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Abstract
Classrooms are noisy, yet little is known about pupils’ subjective reactions 
to noise. We surveyed 112 children between 8.70 and 11.38 years of age and 
extracted five dimensions in their reactions to noise by factorial analyses: 
(1) perceived classroom loudness, (2) hearing difficulties, (3) attention 
capture, (4) interference, (5) annoyance from noise. Structural Equation 
Models were run to better understand interindividual differences in noise 
interference and annoyance. Children reporting hearing and switching 
difficulties experienced more interference and annoyance from noise. 
Children who had a greater propensity for mind-wandering also experienced 
more interference from noise, but were annoyed by noise only to the extent 
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that it produced interference—the relationship between mind-wandering and 
noise annoyance was indirect, and not direct, as was the case for reported 
hearing and switching difficulties. We suggest that the distinction between 
annoyance and interference has theoretical, empirical, and practical relevance 
for educational research.

Keywords
noise annoyance, noise distraction, elementary school, switching skills, 
mind-wandering

Noise in the classroom

Classrooms are full of auditory inputs, such as sounds coming from outside 
(road traffic), from adjacent classrooms, from electronic devices (such as 
printers), or from children moving and chatting. Sounds can be mechanisti-
cally described as vibrations travelling through the air. The total sound inten-
sity that teachers and children are exposed to during a school day can be 
estimated, on average, at 70 dB: This is equivalent to the sound intensity gen-
erated by a vacuum cleaner (Lundquist et al., 2000; Shield & Dockrell, 2004; 
Sjödin et al., 2012; Walinder et al., 2007). However, this average dB level can 
hide important fluctuations, such as moments of quiet work alternating with 
peaks of activity that can reach 130 dB, as reported in a Swedish preschool 
(Sjödin et al., 2012). A sound of 130 dB is beyond the threshold of pain and 
corresponds to the sound intensity generated by a jetliner starting close by. A 
good proportion of the sounds experienced in the classroom are unwanted 
and can therefore be qualified as noise (Erickson & Newman, 2017). Noise 
has been reported as one of the most problematic issues in preschools and 
primary classrooms (Barrett et al., 2016; Sjödin et al., 2012).

Characterizing a sound as noise involves a negative judgment, “[it] is sub-
jective, and dependent on the internal state of the individual. Different indi-
viduals may exhibit unique responses to the same auditory stimuli” (Kanakri 
et al., 2017, p. 2). Because of the subjectivity of this judgment, existing stud-
ies about noise in schools have either adopted a survey methodology, capital-
izing on respondents’ own definition of what constitutes a noise, or have 
experimentally operationalized “noise” as a sound that is irrelevant or incom-
patible with an ongoing task.

Studies assessing the acute impact of noise on school performance place chil-
dren in a situation where they have to perform a given task (e.g., a reading com-
prehension or mathematics), while hearing a mix of environmental sounds, or 
verbal sounds (e.g., a conversation, a list of digits) that are on a completely dif-
ferent topic (Dockrell & Shield, 2006; Kassinove, 1972; Zentall & Shaw, 1980). 
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Studies focused on chronic exposure to transportation noise compare children 
living in noisy areas (e.g., near an airport) and those living in quieter areas 
(Evans et al., 1995; Evans & Maxwell, 1997; Haines et al., 2002, Matheson 
et al., 2010; Stansfeld et al., 2005; Van Kempen et al., 2010). Globally, the 
impact of noise on cognitive performance varies depending on the type of noise 
(acute, chronic noise) and task (reading, attention, memory; for reviews, Evans 
& Lepore, 1993; Klatte et al., 2013). When collapsing across the different types 
of noise, acute noise is more likely to impact attention and memory skills, 
whereas chronic noise is the most detrimental for language skills.

Crucially, children’s subjective reactions to experimental noise (e.g., their 
feeling of needing to put some extra effort into the task in the presence of 
noise, or their degree of annoyance toward noise) is not directly related to the 
actual effect of noise on their performance (Hygge, 2003; Slater, 1968). In 
other words, some pupils are impaired by noise but do not feel very annoyed 
by it; whereas, other pupils are very annoyed but perform as well in silence 
as in noise. There is therefore a tension between the objective measurement 
of what constitutes an impairment caused by noise, and children’s own per-
ception of the effects of noise. If one wants to foster learning and well-being 
in classrooms, it is therefore not enough to measure noise levels and to assess 
their general impact on performance through behavioral tasks (e.g., reading 
comprehension or mathematics). It is also important to try and identify those 
children who subjectively suffer the most from noise.

Inter-Individual Variability in Children’s Reactions 
to Noise

Community studies have raised awareness of children’s perception of noise. 
They have shown that children living near airports are more annoyed by 
noise than those living in quieter neighborhoods (Evans, et al., 1995; Haines 
& Stansfeld, 2000; Haines et al., 2001). Non-linear relationships have been 
reported, with annoyance levels increasing particularly for children exposed 
to more than 70 dB of aircraft noise, (Stansfeld et al., 2005) or railway noise 
(Lercher et al., 2000). With regards to road traffic noise, Lercher et al. (2000) 
and Stansfeld et al. (2005) reported a linear and positive relationship between 
children’s exposure to noise and their ratings of annoyance.

However, there is a lot of variability in children’s responses. Not all chil-
dren find the noise annoying. In Haines and Stansfeld’s (2000) study, 79% of 
the children living near Heathrow airport reported being only a little bit, or 
not at all annoyed by noise. This is lower than the percentage of children in 
the control group (98%), but still quite a high percentage. These findings 
suggest that there is not a direct relationship between noise exposure and 
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annoyance, since some children are exposed to a lot of environmental noise 
yet do not report feeling annoyed by it. The opposite is also true, with some 
children living in relatively quiet neighborhoods reporting high levels of 
annoyance toward noise.

Studies investigating transportation noise are only partly helpful for under-
standing the impact of classroom noise on children’s well-being. Indeed, air-
craft and traffic noise have specific acoustic characteristics (intermittent, loud, 
and low frequency noise) that are different from the mix of babble and envi-
ronmental noise children are exposed to in their classroom. These studies, 
therefore, do not represent the reality of schools which are only moderately 
exposed to these types of noise, and for which noise coming from outside is 
covered by children’s activities inside the classroom (Dockrell & Shield, 
2004; Shield & Dockrell, 2004). The most annoying sources of noise reported 
by pupils and teachers are actually classroom chatter, and noise generated 
from movement (i.e., sounds from the corridor, the scraping of chairs and 
tables; Boman & Enmarker, 2004; Connolly et al., 2013; Enmarker & Boman, 
2004; Lundquist et al., 2000). Again, although ratings of annoyance were, 
on average, moderate, substantial inter-individual variability was reported. 
Understanding the mechanisms behind this inter-individual variability might 
help to better identify which children are the most likely to suffer from noise 
and why, with the potential to develop solutions to alleviate their difficulties.

