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Creativity is considered an important skill in learning but little is known about the
environmental factors affecting it in classroom settings. Extending adult findings, this
study assessed whether moderate multi-talker noise promotes children’s creativity, and
whether this is modulated by children’s age, working memory, and selective attention.
Forty-four elementary school children between 5 and 11 years of age, divided into
younger and older age groups, participated in this within-subjects’ study. The children
completed two idea generation tasks; each participant performed the task both in
silence and in moderate (64 dB) classroom noise. Selective attention skills, verbal and
visuospatial working memory were assessed with behavioral tasks. Results showed that
there were no conditions in which classroom noise promoted children’s creativity whilst
some negative effects of noise were observed. Younger children (between 5 and 8 years
of age) with low selective attention skills were especially at risk: they gave fewer ideas in
the presence of noise, and these ideas were rated as less original. Children with good
selective attention skills were globally protected against the effects of noise, performing,
similarly, in silence and noise. Future studies about children’s specific creative strategies
might help shed light on the mechanisms underlying these effects.
Keywords: classroom noise, executive functions, creativity, selective attention, working memory

INTRODUCTION
Creativity involves the construction of new ideas and products, which are considered both original
(unique) and of value (in other words, appropriate, or useful; Runco, 2003). Learning and creativity
are intertwined processes that can both be cultivated in the classroom (Guilford, 1967). According
to Pang (2015), idea generation – the process of creating new and potentially useful ideas – can
be seen as a part of learning, in that it induces a change in a person’s knowledge or behavior. This
process of making new connections and transformations between different elements of knowledge
can positively impact learning in many areas of the curriculum. For example, idea generation during
a reading session in the classroom might involve encouraging children to imagine a brand new
storyline or to suggest what might follow a particular event in a story (Pang, 2015). Similarly,
in mathematics, idea generation can be used to redefine problems, or to find multiple ways to
solve them (Beghetto and Kaufman, 2014; Pang, 2015). Idea generation is central to what children
do at school.
Research on creativity has generally focussed on the cognitive processes and personality
traits associated with creative thought (i.e., intelligence, knowledge base, risk-taking, openness to
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noise performed better on a mathematics task, than those in a
quieter condition (Zentall and Shaw, 1980). Slater (1968) tested
children in their actual classroom, while noise ranging from 55
to 90 dB was coming from external rooms and corridors. They
found no significant effect of noise on reading performance,
compared to a quieter condition. Note that these effects seem to
be specific to complex tasks such as reading and mathematics,
and are in contrast with a negative impact of multi-talker
classroom noise on sustained attention (Zentall and Shaw, 1980;
Dockrell and Shield, 2006). Crucially, the impact of mixed,
multi-talker classroom noise on performance differs from that
of single-talker noise, or simpler babble noise, that is not mixed
with other environmental sounds. These have been shown to
impair children’s sustained attention (Dockrell and Shield, 2006),
serial recall (Elliott, 2002; Klatte et al., 2007, 2010; Elliott and
Briganti, 2012), as well as performance on sentence completion,
spelling and arithmetic tasks (Dockrell and Shield, 2006, but see
Kassinove, 1972).
Mehta et al. (2012) go a step further than the experiments
on school performance by measuring potential mechanisms
by which noise might impact creativity, that is to say,
participants’ level of distractibility. In their study, the positive
effects of moderate multi-talker noise on creativity was
associated with a feeling of being distracted and less able to
concentrate in comparison to lower levels of noise. A redirection
of attention might therefore explain the effects of noise
on creativity.
However, how attention is deployed in noisy situations is
debated. Some theories point to a role of attentional resources
in coping with noise, others posit automatic interference of
attention by speech sounds, and still others say that both
processes are at play (for a review, see Elliott, 2002). Classroom
noise seems especially likely to capture attention. It often
comprises an amalgam of noise sources (e.g., different people
talking at the same time, external events such as road traffic, as
well as local tools and devices); it is heterogeneous and irregular.
Its lack of order might trigger “deviant effects” (i.e., a sound
that stands out or deviates from the context, such as a door
slamming or chair scraping). It is in such situations that attention
can be captured and focus on the main task can shift (Hughes
et al., 2007). Instead of being an easily ignorable background
noise, classroom noise might require the redirection and control
of attention. In this respect, Mehta et al. (2012)’s results are
consistent with other recent findings that interrupting an ongoing train of thought can lead to greater subsequent creativity
(e.g., Baird et al., 2012; Wang et al., 2014).
However, creating new and useful ideas involves a great
deal more than managing one’s attention. It also involves the
manipulation, evaluation, and selection of information (Golden,
1975; Nusbaum and Silvia, 2011; Benedek et al., 2014; Edl
et al., 2014; Kleibeuker et al., 2016). Therefore, it is possible
that distraction from noise will be overwhelming for young
children, for whom such skills are still developing. Older
children, by contrast, might behave more like adults, benefiting
from noise interference, since they might have developed
sufficient attentional resources to integrate distractions into the
creative process.

