 0.520 − 0.85; 0.43
Model 2b: Attention as the dependent variable.
Low (= 25.37) 0.48 3.97 < 0.001 0.25; 0.72
Moderate (= 32.30) 0.20 2.16 0.031 0.02; 0.38
High (= 39.22) − 0.08 − 0.64 0.524 − 0.34; 0.17
Model 2c: Processing speed as the dependent variable.
Low (= 25.37) 0.38 3.22 0.001 0.15; 0.61
Moderate (= 32.30) 0.17 1.89 0.060 − 0.01; 0.35
High (= 39.22) − 0.04 − 0.33 0.745 − 0.29; 0.21
Model 2d: Sustained sequential processing as the dependent variable.
Low (= 30.09) 0.43 3.76 < 0.001 0.21; 0.65
Moderate (= 36.00) 0.22 2.49 0.013 0.05; 0.39
High (= 41.90) 0.004 0.04 0.971 − 0.23; 0.24
Model 2e: Working memory as the dependent variable.
Low (= 30.09) 0.47 3.98 < 0.001 0.24; 0.71
Moderate (= 36.00) 0.28 3.07 0.002 0.10; 0.46
High (= 41.90) 0.08 0.67 0.51 − 0.16; 0.33
Model 2f: Mathematics skills as the dependent variable.
Low (= 30.09) 0.28 2.22 0.026 0.03; 0.52
Moderate (= 36.00) 0.09 0.95 0.342 − 0.10; 0.28
High (= 41.90) − 0.10 − 0.72 0.469 − 0.36; 0.17
Model 3: Overcommitment as the moderator
Model 3a: Factual memory as the dependent variable.
Low (= 6.16) 0.49 4.29 < 0.001 0.27; 0.71
Moderate (= 9.09) 0.25 2.82 0.005 0.08; 0.42
High (= 12.02) 0.002 0.01 0.990 − 0.24; 0.25
Model 3b: Attention as the dependent variable.
Low (= 6.16) 0.45 3.69 < 0.001 0.21; 0.69
Moderate (= 9.09) 0.26 0.09 0.005 0.08; 0.44
High (= 12.02) 0.07 0.52 0.605 − 0.19; 0.33
Model 3c: Processing speed as the dependent variable.
Low (= 6.16) 0.43 3.66 < 0.001 0.20; 0.66
Moderate (= 9.09) 0.23 2.52 0.012 0.05; 0.40
High (= 12.02) 0.02 0.18 0.860 − 0.23; 0.28
Values displayed in bold denote significant p-values
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studies indicating that the decreased cognitive efficiency 
due to noise interference might not only induce stress but 
also provoke enduring cognitive fatigue, stemming from 
the ineffective attempts to cope with noise and the ensu-
ing decline in the engagement of cognitive faculties; the 
detrimental effects of noise on task performance being 
greater for adolescents whose cognitive faculties are 
still developing [15]. Consequently, the decreased effort 
exerted due to cognitive fatigue considerably impact aca-
demic outcomes, leading to an overall decline in quality 
of life, withdrawal from social engagements and depres-
sive symptoms [64].

Within this context, increased effort, reward and over-
commitment become imperative for the execution of 
tasks among individuals who experience noise-induced 
annoyance, arising from the need to mitigate and coun-
teract the disruption imposed upon cognitive processes 
by the auditory interference [65]. Accordingly, our results 
revealed that at high levels of effort, reward and over-
commitment, no statistically significant influence was 
observed in the relationship between noise annoyance 
and the collective scope of studied cognitive domains.

Overall, the preceding observations accentuate the 
inherent interplay between the cognitive, motivational 
and emotional effects of noise. The investigation of the 
impact of noise-induced annoyance on cognitive perfor-
mance among the adolescent demographic is gradually 
eliciting increasing scientific interest within the corpus 
body of research, primarily due to the growing concern 
over mounting levels of noise pollution [74, 78]. In this 
context, the efficacy of the task performance in the pres-
ence of noise is contingent upon various factors, encom-
passing the specific attributes of noise annoyance which 
is determined by three major factors according to Stallen 
[66]: subjective disturbance, perceived control and adap-
tive capacity for coping with noise annoyance [67]. First, 
perceived disturbance is related to noise annoyance both 
directly [66] and indirectly [68] and depends on attributes 
of the originating noisy source as well as a primary cogni-
tive-emotional appraisal mechanism according to Laza-
rus’ theory of stress and coping [69]. Second, perceived 
control was suggested to be the primary non-acoustical 
factor contributing to noise-induced annoyance, accord-
ing to Stallen [66], and is a component that exerts an 
impact on annoyance through an alternative mechanism 
[69]. Last but not least, noise annoyance was found to be 
a prerequisite for coping which is deemed as a reappraisal 
of an individual’s surroundings [68, 69]. In accordance 
with the transactional model of stress and coping pro-
posed by Lazarus and Folkman, coping strategies may be 
characterized as dynamic and adaptive efforts exerted by 
individuals to manage available resources in response to 
the stressful transaction, and are subsequently perceived 

as taxing or surpassing the individual’s capabilities and 
resources [6].