Understanding Noise Annoyance

As pointed out by Guski (1999), negative reactions to noise might be driven 
by the attitudes toward the source of noise, as well as the cognitive mecha-
nisms and emotional reactions elicited by a specific sound, in a specific situ-
ation. Theoretical accounts highlight the role of judgments and attitudes 
toward a given sound (Guski, 1999; Stallen, 1999). According to the cogni-
tive dissonance hypothesis, people weight the costs and benefits of their life 
choices, and try to reduce internal conflicts (Brown et al., 1985; Brown & van 
Kamp, 2005). Someone who voluntarily chooses to live in a noisy area (e.g., 
because the rent is cheaper), might still feel annoyed by the noise. However, 
to bring consistency to both their acts and judgments, they might end up 
changing their subjective perception of the noise, convincing themselves that 
noise is either necessary, or not so important, thereby overlooking its impact 
on wellbeing and explicitly reporting less annoyance. Social and emotional 
factors also play a role in judging the annoyance of a given sound. Perceiving 
other people’s conversations as a social signal instead of an intrusion into 
one’s privacy can be related to less annoyance toward that sound (for an adult 
study, Weinstein, 1978). Similarly, the tendency to be afraid of aircrafts, and 
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to judge them as unsafe can be associated with more annoyance toward the 
sound they generate.

Most of the theoretical models about noise annoyance have been devel-
oped on adult populations, and it is therefore not clear to what extent they 
apply to children. The cognitive dissonance hypothesis, for example, implies 
a choice and subsequent reflection upon one’s living conditions, which is 
necessarily more relevant to adults. Furthermore, Haines and Stansfeld 
(2000) reported that prosocial behavior, fear of aircrafts, or perception of 
aircrafts’ safety were not related to children’s annoyance toward aircraft 
noise in a classroom context. Instead, annoyance was related to the fact that 
planes made it hard to think, or to work. Thus, annoyance was related to 
interference from noise.

This explanation has the advantage of generalizing to the multitude of 
noise sources that children are exposed to in their classroom: It is not specific 
to the noise coming from conversations, road traffic, devices, or aircrafts. It 
fits with Boman and Enmarker (2004)’s interpretation that “annoyance arises 
in a situation in which the sound and the person’s intended activities are 
incompatible” (p. 208). Such a definition implies that children subjectively 
perceive or feel an incompatibility between the noise and their task, which is 
different to experimental studies in which the noise is specifically designed 
to be irrelevant. In the classroom, children are engaged in learning activities 
most of the time. They report that noise is most annoying when they are doing 
an exam or a test, when they are highly engaged in their work (Connolly 
et al., 2013). Several words, such as “disturbance” (Stallen, 1999), or “dis-
traction” (Boman & Enmarker, 2004; Kjellberg et al., 1996) have been used 
in the literature to describe this process, although we will use the term “inter-
ference” to be consistent across studies.

Noise Annoyance and Noise Interference: Two 
Potentially Separate Constructs

It is not clear from previous research whether interference and annoyance are 
overlapping constructs, or whether they might be dissociable and underlined 
by different cognitive mechanisms.

Analyzing the factorial structure of a questionnaire completed by 13- to 
14-year-olds, Boman and Enmarker (2004) extracted a single factor compris-
ing items related to interference (e.g., noise makes it difficult to concentrate), 
and annoyance/irritation. However, Stallen (1999) pointed out the impor-
tance of dissociating these constructs. Interference, or the difficulty of achiev-
ing goals when noise taxes resources that are less available for the main task, 
has more to do with cognitive mechanisms describing the interaction between 
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a person and their environment. It does not contain an emotional reaction in 
and of itself. Annoyance, however, happens when the situation is aversive, or 
unwanted. In other words, depending on people’s capacity to cope with inter-
ference, they might be more or less annoyed by it. Coping strategies can be 
direct (e.g., directly acting on the noise, by reducing it, or negotiating with 
people responsible for the noise) or indirect, via cognitive mechanisms such 
as cognitive control (Guski, 1999). In line with this idea, Kjellberg et al. 
(1996), extracted two factors from an adult survey on noise at work: One fac-
tor was related to interference, one to annoyance. The Interference factor 
reflected the effects of noise on the work task, and difficulties in concentrat-
ing. The Annoyance factor was related to the number of actions taken to 
reduce the noise, and to how much attention was paid to the noise.

Experiencing Noise Annoyance and Noise 
Interference: The Case of Children with Hearing 
Difficulties

On the one hand, some children can experience both interference and annoy-
ance from noise. This seems to be the case for children with clinical hearing 
impairment, who have been identified as especially vulnerable, due to their 
greater difficulty in understanding speech embedded in noise (Connolly 
et al., 2013; Picard & Bradley, 2001; Shield & Dockrell, 2003; Shield et al. 
2010). This can interfere with learning when the teacher is explaining con-
cepts, or during group work, when children communicate while being sur-
rounded with high levels of background noise (Shield & Dockrell, 2004).

In Boman and Enmarker (2004) and Enmarker and Boman (2004), diffi-
culties with hearing were assessed in a non-clinical and continuous way, by 
asking middle school children: (1) how good they consider their hearing to 
be; (2) to what extent they can hear when several people are talking at the 
same time; and (3) whether they tend to move closer to someone when that 
person is speaking. Difficulties with hearing were associated with being more 
annoyed by classroom noise, highlighting the need to take into account inter-
individual variability in the general population.

Pupils who find it hard to hear in the classroom context might have diffi-
culties with adapting to sounds, or developing strategies, such as trying to 
concentrate more on the learning goal (since this goal in itself is not properly 
understood). Figure 1a illustrates the fact that difficulties with hearing pre-
dicts both interference and annoyance via two, independent pathways. 
Whether hearing status predicts annoyance through interference (Figure 1b) 
has yet to be tested, since Kjellberg et al. (1996) did not test this indirect 
effect, and since Boman and Enmarker (2004) and Enmarker and Boman 
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(2004) did not differentiate between interference and annoyance. Finally, a 
model combining both direct and indirect effects (Figure 1c) should be com-
pared to the others to complete the picture.

Experiencing Noise Interference but Not Noise 
Annoyance: The Case of Mind-Wanderers

Some children might experience interference from noise, but not find it 
annoying. This might be the case for pupils who have a greater propensity to 

Difficulties 
with hearing 

Interference 

Annoyance 

Difficulties 
with hearing 

Interference 

Annoyance 

Difficulties 
with hearing 

Interference 

Annoyance 

(a)

(b)

(c)

Figure 1. Difficulties with hearing can predict interference and annoyance from 
noise via (a) two separate direct pathways (Independent model), (b) an indirect 
effect on annoyance through interference (Indirect model), (c) both direct and 
indirect effects (Independent + Indirect model).