experience, motivation, etc.; Guilford, 1967; Runco, 2003; Barbot
et al., 2016). Studies looking at the environmental factors
supporting creative thought, in the classroom or in the workplace,
tend to concentrate on social and organizational factors such as
the level and type of support provided by teachers/managers,
the presence of collaborative settings, or access to relevant
resources (Amabile, 1982; de Souza Fleith, 2000; Fasko, 2001;
Shalley and Gilson, 2004). However, little is known about the
physical environmental factors, including noise, that are likely to
influence creativity.
A recent paper by Mehta et al. (2012) explored the idea that a
certain amount of ambient environmental noise might actually
have a beneficial effect on creative processes. Using several
canonical creative cognition tasks, in which participants had to
generate multiple ideas and/or find links between words, Mehta
et al. (2012) discovered that adults’ creativity was enhanced
when in a moderate-noise environment (versus low noise or
high noise). Dubbed the “Starbucks effect” this series of studies
showed that when participants were exposed to noise of the
level and type found in coffee shops (70 dB, with varying traffic
and speech sounds overlapped), they gave more original answers
compared to participants working in low noise (50 dB) and high
noise (85 dB) conditions. This leaves open the question as to
whether noise is beneficial or detrimental to creative cognition
in childhood.
This question is particularly relevant to education because
noise is a ubiquitous environmental factor in classroom learning.
During class time, children are surrounded by conversational
noise, sounds from devices such as computers or printers, as
well as noise from adjacent classrooms or outside. Even when
they are engaged in solo work, children are rarely in silence;
they search for things in their pencil case, move their chairs and
receive intermittent comments from their teacher. Noise levels
can range from moderate (56dB during silent reading or testing),
to high (76.8 dB during group work involving movement), with
an average of 72 dB during the school day (Shield and Dockrell,
2004). If one is trying to promote creativity by encouraging
discovery learning and collaboration in the classroom (de Souza
Fleith, 2000; Fasko, 2001), noise levels are likely to be between
70 and 76.8 dB. These values are close to the “optimal” level of
noise for creativity highlighted by Mehta et al. (2012). Crucially,
Mehta et al. (2012) were keen to examine the effects of “real
world” noise, and so used a mix of multi-talker voices, roadside
traffic and distant construction noise in their study. This noise
is similar to the type of noise experienced in classrooms, and
more naturalistic than that previously used in research into
noise and creativity (Martindale and Greenough, 1973; Kasof,
1997; Hillier et al., 2006).
Mehta et al. (2012) conclude that noise is not necessarily
detrimental to performance. This is not an anomalous finding;
Ljung et al. (2009) found that recorded multi-talker noise equally
had no negative impact on reading speed, reading comprehension
or maths and some have even shown that performance on
comprehension and spelling tasks can be better in the presence
of mixed noise (e.g., recorded babble noise, plus external noise,
such as trucks and sirens) than quiet settings (Dockrell and
Shield, 2006). Similarly, children exposed to 70 dB of “free play”
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child being tested in silence and noise. Unlike the betweensubject design used by Mehta et al. (2012), this design allowed
to control for confounding variables, such as inter-individual
differences in baseline levels of creativity, when assessing the
main effect of noise. In addition, this design was chosen to
increase the ecological validity of the results as individual
children in classrooms are exposed to varying levels of noise,
depending both on time of day and the kind of activity they are
doing. It is unlikely that different groups of children will only be
exposed to one specific noise range.
The role of attention was assessed in two ways. First, to
provide a developmental perspective, two groups of children were
compared: those between 5 and 8 years old (early elementary/UK
Key stage 1), and those between 8 and 11 years old (upper
elementary/UK Key stage 2). Secondly, behavioral assessments of
both working memory and selective attention were included. This
way, it was possible to directly assess whether selective attention
was the main component modulating the impact of noise on
creativity, independently, or in conjunction with age.
We hypothesized that, in accordance with Mehta et al.’s (2012)
results, children would give more original ideas in the moderate
classroom noise condition than in silence. We expected this
effect to interact with children’s level of selective attention, and
consequently with age, since selective attention skills are known
to vary with age (Lane and Pearson, 1982).

To date, the few developmental studies that have assessed
how children’s ability to cope with noise evolves with age
have focused on memory performance. Although memory
performance is consistently impaired by speech noise, there is
debate about whether such impairment diminishes with age
(Elliott, 2002; Klatte et al., 2010). An underlying assumption
is that, if attention plays a role in the ability to cope with
noise, younger children, who have lower attentional skills (Best
and Miller, 2010; Diamond, 2013), would be more impaired by
noise than older children and adults. However, the evidence
from these studies is limited by the fact that they have not
assessed attention directly. The only studies which have directly
assessed attentional skills and whether they modulate the impact
of noise have involved adults (Sörqvist, 2010; Sörqvist et al., 2010;
Elliott and Briganti, 2012).
To provide a clear account of the available evidence, we
need to clarify the meaning of two cognitive processes: working
memory and selective attention. Both skills are considered
“executive functions” (EF), allowing us “to concentrate and
pay attention, when going on automatic or relying on instinct
or intuition would be ill-advised, insufficient, or impossible”
(Diamond, 2013, p. 135). Working memory is the ability
to both store and manipulate information that is no longer
perceptually present. Selective attention represents resistance
to external distractors, and is an aspect of inhibitory control
(Miyake et al., 2000; Diamond, 2013). Sörqvist et al. (2010)
tested how working memory mediates the impact of speech
noise on adults’ reading comprehension. Their working memory
test involved having participants identify and remember the
three smallest numbers in a list. Overall, noise negatively
impacted reading comprehension. Note that the noise in
this experiment consisted of hearing someone telling a story
(i.e., noise likely to evoke more semantic and phonological
processing than mixed, multi-talker noise), which could explain
the negative effect on the reading task. Notably though,
participants with lower working memory skills were susceptible
to greater interference from noise. Analyzing the different
components of the working memory task, the authors noted
that the mediation effect was mainly explained by the ability
to suppress irrelevant numbers immediately from memory.
Careful analyses of different EF components showed that it was
selective attention, rather than working memory, which was
the key factor. Other studies provided further evidence of this:
a working memory measure, which did not require inhibiting
previous mental representations, did not mediate the effect of
speech on serial recall (Elliott and Briganti, 2012) or on reading
comprehension (Sörqvist, 2010).
To sum up, the current study aims to better understand
the cognitive mechanisms by which multi-talker classroom
noise might either increase or depress children’s creativity.
Specifically, it will address three questions: (1) Do elementary
school children benefit from moderate amounts of classroom
noise when performing an idea generation task? (2) Does the
effect of noise vary depending on children’s age? (3) How is this
effect modulated by attentional skills?
In the current study, a within-subject manipulation was used
to assess the impact of noise on idea generation, with each

