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Performing a task in noisy conditions is effortful. This is especially relevant for children in
classrooms as the effort involved could impair their learning and academic achievements.
Numerous studies have investigated how to use behavioral and physiological methods to
measure effort, but limited data are available on howwell school-aged children rate effort in
their classrooms. This study examines whether and how self-ratings can be used to
describe the effort children perceive while working in a noisy classroom. This is done by
assessing the effect of listening condition on self-rated effort in a group of 182 children
11–13 years old. The children performed three tasks typical of daily classroom activities
(speech perception, sentence comprehension, and mental calculation) in three listening
conditions (quiet, traffic noise, and classroom noise). After completing each task, they
rated their perceived task-related effort on a five-point scale. Their task accuracy and
response times (RTs) were recorded (the latter as a behavioral measure of task-related
effort). Participants scored higher (more effort) on their self-ratings in the noisy conditions
than in quiet. Their self-ratings were also sensitive to the type of background noise, but only
for the speech perception task, suggesting that children might not be fully aware of the
disruptive effect of background noise. A repeated-measures correlation analysis was run
to explore the possible relationship between the three study outcomes (accuracy, self-
ratings, and RTs). Self-ratings correlated with accuracy (in all tasks) and with RTs (only in
the speech perception task), suggesting that the relationship between different measures
of listening effort might depend on the task. Overall, the present findings indicate that self-
reports could be useful for measuring changes in school-aged children’s perceived
listening effort. More research is needed to better understand, and consequently
manage, the individual factors that might affect children’s self-ratings (e.g., motivation)
and to devise an appropriate response format.
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INTRODUCTION

Performing a listening task in adverse acoustic conditions demands a greater effort (Peelle, 2018). Speech
signals can be degraded by a variety of factors, which can be categorized as listener-external (e.g., level and
type of background noise, excessively long reverberation) or listener-internal (individual characteristics of
auditory, linguistic, and cognitive processing) (Mattys et al., 2012; Lemke and Besser, 2016). Understanding
speech in noise requires an explicit engagement of extra cognitive resources.
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Effort has been defined as “the deliberate allocation of mental
resources to overcome obstacles in goal pursuit when carrying out
a task, with listening effort applying more specifically when tasks
involve listening” (Pichora-Fuller et al., 2016). According to the
Ease of Language Understanding model (ELU; Rönnberg et al.,
2008; Rönnberg et al., 2013), listening to speech in ideal
conditions is quick and easy, relying primarily on implicit
processing. In unfavorable conditions, an explicit processing
becomes necessary, posing greater cognitive demands, which
the listener perceives as an increase in the effort involved. As
explained in the Framework for Understanding Effortful
Listening (FUEL; Pichora-Fuller et al., 2016), listening effort is
also modulated by a listener’s motivation, or “the resources or
energy actually used by a listener to meet the cognitive demands”
(Peelle, 2018). The stronger a listener’s motivation, the more
willing they will be to put effort into the task, regardless of its
demands.

The concept of effort is especially relevant for children in
classrooms, as greater cognitive demands related to listening
could interfere with their ability to complete high-level
cognitive tasks (e.g., comprehension; McGarrigle et al., 2019).
Classrooms are usually far from optimal listening environments,
with background noise levels that exceed the recommended
normative values (Shield and Dockrell, 2008; Mealings, 2016)
and with excessively long reverberation times. Research has also
shown that elementary school children (from kindergarten up to
grade 8) spend almost 90% of their time at school listening to
speech in the presence of background noise (Crukley et al., 2011).

Previous studies found evidence of school-age children having
to put more effort into listening tasks in background noise than in
quiet, or when the level of background noise increased. This
greater effort was revealed by slower response times (Lewis et al.,
2016; McGarrigle et al., 2019; Prodi et al., 2019a; Prodi et al.,
2019b; Picou et al., 2019), and by a larger task-evoked increase in
pupil size (Steel et al., 2015; McGarrigle et al., 2017; Gómez-
Merino et al., 2020). The results were not entirely consistent
across the studies, however, presumably due to a different
sensitivity of the listening effort measures (McGarrigle et al.,
2017; McGarrigle et al., 2019), and to the children’s difficulty in
preferentially allocating their attention during dual tasks (Choi
et al., 2008; Picou et al., 2019).

While numerous studies has investigated the use of behavioral
and physiological measures of effort, limited data are available
regarding the reliability of school-aged children’s subjective
ratings of effort in their classrooms. This seems rather odd
because self-reports are the most direct and ecologically valid,
non-invasive measures for tapping into the subjective experience
of effortful listening. Being easy for participants to understand,
and for experimenters to administer, self-reports classify as a
potentially good candidate for gauging children’s listening effort.

In the literature, self-reports were obtained mainly by means
of study-specific questionnaires and rating scales (Oosthuizen
et al., 2021a) developed specifically for a focused assessment on
the conditions adopted in a given study (Moore and Picou, 2018).
Children were variously asked to rate their perceived effort
(von Lochow et al., 2018), ease of listening (Picou et al., 2019;
Oosthuizen et al., 2021a), listening difficulty (Prodi et al., 2010),

disturbance (Klatte et al., 2010), and perceived clarity (Gustafson
et al., 2014). The results indicate that children report perceiving
less effort: in quiet than in noisy conditions (von Lochow et al.,
2018; Picou et al., 2019); in aided versus unaided conditions
(Oosthuizen et al., 2021a); following digital noise reduction in
hearing aids (Gustafson et al., 2014); and after increasing the
signal-to-noise ratio by 4 dB in the presence of a four-talker
babble-noise (Picou et al., 2019).