Massonnié et al. 65

let their minds wander. Mind-wandering happens when people are focused on 
things that are not related to their current task or to what is going on around 
them (Kam, 2017; Mrazek et al., 2013). Instead, attention is shifted to inward 
processes, such as personal thoughts and feelings. In the classroom context, 
pupils’ attention would be redirected away from the learning task (e.g., listen-
ing to the teacher or being engaged in homework), to focus on internal states 
of mind.

It might seem, at first, that such inward focus could reduce awareness of 
ambient noise. Indeed, according to Smallwood et al. (2007), mind-wandering 
is accompanied by a reduced processing of sensory information, since the cog-
nitive resources used for mind-wandering are less available to encode infor-
mation from the environment. However, as pointed out by Kam (2017), it all 
depends on the kind of external events that are occurring and mind-wanderers 
can still be sensitive to unexpected, surprising, or potentially dangerous stim-
uli. Since classroom noise contains a mix of diverse and irregular sounds (e.g., 
chatter, bells ringing, sounds coming from movement) it is possible that these 
sounds are detected even by pupils who tend to let their minds wander.

Furthermore, and contrary to Smallwood et al.’s (2007) theory that mind-
wandering is demanding in terms of executive resources, some authors con-
sider it a default mode, which needs to be regulated in order to focus on 
specific goals and tasks (McVay & Kane, 2010). In other words, people who 
often let their minds wander have more difficulties with controlling their 
thoughts. According to this account, if mind-wanderers notice irregular noise, 
and if they have difficulties focusing on their learning task to start with, they 
would be particularly vulnerable to noise interference. Laboratory studies on 
adults give weight to this hypothesis. Forster and Lavie (2014) showed that a 
greater propensity for mind-wandering was associated with more distraction 
from task-irrelevant visual distractors. Using two self-report questionnaires, 
Carriere et al. (2013) reported a positive correlation between mind-wander-
ing and the tendency to experience interference from noise when engaged in 
tasks such as reading or working. To our knowledge, there have been no stud-
ies replicating these findings with children.

Of special interest to the discussion about the dissociation between inter-
ference and annoyance, mind-wanderers might not necessarily be annoyed 
by noise. When they experience interference, instead of focusing on the 
noise and getting annoyed by it, they could “escape” by primarily engaging 
with their own thoughts. In both situations, attention is decoupled, but mind-
wandering could help to focus on positive feelings and thoughts, instead of 
focusing on unwanted sounds. As such, Boman and Enmarker (2004) sug-
gest that mind-wandering could help pupils handle noise (Smallwood & 
Andrews-Hanna, 2013, for a fuller discussion of the costs and benefits of 
mind-wandering).



66 Environment and Behavior 54(1)

Studying inter-individual differences in pupils’ propensity to let their 
minds wander, along with their subjective report of noise interference and 
annoyance has both practical and theoretical interest. On the practical side, 
given the prevalence of mind-wandering in the classroom (Szpunar et al., 
2013), we might want to know whether those pupils who do not seem to pay 
attention to a lesson (because they are engaged in their own thoughts) are 
relatively immune, or on the contrary particularly vulnerable to interference 
from noise. On the theoretical side, testing whether mind-wanderers experi-
ence interference from noise, yet are not necessarily annoyed by it, would 
provide a more stringent test of the hypothesis that these two constructs are 
connected, yet partly dissociated. We hypothesize that mind-wandering will 
predict interference from noise, but will not be directly related to annoyance. 
The extent to which mind-wandering predicts annoyance through interfer-
ence (indirect effect) remains to be tested.

Coping with Noise Interference and Noise 
Annoyance: The Role of Switching Skills

Avoiding noise annoyance by “escaping” into mind-wandering might help 
improve well-being, but it might not be appropriate for fulfilling learning 
goals. Boman and Enmarker (2004) suggested another coping strategy: con-
centrating more on the learning task. In other words, children might choose 
to devote their attention and cognitive resources to their ongoing activity, 
even if they experience interference from noise. If interference is conceived 
of as a relative incompatibility between the perceived noise (e.g., a conversa-
tion), and the ongoing task (e.g., listening to the teacher, doing homework, 
Boman & Enmarker, 2004; Stallen, 1999), then the capacity to switch 
between one and the other might be of crucial importance. Switching is the 
capacity to alternate between two different tasks, or to focus one’s attention 
back to an activity after having been interrupted (Diamond, 2013). It relies on 
the capacity to inhibit unwanted representations (here, information coming 
from the noise), but also on the capacity to “load” representations for the task 
of interest (here, the learning task).

Laboratory studies have shown that children as young as 8 years of age are 
able to select, from multiple auditory channels, the channel they want to pay 
attention to, and to switch their attention based on instructions. These skills 
are developing throughout the elementary school years (Doyle, 1973; Geffen 
& Sexton, 1978; Pearson & Lane, 1991). However, it is unclear how these 
findings would translate into real life situations in which children are exposed 
to multisensory (visual and auditory) stimulations, while being engaged in 
complex learning activities. Carriere et al.’s (2013) study on adults suggests 
that having good switching skills is related to lower interference from noise. 
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These authors used questionnaires to assess participants’ switching capacities 
and the impact of noise on their concentration in various everyday life set-
tings. A replication on children is needed and could help to identify the pro-
tective factors that help children to cope with noise. Switching skills might be 
important for children to get “back on track” and to fulfill their goal despite 
the presence of distraction. However, it remains unclear how switching skills 
relate to annoyance. If noise interference is one of the main determinants of 
noise annoyance in school settings, then switching skills would predict 
annoyance through interference.

Aims of the Study

In summary, the present study will investigate the relationship between noise 
interference and noise annoyance in children. Following Kjellberg et al. 
(1996) and Stallen (1999), we suggest that noise interference and noise 
annoyance are independent, yet correlated constructs. Their dissociation 
might allow a better understanding of the cognitive mechanisms behind chil-
dren’s reactions to noise and might help to identify different profiles of chil-
dren who are more or less vulnerable to noise. Replicating findings from the 
existing literature, we predict that children with hearing difficulties would 
experience more interference from noise and be more annoyed by it, because 
they have difficulties to focus on their learning task. To further test the idea 
that annoyance is derived from interference (defined as an incompatibility 
between the noise and the task at hand), we expect children who report good 
switching skills to be better protected (e.g., experiencing less interference 
and, as a result, less annoyance), because they can focus back on their task 
after having been distracted. Finally, to test the dissociation between noise 
interference and annoyance, we will investigate mind-wandering, with the 
idea that children who report a greater propensity for mind-wandering would 
experience more interference from noise yet would not necessarily be 
annoyed by it. This is because children who mind-wander are, by definition 
not focused on their task. To address these questions, and following Boman 
and Enmarker (2004), we will combine factorial analyses with regression 
analyses in Structural Equation Models.