Frontiers in Psychology | www.frontiersin.org

MATERIALS AND METHODS
Participants
Forty-seven primary school children were tested at the University
during a public engagement event called Bright Sparks. Children
were invited to participate in pedagogical activities about the
brain, as well as participate in research. Three children (two who
were not fluent in English and one with a hearing impairment)
were subsequently excluded. The final sample included 44
children, from 4.95 to 11.36 years of age. The children were
split into two age groups representing lower (UK Key stage 1)
and upper (UK Key stage 2) primary school. The younger group
included children up to 8 years of age (n = 23, M = 6.54, SD = 0.95,
16 girls), whereas the older age group included children above
8 years of age (n = 21, M = 9.65, SD = 0.91, 7 girls). The
project received ethical approval from both the Departmental and
University Ethics Committees. Following an opt-in procedure,
all the children gave verbal consent to participate, and written
informed consent was obtained from their guardian. The study
was conducted in accordance with the Declaration of Helsinki.

Procedure
Children were tested individually over three short sessions. The
presentation order of the three test sessions was randomized
across children, and the children were given short breaks between
each test session. The first two sessions included assessments
of selective attention and visuospatial working memory, on
one hand, and of verbal working memory, on the other hand.
They were performed in silence. In the third session, two idea
generation tasks were performed (Alternative Uses Task and
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Just Suppose, see section Measures below for details). Each
of these tasks was performed once in silence and once in
noise. The order and type of these creative tasks was fully
counterbalanced across participants. The order of the noise
conditions was counterbalanced in a semi-random way, to
ensure there were neither two consecutive silent tasks nor two
consecutive noisy tasks. In other words, all children consistently
had to switch between silence and noise when tested for creativity.
The noise stimulus consisted of classroom noise (including bits
of conversation, movement noise and outside noise), played at
64.3 dB(A) on average (LAeq(5 min) = 63.1 dB(A); Range = [52.8–
76.1 dB(A)]). This average noise level was deliberately slightly
below the 70 dB target to allow for the additional noise created
by the experimenter and the participant, who were themselves
talking and manipulating objects. Testing took 1 h in total.
Parents were invited to fill in a socio-demographic questionnaire
while their child was being tested. In particular, socio-economic
status was assessed to make sure that the younger and older
children of our sample had a comparable family background.

Selective Attention
Selective attention was tested using child-friendly Stroop and
Flanker tasks. In the nonverbal Stroop task, programmed with
Matlab 9.1.0, pairs of animals (e.g., lion and rabbit) were
presented in varying sizes (Catale and Meulemans, 2009).
Participants had to indicate which was the biggest animal in
real life, an answer which corresponded to the biggest picture
in congruent trials and to the smaller picture in incongruent
trials (see Appendix B). In other words, children had to inhibit
the perceptual characteristics of the stimuli, in order to answer
according to the animals’ real relative size. There were 72
trials (50% were congruent). Trials terminated after 3000 ms.
The Flanker task was adapted from Rueda et al. (2004) and
programmed with Gorilla.sc2 . Children saw a row of five fish,
and had to indicate the direction the middle fish was swimming
(either to the left or right). The surrounding fish were either
pointing in the same direction (congruent trials) or in the
opposite direction (incongruent trials). There were 96 trials
(50% were congruent), and the direction of the middle fish
varied randomly between left and right. Four types of trials were
therefore presented (see some examples in Appendix C): all the
fish pointing to the right (25%), all the fish pointing to the left
(25%), middle fish pointing to the right and flanking fish to the
left (25%), middle fish pointing to the left and flanking fish to the
right (25%). There was no timeout within the task. However, to
ensure that reaction time limits would be equivalent to that of the
Stroop task, trials for which children took longer than 3000 ms to
answer were excluded. Finally, for both the Flanker and Stroop
tasks, RTs under 200 ms (being too short to allow perception
of the stimulus) were excluded, as well as RTs above 3 standard
deviations from the mean of each subject (to prevent extreme
values from influencing the results).