When coping strategies prove to be ineffective, indi-
cating that the perceived threat posed by noise surpasses 
the available internal or external resources to confront 
the threat, such as perceived control as well as coping 
capacity, psychological stress emerge in the form of noise 
annoyance reactions will arise and cognitive fatigue takes 
hold [47]. In relation to noise, pivotal considerations 
entail the potential of an individual to either turn off the 
noise, or perceiving the capacity to do so, as well as the 
conviction in one’s ability to effectively execute a task in 
the presence of noise [47]. Should an individual experi-
encing a noise-induced annoyance harbor the belief that 
their competence (internal attribution) for task achieve-
ment amid noisy conditions is deficient, the likelihood 
of encountering failure rises, thereby decreasing expec-
tancies for control and increasing susceptibility to help-
lessness [47]. In this context, the perception of control 
over the noise serves to attenuate the anticipated threat 
posed by the noise and concurrently reduces the belief in 
its potential harm. Moreover, engaging in active coping 
strategies in response to noise may effectively alleviate 
and mitigate any adverse consequences [31].

Accordingly, incorporating the functions of effort, 
reward and overcommitment as moderating variables 
offers valuable insights into how psychosocial work fac-
tors influence the relationship between noise-induced 
annoyance and cognitive performance in adolescents. 
These findings can inform clinical practice and guide 
targeted interventions designed to address both noise-
induced annoyance and psychosocial factors, thus pre-
venting the emergence of adverse cognitive outcomes 
among adolescents. Potential interventions include 
the implementation of noise control measures such as 
improving sound insulation in schools, strategically 
organizing classrooms in quieter areas and adjusting 
class schedules to mitigate noise exposure. Furthermore, 
numerous studies suggest the benefits of structured 
relaxation techniques in educational settings to cope with 
noise-induced annoyance. These practices not only serve 
as de-stressing mechanisms but also promote enhanced 
focus and mental resilience [70]. For example, imple-
menting regular breaks, along with guided meditation 
sessions or mindfulness practices in designated “medi-
tation rooms” can significantly enhance sensory aware-
ness, facilitate recovery from auditory distractions and 
improve concentration levels [70–72]. In fact, research 
has proven that relaxation techniques such as mindful-
ness and meditation not only sharpen students’ cognitive 
abilities, thereby increasing academic engagement, but 
also foster emotional balance and resilience [71–73].
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Continuous evaluation of these strategies is essential to 
ensure their effectiveness in reducing noise-related cog-
nitive impairments in adolescents.

Limitations
This study was subject to several limitations. A notable 
limitation to this study originates from the restricted 
applied framework of the environmental health deter-
minants, within the examination of the noise annoyance 
influence on cognitive functioning. In fact, evidence sug-
gests that air pollution may moderate or mediate the rela-
tionship between noise-induced annoyance and cognitive 
functioning across the life course [74]. Moreover, studies 
discovered a propensity for the simultaneous presence 
and accumulation of multiple environmental stressors 
(noise, light pollution, air pollution, psychosocial stress) 
within residential areas, along with additional stressors, 
including litter, debris and dirt, that might contribute 
to adverse health outcomes among adolescents [74, 75]. 
These findings further underscore the necessity to con-
duct future large-scale exposome studies that incorporate 
a comprehensive array of environmental health determi-
nations and develop comprehensive models to steer pro-
spective research investigations [75–77]. We did not ask 
about the area of living (rural vs. urban), which predis-
poses us to a residual confounding bias.

Moreover, future research should consider the applied 
noise as a comprehensive attribute, encompassing 
both qualitative and quantitative characteristics, which 
encompasses, in addition to the duration of noise expo-
sure, the mean sound pressure levels and their frequen-
cies [78]. Indeed, systematic reviews have revealed 
variations in evidence regarding each noise source 
individually, with the strength of evidence being more 
pronounced for certain noise sources compared to oth-
ers [15]. In fact, studies have shown that adolescents 
reported diverse levels of annoyance depending on the 
nature of the auditory stimuli, highlighting the necessity 
for additional research to elucidate the different effects of 
distinct noise-inducing sources [78]. Consequently, given 
that noise annoyance is an inherently subjective appraisal 
reaction subject to individual variation, depending on 
the specific noise source, a comprehensive assessment of 
noise-induced annoyance and its implications requires a 
distinct assessment of every individual source of noise. 
The inclusion of noise source characteristics in research 
studies is necessary to facilitate precise discrimination 
between effects attributable solely to the stimuli and 
those modulated by subjective determinants [79]. There-
fore, the lack of incorporation of personal attributes 
including negative affectivity, noise sensitivity and per-
sonality traits within the study framework raises the pos-
sibility of confounding effects arising from these factors 
[80].

Conclusion
In conclusion, the results of this current study offer solid 
evidence revealing a statistically significant association 
between noise annoyance and cognitive performance 
within the Lebanese adolescent demographic. In addi-
tion, it confirms the role of the psychosocial work aspects 
(effort/reward/commitment) as moderators in the rela-
tionship between noise-induced annoyance and cogni-
tive performance among adolescents. Prospective human 
and animal research studies are warranted to investi-
gate specific biomarkers of oxidative stress as well as the 
involvement of stress-related hormonal pathways in the 
noise-mediated stress responses, providing a quantita-
tive measure of the extent of the adverse health effects 
attributed to noise-induced annoyance. These research 
initiatives hold the potential to offer valuable insights 
into the neurobiological and physiological mechanisms 
underlying the adverse health implications of noise-
induced exposure, which could potentially contribute 
to cognitive impairment among adolescents. Ultimately, 
this advanced knowledge can serve as a solid foundation 
for clinicians and researchers for the development of tar-
geted public health strategies and tailored interventions 
designed specifically for the adolescent population.
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