Methods

Participants

Neurotypical children between the ages of 8 and 11 were recruited from six 
French elementary classrooms in Corsica (equivalent of Year 5 and Year 6 in 
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the UK). This age range was selected to make sure the children had sufficient 
reading skills to answer our survey as part of a group testing session. One 
classroom contained some children in Year 4, and parental consent was 
obtained for 121 pupils (8 Year 4s, 52 Year 5s, and 61 Year 6s). Year 4 stu-
dents were excluded from the present analyses for the purpose of homogene-
ity. Data for one child, for whom hearing disorders were reported by the 
parents, were also removed from the analyses. The final sample includes 112 
pupils, from 8.70 to 11.38 years of age (M = 10.03; SD = 0.60). The project 
received ethical approval from the University’s Departmental Ethics 
Committee. Following an opt-in procedure, all the participants gave verbal 
consent to participate, and written informed consent was obtained from their 
parent/legal guardian. The study was conducted in accordance with the 
Declaration of Helsinki. The six participating classrooms were under the 
jurisdiction of a French educational inspector who approved the ethical 
guidelines of the study.

The participating classrooms were situated in urban (four classrooms, 
n = 81) and suburban (two classrooms, n = 31) areas. Average noise levels 
in empty rooms, computed over 200 samples of 1 min recordings in the eve-
ning and night (World Health Organization, 2018), were at 30–40 dB (depend-
ing on the classroom). The minimal and maximal values recorded within the 
200 samples were 29 dB and 45 dB respectively, indicating that the class-
rooms were not exposed to high levels of external noise (such as aircraft or 
railway noise). Noise levels in occupied classrooms (with children engaged 
in their daily activities) were at 46–54 dB on average (depending on the class-
room), with a minimum value of 34 dB and a maximum value of 73 dB (see 
Picard & Bradley, 2001 for a comparison—in the present study, sound level 
meters were placed on the front wall of the classrooms, to avoid the visible 
intervention of an experimenter, which can explain the slightly lower values 
compared to other studies).

The layout of the classroom followed a traditional “row by row” design, 
children’s desks facing the blackboard or the interactive screen teachers used 
to deliver their lessons. In two of the classes, some desks were rotated, and 
the screen was therefore not directly in front of the children, but slightly on 
their right or left hand-side (see Appendix A). In all of the classes, children 
were sitting at individual desks, and there was no common area for children 
to be grouped within the classrooms (e.g., library corner, carpet).

Measures

All measures were part of a larger school survey. To counterbalance the pre-
sentation order of the different questions, half of the children were given 
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version A (see Appendix B), and half of the children version B (see Appendix 
C). Children answered the survey in their usual classroom, in a collective 
session. Self-report was used as the main method to allow for comparison 
with previous studies assessing children’s reactions to noise in classroom set-
tings (Boman & Enmarker, 2004; Connolly et al., 2013; Enmarker & Boman, 
2004). Children were invited to answer based on how they had been feeling 
within the past 2 weeks. This was done to make sure that the measures would 
represent a variety of classroom situations, and to avoid the children focusing 
on specific events (e.g., noise levels in the classroom when they filled in the 
questionnaire).

Children’s reactions to noise. Five dimensions, related to children’s perception 
of, and reactions to noise, were defined a priori. They reflect: (1) the overall 
perception of noise levels in the classroom, (2) reported hearing difficulties, 
(3) attentional capture from noise (i.e., the fact that children notice noise), (4) 
interference from noise (i.e., the fact that noise catches children’s attention 
and interferes with their ongoing task), (5) noise annoyance. The last three 
sets of questions (attentional capture, interference, and annoyance related to 
noise), referred to various classroom situations, namely: (1) when the teacher, 
or a classmate talks to the entire classroom, (2) when the teacher, or a class-
mate comes closer to talk to the child, (3) individual work, (4) group work. 
This was done to reflect the broad range of learning activities children engage 
in. It seemed important to focus not only on speech comprehension problems, 
but also on individual work and group work which are regular learning activi-
ties. The exact wording of the questions and the response scales are reported 
in Table 1.

Switching skills and mind-wandering. The survey also included two sets of ques-
tions, measuring children’s switching skills and mind-wandering propensi-
ties. The questionnaire for switching skills was adapted from Carriere et al.’s 
(2013) Attentional Control Switching scale. Scoring was reversed so that 
higher scores indicate better switching skills. The mind-wandering question-
naire was borrowed from Mrazek et al. (2013). Higher scores correspond to a 
greater propensity for mind-wandering. The original items of both the switch-
ing and mind-wandering questionnaires are in Table 1. For the purpose of the 
study, they were translated into French and slightly reworded to be more 
child-friendly. For example, the item “I mind-wander during lectures or pre-
sentations” was written as “During lessons, I think about unrelated things.” 
The item “It is difficult for me to alternate between two different tasks” was 
reworded “It is difficult for me to juggle between doing two different things.” 
The French translation is available in Appendix B (questions 15–18 
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Table 1. Measures From the School Survey Selected for the Present Study.

Questions Code

Reactions to noise
Do you think your classroom is noisy? (1) Not noisy at 

all, (2) A bit noisy, (3) Quite noisy, (4) Very noisy
C_NOISE_WORD

Do you think that the noise level in class is. . . (1) Very 
low, (2) Quite low, (3) Quite loud, (4) Very loud

C_NOISE_LEVEL

On a scale from 0 to 10, how would you estimate the 
noise level in class to be?

C_NOISE_SCALE

In general, in class, you find your classmates. . . (1) Not 
at all noisy, (2) A bit noisy, (3) Quite noisy, (4) Very noisy

NOISY_OTHERS

Are you annoyed by noise in the classroom? (1) Not 
at all annoyed, (2) A bit annoyed, (3) Quite annoyed, (4) 
Really annoyed.