Measures
Socioeconomic Status
Two indicators of socio-economic status were used. First, parents
reported their highest level of education (Hackman et al.,
2015), coded on a 5-points Likert scale (1: High school; 2:
Some college; 3: Undergraduate degree; 4: Some postgraduate;
5: Higher postgraduate). Secondly, postcodes were used to
compute the Index of Multiple Deprivation corresponding to the
family’s home. This index ranks areas from 1 (most deprived)
to 32,844 (least deprived) according to seven domains: income,
employment, education, health, crime, barriers to housing, and
the living environment (Department for Communities and Local
Government, 20151 ; see Barnes et al., 2006 for the use of the IMD
in educational research).

Idea Generation

Verbal working memory was tested using a Backwards Digit Span
task (St Clair-Thompson and Gathercole, 2006). Children had
to repeat back in reverse order a list of digits spoken by the
experimenter. List lengths started at two digits and there were
four trials per list-length level. Children had to succeed on three
trials to move on to the next level. The total number of correct
trials was recorded. Visuospatial working memory was assessed
using a computerized variant of the Corsi block task (Berch et al.,
1998): the frog matrices task programmed with Matlab 9.1.0.
Participants saw a display of 9 lily pads (3 × 3, see Appendix
A). They had to remember the movements of a frog, jumping
on the lily pads, and to click on them in reversed order (also see
Morales et al., 2013, for the same task design, but using a forward
recall procedure). List lengths started at two. That is to say, the
frog started from a given lily pad, and jumped twice. It stayed on
the final lily pad and children had to click on the previous two
lily pads, starting with the most recent. There were four trials per
list-length level, children having to succeed on three trials before
moving on to the next level.

The Alternative Uses Task (AUT) was used to compare results
with those reported in Mehta et al. (2012)’s study. Furthermore,
to evaluate the generalizability of the findings, the Just Suppose
test, from Torrance (2016) was also used. In the AUT, children
had to come up with as many interesting and unusual uses as
they could for two everyday objects – a plastic bottle and a
pencil – within 3 min. They were asked to use their imagination
to come up with new ideas and to go beyond the uses they
had seen or heard before. The exact instructions are provided in
Appendix D. In the Just Suppose task, children were presented
with two imaginary situations. For the exact instructions, see
Torrance (2016). After having heard each scenario, children
were asked to suppose that the situation really happened, and
were prompted to think about all the other things which might
happen because of it, within 5 min. The two idea generation tasks
were scored according to two indicators: fluency and originality.
Fluency scores correspond to the total number of ideas given by
a participant; all answers were counted, except answers that were
an exact repetition of the instruction – e.g., for the AUT, saying
that a pencil could be used to draw or to write. Elaborations such
as “drawing a flower,” “drawing a house” were counted, since they

1

2

Working Memory

http://dclgapps.communities.gov.uk/imd/idmap.html
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were not an exact repetition of the instructions. Finally, responses
that were too broad to represent a specific idea (e.g., “you can
use it to make things”) were also removed. Interrater reliability,
calculated on 25% of the sample, was high for the AUT (α = 1
for both objects) as well as for the Just Suppose task (α = 0.99 for
both scenarios). Originality scores were calculated for each idea
that contributed to the fluency score (that is to say, repetitions
were also excluded for originality scoring). We followed the
scoring method provided by Torrance (2016) to score the Just
Suppose task. Interrater agreement was high (αstrings = 0.89,
αfog = 0.69). As in Mehta et al. (2012), originality ratings for the
AUT were made by four external raters, following a “Consensual
Assessment Technique” (Amabile, 1982). Using a scale from 1
(not at all creative) to 5 (highly creative), raters were instructed
to take into account their “sense of originality and inventiveness
of each response, in one holistic measure.” The participants’
scores were averaged for each answer. Note that this method
broadly includes a rating of appropriateness in the concept of
“inventiveness” though we did not want to over-emphasize that
dimension since this would mean projecting adults’ judgments
of utility on children’s ideas and some ideas can be meaningful
to children in ways that differ from adults’ standards (Runco,
2003). Our method reflects only one way to score the AUT.
The frequency method is also widely used, but revealed several
limitations when we tried to apply it. This method involves
compiling a list of all the answers provided by the participants,
and selecting a threshold below which ideas can be considered
“unusual.” For example, an idea that is given less than 5% of
the time could be given a point for originality, and an idea that
is given less than 1% of the time 2 points. Using this method
raised two major issues. First, compiling a list of ideas and
selecting which ones were “unique” was difficult, given that every
answer was worded slightly differently. Interrater agreement was
hard to reach. Furthermore, choosing if two similar yet different
ideas (e.g., “drawing a house” and “drawing a house invaded
by zombies”) should be considered “unique” seemed to reflect a
process of categorization that is more characteristic of flexibility
processes (the capacity to give different categories of ideas),
than of originality per se. Given the high level of interrater
reliability that was achieved using the external raters method
(αpencil = 0.80, αbottle = 0.82), this widely-used scoring procedure
was deemed preferable.