NOISE_ANNOY

When the teacher, or a classmate talks to the entire classroom. . .
You have difficulties hearing what the person says HEARING_FAR
You are annoyed by noise in the classroom ANNOY_FAR
Classroom noise attracts your attention ATTENTION_FAR
If noise attracts your attention, you lose track of the 

discussion
INTERFERENCE_
FAR

Response format: (1) Almost never, (2) Rarely, (3) Quite often, (4) Very often
When the teacher, or a classmate comes closer to talk to you. . .
You have difficulties hearing what the person tells you HEARING_CLOSE
You are annoyed by noise in the classroom ANNOY_CLOSE
Classroom noise attracts your attention ATTENTION_

CLOSE
If noise attracts your attention, you lose track of the 

discussion.
INTERFERENCE 
_CLOSE

 Response format: (1) Almost never, (2) Rarely, (3) Quite often, (4) Very often
When you do homework on your own
You are annoyed by noise in the classroom ANNOY_EX_

ALONE
Classroom noise attracts your attention ATTENTION_EX_

ALONE
If noise attracts your attention, you lose track of your 

thoughts.
INTERFERENCE 
_EX_ALONE

 Response format: (1) Almost never, (2) Rarely, (3) Quite often, (4) Very often
When you do homework in a group
You are annoyed by noise in the classroom ANNOY_EX_

GROUP
Noise coming from outside of the group attracts your 

attention
ATTENTION_EX_
GROUP

(continued)
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Questions Code

If noise coming from outside the group attracts your 
attention, you lose track of the discussion

INTERFERENCE 
_EX_GROUP

 Response format: (1) Almost never, (2) Rarely, (3) Quite often, (4) Very often
Cognitive predictors
Switching skills
I am slow to switch from one task to another SW1
It takes me a while to get really involved in a new task SW2
It is difficult for me to alternate between two different 

tasks
SW3

After being interrupted, I have a hard time shifting my 
attention back to what I was doing before

SW4

 Response format: (1) Not at all true, (2) A bit true, (3) Quite true, (4) Totally true
Mind-wandering
I have difficulty maintaining focus on simple or 

repetitive work
MW1

While reading, I find I haven’t been thinking about the 
text and must therefore read it again

MW2

I do things without paying full attention MW3
I find myself listening with one ear, thinking about 

something else at the same time
MW4

I mind-wander during lectures or presentations MW5
 Response format: (1) Almost never, (2) Rarely, (3) Quite often, (4) Very often

Table 1. (continued)

correspond to the switching questionnaire, questions 19–23 to the mind-wan-
dering questionnaire).

Results

Descriptive Statistics

Descriptive statistics are reported in Table 2. One key feature of this data 
set is that children were nested within classrooms: They shared the same 
teacher, the same environment, and were thus able to influence each other. 
That is to say, observations were not completely independent. Intra-class 
correlation coefficients were computed for each variable in order to express 
the proportion of variance that was attributable to classes (Dorman, 2008; 
Field, 2018), and are reported in Table 2. Intra-class correlation coefficients 
above 10% can be considered to be a cause of concern (Byrne, 2013). 
However, the number of classrooms in our sample is too small to compute 
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Table 2. Descriptive Statistics for All the Variables.

n Range M SD Skewness Kurtosis ICC

Reactions to noise
Noise levels in the classroom
C_NOISE_WORD 104 1–4 2.91 0.85 −0.12 −1.01 10.91
C_NOISE_LEVEL 104 1–4 2.94 0.65 −0.59 1.23 10.55
C_NOISE_SCALE 98 2–10 6.48 1.86 −0.15 −0.39 18.19
NOISY_OTHERS 103 1–4 2.73 0.78 0.02 −0.57 0
Reported hearing difficulties
HEARING_FAR 102 1–4 1.43 0.82 1.96 3.07 10.83
HEARING_CLOSE 103 1–4 1.68 0.85 1.15 0.63 2.31
Attention capture
ATTENTION_FAR 102 1–4 2.29 0.91 0.19 −0.74 8.35
ATTENTION_CLOSE 101 1–4 2.23 0.94 0.27 −0.81 14.41
ATTENTION_EX_ALONE 103 1–4 2.28 0.98 0.29 −0.91 6.08
ATTENTION_EX_GROUP 99 1–4 1.90 0.92 0.77 −0.28 1.50
Interference
INTERFERENCE_FAR 100 1–4 2.22 1.04 0.37 −1.03 13.25
INTERFERENCE _CLOSE 102 1–4 2.06 0.97 0.54 −0.72 3.69
INTERFERENCE _EX_ALONE 103 1–4 2.24 1.05 0.32 −1.10 8.61
INTERFERENCE _EX_GROUP 101 1–4 1.95 0.97 0.63 −0.72 0
Annoyance
NOISE_ANNOY 103 1–4 2.12 0.92 0.61 −0.34 9.26
ANNOY_FAR 104 1–4 2.35 0.96 0.25 −0.86 0
ANNOY_CLOSE 103 1–4 2.24 1.04 0.39 −1.00 0
ANNOY_EX_ALONE 102 1–4 2.41 1.06 0.13 −1.18 5.80
ANNOY_EX_GROUP 99 1–4 1.98 0.97 0.59 −0.73 4.03
Cognitive predictors
Switching skills
SW1 102 1–4 3.17 0.91 −0.98 0.21 0.53
SW2 98 1–4 3.23 0.76 −0.71 0.04 1.82
SW3 102 1–4 2.81 1.01 −0.43 −0.89 7.77
SW4 103 1–4 2.49 1.10 −0.08 −1.32 0.00
Mind-wandering
MW1 100 1–4 1.74 0.96 1.04 −0.10 2.27
MW2 102 1–4 2.00 1.04 0.64 −0.84 7.94
MW3 100 1–4 1.78 0.79 0.67 −0.29 10.66
MW4 101 1–4 1.98 0.92 0.52 −0.70 2.28
MW5 102 1–4 1.75 0.91 0.92 −0.21 13.24

Note. ICC = intra-class correlation coefficient; SW = switching; MW = mind-wandering.

accurate parameters estimates at both the intra-group and inter-group lev-
els. Since individual reactions to noise and cognitive abilities are the focus 
of our study, we centered every child’s score on the classroom’s mean to 
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remove between-classrooms variance and obtain unbiased estimates at the 
individual level (Bell et al., 2018; Cheslock & Rios-Aguilar, 2011).

Overall, 9.25% of data points were missing, due to children’s absences or 
mistakes in writing in the booklets. Little’s (1988) MCAR test was nonsig-
nificant (χ2 (593) = 614.28, p = .26), indicating that data were missing com-
pletely at random. For all the following analyses, we used the maximum 
likelihood estimation to deal with missing data (Schreiber et al., 2006), and 
the robust estimator in Mplus 6.12, which does not assume normal multivari-
ate distributions.

Factorial Analyses

First, an exploratory factorial analysis was carried out on the measures related 
to children’s reactions to noise, in order to identify whether the items would 
correspond to the five categories we defined a priori. Geomin rotation was 
used since we expected the factors to be correlated (Kjellberg et al., 1996).

Following Boman and Enmarker (2004), inclusion criteria for the factors 
were eigenvalues >1 and at least two items with loadings >0.50. This led to 
the five-factors solution reported in Table 3.

One item did not have any factor loading >0.30 on any factor (C_NOISE_
SCALE), and one item had loadings >0.30 on more than one factor 
(ATTENTION_EX_GROUP). These items were removed from further 
analyses.

A Confirmatory Factorial Analysis on the remaining 17 items yielded a 
model with adequate fit (χ2 (109) = 159.28, p = .001, CFI = 0.93, TLI = 0.91, 
SRMR = 0.08, RMSEA = 0.07, 90% confidence interval [0.04, 0.09]). 
Adequate indices of fit are indicated by a low and nonsignificant χ2 value (how-
ever, a big sample size often leads to a significant value), a Comparative Fit 
Index (CFI) above 0.9, a Tucker-Lewis Index (TLI) above 0.9, Standardized 
Root Mean Square Residual (SRMR) under 0.08, and a Root Mean Square Error 
of Approximation (RMSEA) under 0.08, ideally 0.05 (Wang & Wang, 2012).

Correlations between factors are reported in Table 4. All the factors were 
moderately to highly correlated to each other, with two exceptions: children’s 
estimations of noise levels in the classroom did not significantly correlate 
with their reported difficulties to hear, or with the tendency for noise to cap-
ture their attention.

Structural Equation Models

Factorial analyses indicated that noise Interference and noise Annoyance 
could be distinguished as two separate, yet correlated factors.
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The next step was to test the three Structural Equation models presented in 
Figure 1, and to do so for each of our three predictors (difficulties with hear-
ing, mind-wandering, switching skills). Indicators of model fit for the nine 
resulting models are in Table 5. We followed a two-steps process to select the 
best fitting model for each of our predictor—that is to say, to select the model 
that best represents how the predictor relates to noise annoyance and noise 
interference. First, indicators of model fit were examined for each alternative 
model. Only models with adequate fit were considered. As indicated earlier, 
in SEM, adequate fit indices are reflected by a low and nonsignificant χ2 
value (although significant values can be obtained with a big sample size), 
CFI > 0.9, TLI > 0.9, SRMR < 0.08, RMSEA < 0.08, but ideally < 0.05 
(Wang & Wang, 2012). Second, if, for the same predictor, two nested models 

Table 3. Exploratory Factor Analysis on Items Assessing Children’s Reactions to 
Noise.

Factor 1 
Noise 
levels

Factor 2 
Attention 
capture

Factor 3 
Reported 
hearing 

difficulties
Factor 4 

Interference
Factor 5 

Annoyance

C_NOISE_WORD 0.84 −0.04 0.04 −0.03 0.00
C_NOISE_LEVEL 0.73 0.00 −0.00 0.13 0.00
NOISY_OTHERS 0.63 −0.02 −0.02 0.06 0.14
[C_NOISE_SCALE] 0.27 0.16 −0.09 0.04 0.18
ATTENTION_FAR −0.13 0.82 −0.11 0.18 −0.01
ATTENTION_CLOSE −0.01 0.82 0.13 0.06 −0.03
ATTENTION_ 

EX_ALONE
0.10 0.78 0.04 −0.06 0.14

[ATTENTION_ 
EX_GROUP]

−0.21 −0.07 0.20 0.32 0.37

HEARING_FAR −0.01 0.14 0.71 −0.01 −0.05
HEARING_CLOSE 0.06 −0.02 0.73 0.02 0.06
INTERFERENCE_FAR 0.03 0.01 −0.08 1.03 −0.04
INTERFERENCE_CLOSE 0.17 0.21 0.04 0.64 0.01
INTERFERENCE_EX_

ALONE
0.08 0.19 0.05 0.34 0.18

INTERFERENCE_EX_
GROUP

−0.10 0.10 0.22 0.40 0.09

NOISE_ANNOY 0.13 0.02 0.02 −0.05 0.66
ANNOY_FAR 0.03 −0.01 −0.03 0.02 0.90
ANNOY_CLOSE 0.04 0.20 −0.06 −0.07 0.78
ANNOY_EX_ALONE −0.01 0.27 0.02 0.02 0.64
ANNOY_EX_GROUP −0.11 −0.04 0.10 0.13 0.60

Note. Items in square brackets were removed from further analyses. Items selected to represent each 
factor are in bold.



Massonnié et al. 75

had appropriate fit, a Satorra-Bentler Chi-Square difference test was run 
(Mplus, 2020). If that test was non-significant (indicating that the two models 
had equivalent fit), the more parsimonious model was chosen. If the test was 
significant, the best fitting model (with the lowest Chi-Square statistics) was 
chosen.

Hearing difficulties. Only the model combining direct and indirect effects had 
a good fit—both the independent and indirect models having SRMR above 
0.08. As shown in Figure 2, reported hearing difficulties significantly pre-
dicted both Interference (β = .34; p = .01) and Annoyance (β = .31; p = .02). 
Interference marginally predicted Annoyance (β = .21; p = .06). The sum of 
indirect effects from Reported hearing difficulties to Annoyance through 
Interference was estimated at 0.07 and was not statistically significant (p = 
.15). Overall, the model explained 18.3% of the variance in Annoyance 
scores, and 11.6% of the variance in Interference scores.

Mind-wandering. Only the indirect model had adequate fit—the independent 
model had a TLI below 0.90 as well as SRMR above 0.08; the combined 
model had a TLI below 0.90. As shown in Figure 3, mind-wandering signifi-
cantly predicted noise Interference (β = .63; p < .001), which in turn, signifi-
cantly predicted noise Annoyance (β = .29; p = .006). The sum of indirect 
effects from mind-wandering to Annoyance through Interference reached 
0.18, with a p-value of .02. The model predicted 39.8% of the variance in 
Interference scores, and 8.5% of the variance in Annoyance scores.

Switching skills. Two models had an adequate fit: the independent model (with 
two directs effects on Annoyance and Interference), and the model combin-
ing these direct effects with an indirect effect on Annoyance through Interfer-
ence. The Chi-Square difference test showed that the combined model did not 
have a significantly better fit. The independent model was therefore chosen 
for the sake of parsimony. As shown in Figure 4, better switching skills 

Table 4. Correlation between Factors of the Noise Sensitivity Questionnaire.

Factor 2 Factor 3 Factor 4 Factor 5

Factor 1: Noise levels 0.15 0.04 0.29* 0.45***
Factor 2: Attentional capture 0.30** 0.65*** 0.41**
Factor 3: Reported hearing difficulties 0.36** 0.38**
Factor 4: Interference 0.32**
Factor 5: Annoyance  

Note. *p < .05. **p < .01. ***p < .001.
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predicted less Interference (β = − .61, p < .001) and less Annoyance (β = − 
.60, p < .001) from noise. Overall, the model explained 37.3% of the vari-
ance in Interference scores and 36% of the variance in Annoyance scores.