TABLE 1 | Reaction times for congruent and incongruent trials at the Flanker and
Stroop tasks, per age group.
Flanker

Stroop

Congruent

Incongruent

Congruent

Incongruent

Young

987.79

1041.63

1064.90

1170.69

Old

797.71

831.03

862.05

913.36

Full sample

897.27

941.35

968.31

1048.15

congruent and incongruent conditions) were retained as the core
measure of selective attention (see Table 1 for the descriptive
statistics). Analyses of variance, with Congruency as a withinsubject factor (two levels: Congruent vs. Incongruent), and Age
(two levels: Young vs. Old) as a between-subject factor were
carried out.
For the Flanker task, reaction times were significantly
longer for incongruent than congruent trials [F(1, 40) = 12.36,
p = 0.001, η2p = 0.236]. There was a main effect of Age,
showing that children above 8 years of age were generally faster
[F(1, 40) = 11.71, p = 0.001, η2p = 0.226], but there was no
interaction between Age and Congruency [F(1, 40) = 0.685,
p = 0.413, η2p = 0.017].
For the Stroop task, RTs were also longer for incongruent
than congruent trials [F(1, 40) = 38.45, p < 0.001, η2p = 0.490].
As for the Flanker task, children above 8 years of age
were globally faster than their younger peers, as indicated
by a main effect of Age [F(1, 40) = 18.42, p < 0.001,
η2p = 0.315]. The effect of Age interacted with that of
Congruency, the difference between congruent and incongruent
trials being smaller for the older group [F(1, 40) = 4.62,
p < 0.038, η2p = 0.104].
For each participant, a reaction time cost score was calculated,
by subtracting the mean reaction time for correct answers
to the congruent trials, from the mean reaction time for
correct answers to incongruent trials. Higher values indicate
poorer selective attention (since it takes proportionally longer
to give correct answers for incongruent trials). An outlier was
detected for the Flanker task, the difference in reaction times
between congruent and incongruent trials being more than
three standard deviations above the mean of the sample. This
data point was subsequently excluded from the analyses on the
Flanker task.

RESULTS
Group Differences

The raw data supporting the conclusions of this manuscript will
be made available by the authors to any qualified researcher.
Analyses of variance were performed using SPSS 23. Bayesian
factors were computed with JASP 0.9.0.1.

There was no significant difference in socio-economic status
between the two age groups, as revealed by a Chi-Square test
carried out on the parental education measure [χ2 (4) = 1.511,
p = 0.825], and by an independent sample T-test performed
on the Index of Multiple Deprivation (IMD) [t(35) = 0.34,
p = 0.737]. Overall, parental education was relatively high: 47.7%
of the parents had achieved a postgraduate level of education
and 20.5% of them achieved an undergraduate level of education.
Only 4.5% stopped at a college level, and 2.3% at a secondary
school level of education. The median for the Index of Multiple
Deprivation was 19,040, and ranged from 641 (indicating that

Pre-processing of the Selective Attention
Tasks
Accuracy (the proportion of correct trials) was at ceiling for
both the Flanker (M congruent = 95.28%; M incongruent = 92.15%)
and Stroop (M congruent = 95.02%; M incongruent = 92.34%) tasks.
Therefore, reaction times for correct answers (in both the
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weight the evidence for the null hypothesis. In other words,
they can be used to assess the evidence of an effect (evidence
for the alternative hypothesis, noted BF10 ), and the evidence
for the absence of an effect (evidence for the null hypothesis,
noted BF01 ). Indicative thresholds to measure the strength
of the evidence range from 3 (moderate evidence) to 100
(very strong evidence). Numbers between 10 and 30 represent
strong evidence. More information on Bayesian models and
the corresponding procedures can be found in Quintana and
Williams (2018) and Wagenmakers et al. (2018a,b).
Since the within-subject difference between creativity scores
obtained in silence and noise was the focus of these analyses, for
both types of analyses, data points for which this difference was
three standard deviations from the mean were excluded from the
analyses. This corresponded to a maximum of one child being
excluded per creativity test.
Descriptive statistics are reported in Tables 3, 4.

some families came from the 10% most deprived areas of the
United Kingdom), to 32,832 (10% least deprived areas). However,
not all parents completed the questionnaire. Parental education
and IMD data were only available for 33 (75%) and 37 (84%)
children, respectively.
Table 2 reports the means and standard deviations for
each executive function measure per Age group, as well as
the results of independent sample T-tests comparing the two
groups. Missing data for some tests is due to children’s
desire to stop, or programming errors (in the computerized
visuospatial working memory task). For all the T-tests, the
assumption of equality of variance between the two groups was
tested with the Levene’s Test. No violations were identified,
with all p-values above 0.281. Similarly, distributions were
checked to verify the assumption of normality. Only the
distributions for the Flanker task significantly departed from
normality (for the younger group, Shapiro-Wilk W = 0.859,
p = 0.006; for the older group, W = 0.873, p = 0.013).
Results indicated that younger children had lower verbal and
visuospatial working memory, and (in line with the analyses
presented in section Pre-processing of the Selective Attention
Tasks) higher Congruency costs at the Stroop task, indicating
lower selective attention.
Bayes Factors in favor of the alternative hypothesis (noted
BF10 ) were also calculated. The alternative hypothesis states
that there is a difference between the two age groups.
Tests were double-sided to mimic the T-tests. Bayes factors
offer the advantage of quantifying evidence in favor of the
alternative hypothesis in a more continuous fashion than
the p-value. The magnitude of the evidence is presented
as an odds-ratio (Quintana and Williams, 2018). Here, the
Bayes Factor for the verbal working memory test indicated
that the observed data was 19.95 more likely under the
alternative hypotheses than the null. This could be considered
as strong evidence for a difference between the two age
groups (Wagenmakers et al., 2018a). Similarly, the Bayes factor
for the visuospatial working memory brings confidence in
the T-tests result, providing very strong evidence in favor
of the alternative hypotheses. However, the age difference
at the Stroop task, as assessed by the Bayes factor, can be
considered inconclusive.