Discussion

In the present study, 8- to 11-year-old children were asked to share their reac-
tions to classroom noise. On average, the children found their classroom 

Table 5. Indicators of Model Fit Corresponding to the Three Structural Equation 
Models depicted in Figure 1.

χ2 df p CFI TLI SRMR RMSEA [90% CI] ∆ χ2

Hearing difficulties
(a) Independent 59.23 42 .04 0.95 0.94 0.10 0.06 [0.01, 0.10] 2.96a

(b) Indirect 60.39 42 .03 0.95 0.93 0.09 0.07 [0.02, 0.10) 3b

(c)  Independent 
+ Indirect

56.28 41 .06 0.96 0.94 0.07 0.06 [0.04, 0.10]  

Mind-wandering
(a) Independent 114.14 75 .002 0.90 0.88 0.09 0.07 [0.04, 0.10] 4.19a*
(b) Indirect 109.55 75 .006 0.92 0.90 0.08 0.07 [0.04, 0.09] .42b

(c)  Independent 
+ Indirect

109.57 74 .004 0.91 0.89 0.08 0.07 [0.04, 0.09]  

Switching
(a) Independent 84.39 63 .04 0.95 0.93 0.08 0.06 [0.02, 0.09] .84a

(b) Indirect 97.83 63 .003 0.91 0.89 0.11 0.07 [0.04, 0.10] 13.07b*
(c)  Independent 

+ Indirect
83.43 62 .04 0.95 0.93 0.08 0.06 [0.02, 0.09]  

Note. CFI = comparative fit index; TLI = Tucker-Lewis index; SRMR = standardized root 
mean square residual; RMSEA = root mean square error of approximation.
aModel (a) versus Model (c); bModel (b) versus Model (c); *p < .05.

Reported 
hearing 

difficulties

Interference
11.6% 

Annoyance
18.3% 

.34 .21

.31

p = .01 p = .06

p = .02

Figure 2. Structural Equation Model depicting the direct effect of reported 
hearing difficulties on noise interference and annoyance, as well as the indirect 
effect on annoyance through interference.
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quite noisy, and they were moderately annoyed by noise (their overall ratings 
were close to those reported by Enmarker and Boman (2004) on their sample 
of 13- to 14-year-olds).

Noise Interference and Noise Annoyance: Two Separate Yet 
Correlated Constructs

Results from our factorial analyses showed that being annoyed by noise and 
experiencing interference with learning activities formed two correlated yet 
distinguishable dimensions. Although our results are based on a relatively 
small sample size (Mundfrom et al., 2005) compared to previous studies 
(Boman & Enmarker, 2004), they are in line with Kjellberg et al. (1996)’s 
empirical results on an adult population. It also fits with Stallen (1999)’s 
theoretical suggestion that annoyance reactions contain an emotional compo-
nent that goes beyond the fact that, on a cognitive level, noise causes difficul-
ties with achieving on-going goals and tasks.

However, this distinction between annoyance and interference was not 
found by Boman and Enmarker (2004). This could be due to the different 
items included in their analyses. The general factor of Annoyance reported by 

Mind-
wandering

Interference
39.8% 

Annoyance
8.5% 

.63 .29

p < .001 p = .006

Figure 3. Structural Equation Model depicting the indirect effect of mind-
wandering on noise annoyance through noise interference.

Interference
37.3% 

Annoyance
36% 

Switching 
skills

- .61

p < .001

p < .001

- .60

Figure 4. Structural Equation Model depicting the direct effects of switching skills 
on noise interference and annoyance.
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Boman and Enmarker (2004) included questions related to difficulties with 
concentrating on an ongoing task, and to the influence of noise on workload, 
which could be considered to represent interference. Their item related to the 
level of irritation by noise could correspond to annoyance (e.g., expressing a 
negative feeling). Three other items were a bit more ambiguous, reflecting 
disturbance, surprise, and “thinking about noise.” It is unclear whether these 
items describe a process of interference with one’s thoughts, the fact of hav-
ing noticed the noise, and/or an emotional reaction, and this could explain 
why a broad Annoyance factor was extracted. Importantly, our factor of 
Interference specifically targeted the fact that noise was conflicting with an 
ongoing activity, making children lose track of their thoughts, work, or of an 
ongoing discussion in the classroom. This was different from simply noticing 
noise, as reflected in our factor of Attentional Capture.

The distinction between the Interference and Annoyance constructs helped 
to better understand inter-individual differences in children’s reactions to 
noise. Children who reported greater difficulties in hearing in the classroom, 
and in switching from one task to another, reported more interference and 
annoyance from noise. Children who had a greater propensity to let their 
minds wander also experienced more interference from noise but were only 
annoyed by noise to the extent that it produced interference – the relationship 
between mind-wandering and noise annoyance was not direct.

Children with Hearing Difficulties are More Distracted and 
Annoyed by Classroom Noise

Overall, children reported few difficulties with hearing when the teacher (or 
a classmate) was talking to them, or to the entire classroom. There was, how-
ever, inter-individual variability, with some children reporting more frequent 
hearing difficulties. For these children, noise seems to interrupt their ongoing 
activity, and to be particularly annoying.

It is worth noting that a model in which hearing difficulties independently 
predicts Interference and Annoyance, with no correlation between these two 
reactions to noise (as in Figure 1a), did not have a good fit. Similarly, a model 
specifying a strict indirect effect, with hearing difficulties predicting 
Annoyance through Interference (as in Figure 1b) did not have a good fit 
either. Our final model indicates that hearing difficulties predict both 
Interference and Annoyance, and that these two reactions to noise are in part 
related to each other, as indicated by a marginal indirect effect. However, for-
mal comparisons between the combined model and each of the simpler mod-
els (predicting independent effects, or an indirect effect) were not significant.
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Children reporting hearing difficulties might have troubles to understand 
speech in noise and might therefore lose track of the messages that are being 
communicated—three out of the four classroom activities that were included 
in our questionnaire required listening to other people. Annoyance ratings 
could partly relate to children’s overall frustration with communication and 
listening difficulties.

The assessment of hearing difficulties in the present study was subclini-
cal and relied on self-report, since the number of children clinically referred 
for hearing problems (one) was too small to allow for group comparisons. 
However, in line with Boman and Enmarker (2004), our results suggest that 
hearing difficulties considered on a continuum can help explaining inter-
individual variability in children’s reactions to noise.

Children with Switching Difficulties are More Distracted and 
Annoyed by Classroom Noise

Beyond hearing processes, our study included a questionnaire about switch-
ing skills. Children with lower switching skills typically have difficulties in 
moving from one task to another, or in re-focusing on an activity after having 
been interrupted.