Alternative Uses Task
Fluency scores
There was no main effect of Noise on the fluency scores in the
Alternative Uses Task [F(1, 38) = 0.21, p = 0.651, η2p = 0.005]. The
Bayes Factor indicates that the null hypothesis (of no difference
between silent and noisy sessions) is 12.66 times more likely that
the alternative hypothesis stating that there is a difference. There
was no main effect of Age on the fluency scores [F(1, 38) = 1.37,
p = 0.249, η2p = 0.035, BF01 = 2.80]. Finally, the effect of Noise
did not interact with Age [F(1, 38) = 0.02, p = 0.887, η2p = 0.001,
BF01 = 12.20].

Originality scores
For the originality scores, traditional MANOVAs indicated no
main effect of Noise [F(1, 38) = 0.94, p = 0.338, η2p = 0.024,
BF01 = 4.48]. There was a main effect of Age [F(1, 38) = 9.11,
p = 0.005, η2p = 0.193], showing that older children gave more
original answers than their younger counterparts. This was
supported by a Bayesian Factor indicating that the alternative
hypothesis was 9.31 more likely than the null hypothesis.
Although the effect of Noise significantly interacted with Age
[F(1, 38) = 5.05, p = 0.030, η2p = 0.117], this was not strongly
supported by Bayesian analyses (BF10 = 1.38). Follow-up repeated
measures T-tests indicated that the difference in performance
between silent and noisy sessions was neither significant for the
younger children [t(21) = 1.76, p = 0.092, BF01 = 1.20], nor for
the older ones [t(20) = -0.43, p = 0.672, BF01 = 4.04].

The Impact of Classroom Noise on
Children’s Creativity
Next, we assessed the impact of noise on creativity scores, and
its potential interaction with Age. A MANOVA was run for
each of the four creativity scores (AUT Fluency and Originality,
Just Suppose Fluency, and Originality). The dependent variables
(repeated measures) were the scores in silence and noise. The
three counterbalancing factors and Age group were entered as
independent, between-subject variables. Bayes factors were also
computed. They were extracted from the analysis of effect of
Bayesian Repeated Measures ANOVAs, using the same variables
as the classical models. We used the default prior included
in JASP 0.9.0.1. Bayes factors not only offer the advantage of
providing a more continuous representation of the evidence
in favor of the alternative hypothesis, they also allow us to
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Just Suppose
Fluency scores
There was no main effect of Noise [F(1, 38) = 2.97, p = 0.093,
η2p = 0.073, BF01 = 3.40] and no main effect of Age [F(1, 38) = 2.65,
p = 0.112, η2p = 0.065, BF01 = 1.24] on the fluency scores at the Just
Suppose task. Furthermore, the interaction between Noise and
Age was not significant [F(1, 38) = 3.13, p = 0.085, η2p = 0.076,
BF01 = 2.10].

Originality scores
Regarding Originality scores at the Just Suppose test, there was
no main effect of noise [F(1, 38) = 2.67, p = 0.111, η2p = 0.066,
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with high selective attention skills [t(19) = -1.097, p = 0.287,
BF01 = 2.54]. Interestingly, these children were either more
resistant to interference on incongruent trials in the Flanker task,
or were faster at incongruent trials (MRTcost = -8.07 ms). In other
words, the children who did not experience the expected Flanker
interference also did not experience interference from noise.
In addition to this two-way interaction, analyses revealed
a three-way interaction between Noise, Age and the second
measure of selective attention, the Stroop task [F(1, 34) = 9.59,
p = 0.004, η2p = 0.220, BF10 = 1.77]. Follow-up T-tests revealed that
young children with low selective attention (M RTcost = 166.91 ms)
gave more original answers in silence (M = 7.58) compared
to noise [M = 4.25; t(11) = 4.318, p = 0.001, BF10 = 33.89].
This effect was very strong. In contrast, there was no significant
difference in originality scores between the noisy and silent
sessions for the young children with high selective attention
[M RTcost = 25.39 ms; M Silence = 7.78; M Noise = 7.56; t(8) = 0.149,
p = 0.885, BF01 = 3.08] and for the older children with
low selective attention [M RTcost = 122.41 ms; M Silence = 8.13;
M Noise = 9.88; t(7) = −2.084, p = 0.076, BF01 = 0.72] and
high selective attention [M RTcost = 4.08 ms; M Silence = 8.67;
M Noise = 7.92; t(11) = 0.888, p = 0.394, BF01 = 2.50]. These results
are represented in Figures 2, 3.
A similar three-way interaction between Noise, Age and
Stroop performance emerged for Fluency scores at the Just
Suppose task [F(1, 34) = 4.35, p = 0.045, η2p = 0.113, BF10 = 0.38].
Follow-up T-tests parallel the previous results on originality
scores. Young children with low selective attention gave more
ideas in silence (M = 9.67) compared to noise [M = 7.08;
t(11) = 2.416, p = 0.034, BF10 = 2.22]. On the contrary, there
was no significant difference in fluency scores between the noisy
and silent sessions for the young children with high selective
attention [M Silence = 11; M Noise = 10; t(8) = 0.832, p = 0.430,
BF01 = 2.34] and for the older children with low [M Silence = 10.50;
M Noise = 12; t(7) = -1.620, p = 0.149, BF01 = 1.16] and high
[M Silence = 11.17; M Noise = 10.33; t(11) = 1.034, p = 0.323,
BF01 = 2.23] selective attention.

BF01 = 1.40]. There was no main effect of Age [F(1, 38) = 3.165,
p = 0.083, η2p = 0.077, BF01 = 1.24], but an interaction between the
effect of Noise and of Age [F(1, 38) = 4.97, p = 0.032, η2p = 0.116].
Younger children had lower originality scores in noise compared
to silence [t(21) = 2.24, p = 0.036, BF10 = 1.75], whereas there
was no significant difference between the conditions for older
children [t(20) = -0.46, p = 0.653, BF01 = 4.00]. Note, however,
that the interaction is not strongly supported by Bayesian
analyses (BF10 = 1.04).

The Modulating Role of Executive
Functions
Developmental differences only provide indirect evidence for the
role of executive functions in coping with noise (since executive
control tends to improve with age). Therefore, further analyses
were carried out to investigate whether there were any twoway interactions between the effect of Noise and Executive
Functions, or three-way interactions between Noise, Executive
Functions and Age. For each of the four creativity measures (AUT
Fluency and Originality, Just Suppose Fluency and Originality)
the same variables as in section The Impact of Classroom Noise
on Children’s Creativity were entered into an MANOVA, but
verbal working memory, visual working memory, Stroop and
Flanker performance were added as between-subject factors, in
four successive models. For each executive function variable, a
“low” and a “high” performance group was created, based on the
median score of the sample for each test.
There were no interactions between Noise and Executive
Functions, nor any three-way interaction between Noise,
Executive Functions and Age for the AUT Fluency and
Originality scores. However, there were two significant
interactions involving Originality scores in the Just Suppose task.
First, the impact of Noise on the Originality scores in the
Just Suppose task interacted with selective attention as assessed
by the Flanker task [F(1, 33) = 12.86, p < 0.001, η2p = 0.280,
BF10 = 5.57]. This interaction is depicted in Figure 1. Follow-up
T-tests revealed that children with low selective attention gave
ideas that were less original in noise (M = 6.80), compared to
silence [M = 8.80; t(19) = 2.67, p = 0.015, BF10 = 3.60]. In other
words, children who were sensitive to incongruent distractors
at the Flanker task (MRTcost = 84.25 ms) were also impeded
by noise when they performed their creative task. In contrast,
there was no significant difference in performance between the
silent (M = 7.00) and noisy (M = 7.75) sessions for children

DISCUSSION
To our knowledge, this is the first developmental study assessing
the impact of classroom noise on children’s creativity. Two
age groups, corresponding to early elementary school (5–8
years of age) and late elementary school (8–11 years of age)

TABLE 2 | Executive functions scores per age group.
Younger children
n

M

Older children
SD

n

M

SD

Indep. Sample T-test

BF10

VWM

23

7.35

2.55

20

9.75

2.07

t(41) = -3.35, p = 0.002

19.95

VSWM

20

5.15

3.69

17

9.88

3.79

t(35) = -3.84, p < 0.001

55.69

Flanker

21

39.64

77.42

20

33.33

48.36

t(39) = 0.31, p = 0.757

0.32

Stroop

22

105.78

89.62

20

51.31

72.64

t(40) = 2.15, p = 0.038

1.83

VWM, Verbal Working Memory; VSWM, Visuospatial Working Memory.
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TABLE 3 | Scores at the AUT for the younger and older children, in silence and noise.
Younger Children
Min

Max

Silence

2

21

Noise

1

19

1.71

3.50

1

3.50

Older Children
SD

Min

Max

M

SD

9

4.84

3

17

8.29

3.65

8.91

4.98

4

20

7.95

4.24

2.59

0.52

1.42

3.78

2.92

0.55

2.36

0.66

2.02

4.25

2.97

0.55

M

FLUENCY

ORIGINALITY
Silence
Noise

TABLE 4 | Scores at the Just Suppose task for the younger and older children, in silence and noise.
Younger children

Older children

Min

Max

M

SD

Min

Max

M

SD

Silence

1

23

9.82

5.67

3

20

11.33

4.54

Noise

2

19

8.23

4.77

2

20

11.19

5.09

Silence

1

20

7.36

4.82

2

18

8.57

4.02

Noise

0

18

5.55

4.45

1

18

8.86

4.49

FLUENCY

ORIGINALITY

FIGURE 1 | Originality of answers at the Just Suppose task, as a function of Flanker performance.

performed two idea generation tasks in silence and in noise.
The creation of two age groups was based on the assumption
that older children would have better attentional and working
memory skills.
Analyses of our selected tasks showed that this difference
was more striking for our working memory than our selective
attention tasks (Flanker and Stroop). In the Flanker task,
the younger children did not show a larger difference
between congruent and incongruent trials than the older
children. This is consistent with Rueda et al. (2004) who
found no effect of age on reaction times using a similar
task with 6–9 years old. With regards to the Stroop task,

Frontiers in Psychology | www.frontiersin.org

analyses revealed that interference effects were greater for
younger children. However, Bayesian analyses did not provide
strong evidence for this difference. Results from Catale
and Meulemans (2009), who used a similar Stroop task,
indicate that the presence of a significant age effect might
depend on the specific way age groups are created and
compared, and might require stronger statistical power. On
the contrary, age differences in the two working memory
tasks were both supported by traditional T-test analyses as
well as by Bayes Factors analyses, giving strong evidence for
the alternative hypothesis. Given that different components
of executive functions demonstrate different developmental
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FIGURE 2 | Originality of answers at the Just Suppose task, as a function of Stroop Performance, for the younger children.