Our results indicate that switching skills predict Interference and 
Annoyance via two, relatively independent pathways. The model specifying 
an indirect effect of switching skills on Annoyance through Interference did 
not have a good fit, and a model combining both independent direct effects 
and an indirect effect was no better than the simple, independent model, that 
was favored for the sake of parsimony. It is worth noting that reported switch-
ing skills explained a similar amount of variance in noise Interference and 
noise Annoyance (37.3% and 36% respectively).

The link between switching skills and Interference indicates that children 
with switching difficulties tend to lose track of a discussion more easily in the 
presence of noise, and also to have difficulties focusing on their own thoughts 
when engaged in solo work. This is in line with Carriere et al.’s (2013) find-
ings on an adult population. Switching skills rely on the capacity to inhibit 
unwanted representations (also known as inhibitory control), and on working 
memory, to “load” representations for the task of interest (Diamond, 2013). 
Good inhibitory control and working memory have been identified as two 
protective factors reducing the impact of noise on performance, as assessed 
in behavioral tasks (Massonnié et al., 2019; Sörqvist, 2010; Sörqvist et al., 
2010). Future studies assessing children’s switching skills with behavioral as 
well as self-report tasks would help to bridge the gap between these two 
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strands of research, while allowing for a better understanding of the pro-
cesses underlying noise interference.

Different mechanisms might be at play to explain why better switching 
skills are related to less annoyance from noise. Some strategies to reduce 
noise annoyance involve a re-evaluation of the noise source (Guski, 1999; 
Stallen, 1999), for example, perceiving an external conversation as a social 
signal instead of an intrusion on privacy. This would require the ability to 
change perspective flexibly, which is a component of switching skills 
(Diamond, 2013). Qualitative studies might be insightful to better understand 
children’s attitudes and annoyance reactions (Haines et al., 2003).

Children Who Tend to Let Their Minds Wander are More 
Distracted, But Not More Annoyed by Classroom Noise

A coping mechanism mentioned by children in Boman & Enmarker’s 
(2004) and Haines et al.’s (2003) interviews is to disappear into daydreams, 
or to think about something other than the noise. Our best fitting model 
indicated that mind-wandering only explains a small proportion of the 
variance in Annoyance (8.5%). Mind-wandering was indirectly, but not 
directly related to noise Annoyance: more mind-wandering led to more 
noise Annoyance only insofar as children were more distracted by noise. 
Mind-wandering explained a non-negligible 39.8% of the variance in 
Interference, an effect in line with theoretical (McVay & Kane, 2010), and 
empirical (Carriere et al., 2013; Forster & Lavie, 2014) accounts of mind-
wandering as reflecting a lack of attentional control. In that sense, mind-
wanderers would have difficulties focusing on their work or on an ongoing 
discussion in the presence of ambient noise. Note that this could reflect a 
lack of inhibition similar to that experienced by children with switching 
difficulties. In their adult study, Carriere et al. (2013) reported a positive 
correlation between self-report measures of mind-wandering and switch-
ing difficulties.

Explaining Noise Interference and Noise Annoyance in 
Classroom Settings

Our models explained a non-negligible proportion of variance in children’s 
self-report of noise Interference and noise Annoyance. The models with 
mind-wandering and switching skills as predictor variables respectively 
explained 39.8% and 37.3% of the variance in noise Interference. In compari-
son, reported hearing difficulties only explained 11.6% of the variance in 
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noise Interference. Switching skills also explained 36% of the variance in 
Annoyance reactions. Hearing difficulties and mind-wandering respectively 
explained 18.3% and 8.5% of the variance in this variable. Thus, while other 
explanatory factors may also be at play, the present study has successfully 
identified several sources of inter-individual variability in children’s reported 
responses to noise in classroom settings. Switching skills seem to be a prom-
ising mechanism to further investigate.

Practical Implications for Educational Contexts

By examining three sources of inter-individual variability (reported difficul-
ties with hearing, switching skills, and mind-wandering propensity), our 
study shows that there might be different cognitive mechanisms by which 
noise interferes with learning, and causes annoyance. This could be per-
ceived as a challenge for educators and practitioners willing to improve chil-
dren’s wellbeing in the classroom context. However, a closer look at current 
suggestions to help children from each of these three groups reveals some 
commonalities.

Children with difficulties with hearing would benefit from a higher signal 
to noise ratio. In other words, the target message (e.g., oral instructions given 
by the teacher) needs to be more distinguishable from the irrelevant back-
ground noise (Picard & Bradley, 2001; Shield & Dockrell, 2003). This could 
be done by: improving the classroom’s design in order to reduce reverbera-
tion time, increasing the loudness of the main message, reducing noise levels 
to start with (Crandell & Smaldino, 2000).

Acoustical regulations in the United-States and in the United Kingdom 
recommend an upper limit of LAeq, 30min 35 dB and a reverberation time below 
.60 in unoccupied teaching spaces (Acoustical Society of America, 2010; 
Education Funding Agency, 2015). LAeq is a measure of equivalent continu-
ous sound pressure level during a specific time interval, adjusting for the 
varying sensitivity of the ear to sounds of different frequencies (World Health 
Organization, 2018). The reverberation time of a sound indicates the time 
required (in seconds) for the level of a sound to decay by 60 dB after it has 
been turned off (Acoustical Society of America, 2010). As such, acoustical 
regulations aim to ensure that classrooms are exposed to a low level of back-
ground noise coming from the outside and are equipped with an acoustical 
design that allows sounds to decay relatively quickly.

However, these recommendations are not systematically met (e.g., Ronsse 
& Wang, 2013; Shield & Dockrell, 2004). Asking teachers to further raise 
their voice does not appear to be a relevant long-term solution, since they are 
more at risk of developing voice problems (Martins et al., 2014). Accessible 
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and affordable solutions to lower noise levels deserve further investigation. 
These could consist in physical (e.g., material to be installed in classrooms) 
as well as pedagogical (e.g., interventions to minimize noise generated by 
children when it is the most disturbing) solutions (Massonnié et al., 2020).

Beyond overall sound levels, the present study offers more insight into the 
cognitive mechanisms that underlie children’s subjective reactions to noise 
within a single classroom. In other words, it helps to better understand why 
some children are more vulnerable than others, and points toward some 
potential ways to alleviate their difficulties. For example, children with 
switching difficulties report more annoyance and interference from noise. 
They might benefit from interventions which reduce the amount of distrac-
tions that creates a need to switch. But given the difficulty to reduce sound 
levels, the possibility to help them improve their capacity to alternate between 
one task and another should be further investigated (Diamond & Lee, 2011; 
Diamond & Ling, 2016). Furthermore, raising awareness about mind-wan-
dering could help students to detect the occurrence of daydreaming and to 
re-focus on the external task when engaged in learning. Overall, keeping in 
mind the sources of inter-individual variability might help to develop a more 
child-centered approach to the issue of noise in schools.
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