FIGURE 3 | Originality of answers at the Just Suppose task, as a function of Stroop performance, for the older children.

trajectories (Anderson, 2002) these contrasting findings are
not unexpected.
Looking at age differences for the creativity scores, we found
that, in the AUT, older children gave ideas that were rated as
more original. This effect was supported by strong evidence
from Bayes Factor analyses. Both working memory and selective
attention are thought to play a role in the generation of original
ideas (Nusbaum and Silvia, 2011; Beaty and Silvia, 2012; Benedek
et al., 2014; Kleibeuker et al., 2016). Therefore, older children,
with more developed executive function skills might be able to
give more original ideas. Other factors, such as knowledge and
intelligence development, might also play a role (Sternberg and
O’Hara, 1999; Sternberg, 2006).
In line with Mehta et al. (2012), we expected noise to
specifically and positively impact originality scores, but we also

Frontiers in Psychology | www.frontiersin.org

hypothesized that this might depend on children’s age (i.e., noise
might be too overwhelming for children in early elementary
school). Results revealed that the effect of noise on originality
scores in the AUT and Just Suppose tasks significantly interacted
with age. Older children performed, similarly, in both conditions,
in both tests. The younger children gave fewer original ideas in
noise than in silence for the Just Suppose task, but performed,
similarly, in both conditions in the AUT. To sum up, we can
conclude that, contrary to our expectations, older children did
not benefit from noise when performing an idea generation task.
A direct assessment of working memory and selective
attention made it possible to test whether these EF components
modulated the impact of noise on creativity in our sample.
Similarly, to Sörqvist et al. (2010)’s results with adults, selective
attention, but not working memory, did interact with the effect
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processes and their disruption might help to understand
why younger children with low selective attention lack the
cognitive resources to deal with both the task in hand
and the noise.
Finally, to enhance the ecological validity of our findings,
fluctuations in noise type and levels could be measured as they
occur in the classroom, during creative activities (i.e., art lessons)
and put into perspective with children’s creations and reported
thinking processes. Mixed-methods would be especially relevant.

of noise. Children who experienced more interference in the
Flanker task (i.e., those with poorer selective attention) gave
fewer original ideas in noise than in silence in the Just
Suppose task. For those who experienced less interference (i.e.,
those with better selective attention) there was no significant
difference between the two conditions. In other words, the
ability to resist interference from visual distractors went along
with being less impeded by noise when generating new ideas.
This is the first study giving insight on such interindividual
differences in children.
Furthermore, a three-way interaction between the effect of
Noise, Stroop performance, and Age emerged in predicting
originality scores in the Just Suppose task. Children who did
not show interference in the Stroop task appeared also to be
immune to the effects of noise. Children who did experience
Stroop interference were differentially affected according to
their age. The younger children performed better in silence,
whereas the older children performed, similarly, in the two
conditions. Results therefore reveal that children in their
early elementary school years, with low selective attention
skills, might be especially sensitive to the effect of noise
when performing an idea generation task. This was strongly
supported by Bayesian analyses. Note that our follow-up
analyses on older pupils were not as strongly supported by
Bayesian factors. However, contrary to what we expected,
older children (in their late elementary school years), did
not perform significantly better in the presence of moderate
background noise, whatever their level of selective attention.
It is possible that Mehta et al. (2012)’s findings do not
replicate on children.
However, we should note that our sample size was relatively
small, resulting in age groups that were pretty broad. A higher
number of participants (e.g., 20–30 children per school
year) would allow for a more fine-grained understanding of
developmental effects. A focus on the early elementary school
years might be especially relevant. Indeed, noise levels in
classrooms tend to decrease as children get older (Picard
and Bradley, 2001), but the present findings suggest that
younger children are actually more impaired by noise. We
might therefore want to consider ways to reduce noise
disturbance, or to develop protecting factors against noise,
especially in the younger age groups. School interventions
have been shown to improve children’s executive functions,
and to be especially effective for children who initially
start with lower levels of performance (Diamond and Lee,
2011; Diamond, 2014). More specifically, selective attention
as assessed by the Flanker task has been shown to be
improved following meditation training on an adult population
(Tang et al., 2007).
Furthermore, acquiring a better understanding of the
specific strategies children use in idea generation tasks
would help clarify the mechanisms noise acts upon.
Mehta et al. (2012) proposed “abstractness” as the main
factor leading to creative answers. But children might
also use visual strategies, or networks of associations in
semantic memory (Gilhooly et al., 2007). Identifying these

Frontiers in Psychology | www.frontiersin.org

CONCLUSION
To sum up, this is the first study attempting to assess
the impact of moderate classroom noise on children’s ability
to generate new ideas, and the role that selective attention
plays. Analyses revealed that young children with low selective
attention skills might be especially vulnerable to the effect
of noise: they gave fewer ideas in the presence of noise,
and these ideas were rated as less original. Having good
selective attention skills might be globally protective, whatever
children’s age. Future studies about children’s specific creative
strategies might help shed light on the mechanisms underlying
these effects.
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