On the other hand, no significant differences emerged in
children’s self-ratings in noisy conditions when the type of
background noise was changed (Klatte et al., 2010; von
Lochow et al., 2018). Klatte et al. (2010) found no significant
effect of the type of background noise (classroom noise,
background speech) on first- and third-graders’ disturbance
ratings for a speech perception task. In the same listening
conditions, adults reported finding classroom noise more
disturbing than background speech. In the same study, when
the children were administered a listening comprehension task,
the results indicated no correlation between their ratings of
perceived disturbance and their task performance. Von
Lochow et al. (2018) examined how the number of competing
speakers (one or four) influenced perceived effort in a passage
comprehension task. There was no significant increase in the
children’s perceived effort when the number of speakers changed,
despite a significant change in their accuracy.

Self-ratings rely on the assumption that listeners can
accurately report the effort they experienced (Picou and
Ricketts, 2018), but studies on adults indicate that self-ratings
rarely correlate with behavioral or physiological measures of
effort (Picou and Ricketts, 2018; Strand et al., 2018; Alhanbali
et al., 2019; Lau et al., 2019; McGarrigle et al., 2020). Many
variables possibly affecting different participants’ performance
and self-ratings of effort might obscure any correlation measured
across participants, however. On the other hand, self-ratings of
effort appear to correlate inversely with self-ratings of
performance (Moore and Picou, 2018). Studies in which task
difficulty was manipulated (e.g., presence/absence of background
noise, a change of SNR) suggest that listeners might become
aware of a change in the demands of a task and/or of their own
performance, and use this impression as a substitute for judging
the effort involved (McGarrigle et al., 2020).

Previous studies on school-age children generally showed no
correlation between self-ratings of effort and task performance
(von Lochow et al., 2018; Gustafson et al., 2014; Klatte et al.,
2010). That said, Picou et al. (2019) examined the relationship
between accuracy in a speech perception task, dual-task response
time, and four questions related to effort (perceived performance,
ease of listening, control, time) in a sample of 10- to 17-year-olds.
The results suggested that changing the wording of the question
and asking participants to assess attributes more readily-
understandable than “listening effort” revealed significant
associations between self-ratings and actual performance.

Very few studies have examined the relationship between self-
ratings and objective measures of effort in children. Picou et al.
(2019) found a significant association between dual-task response
times and time perception ratings, but the correlation went in the
opposite direction to the one hypothesized. Gustafson et al.
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(2014) administered a speech perception task to a group of
children (7–12 years old) with normal hearing to examine the
impact of digital noise reductions in hearing aids. Response times
were faster and clarity ratings were higher with the noise
reduction algorithm, but there was no significant correlation
between the two measures.

All in all, there seems to be a paucity of information available
on the reliability of school-aged children’s self-ratings of effort,
and their correlation with objective measures. This information
would be valuable because reliable subjective ratings of effort
would facilitate the assessment of the sound environment in
classrooms. A better understanding of how school-age children
deal with the demands of listening in challenging acoustic
conditions would enable us to promote the design of learning
environments with better acoustics.

The purpose of the present study was twofold. The first aim
was to explore the sensitivity of self-reports of perceived effort to
changes in the demands of a task by taking action on the
background noise. Three tasks were considered: 1) a speech
perception task; and 2) two tasks highly representative of
typical classroom activities, i.e., sentence comprehension and
mental calculation. For all three tasks, we expected self-ratings
of effort to be higher in noisy than in quiet conditions, reflecting
the subjective perception of a greater effort being needed in more
adverse listening conditions (von Lochow et al., 2018). The
second aim was to examine how subjective measures of effort
relate to task performance and response time (RT). In our
experiments, RTs (acquired with a single-task paradigm) were
used as a behavioral measure of effort. We also planned to see
whether the pattern of correlations differed depending on
the task.

The results of the present study will add to the current
literature on listening effort in children, by:

1) Further exploring the relationship between self-ratings of
effort and performance accuracy. This relationship has
already been examined in adults, but few reports are
currently available regarding children, and their findings
are inconsistent (von Lochow et al., 2018; Picou et al., 2019);

2) Newly exploring the specific relationship between self-ratings
and RTs in school-aged children.

MATERIALS AND METHODS

This study is part of a broader research project conceived to
investigate the effects of noisy and reverberant classrooms on
children’s performance and perceived effort when engaged in
linguistic and calculation tasks. The research also considered
the potential role of mediating factors (age, gender, noise
source, task difficulty, and room acoustics). The material and
methods used in this study were consequently the same as
those adopted in other, related studies (Prodi et al., 2019a;
Caviola et al., 2021; Prodi et al., 2021; Prodi and Visentin, in
press). The focus of the present study is very different,
however, in that it investigates the effects of listening
conditions and age on self-ratings of effort, whereas the

above-mentioned studies only concerned behavioral
measures of performance and listening effort.

Participants
A total of 182 children between the ages of 11 and 13 years took
part in the study. They were from two schools in Ferrara (Italy),
and the study involved three classes for each grade (6–8). Six
children were excluded from the data analysis due to intellectual
disabilities or a diagnosis of hearing impairment. Other children
were also excluded because of their maths fluency assessment
(n � 14) or their score in the reading comprehension task (n � 6).
The final sample included 159 participants for the speech
perception and sentence comprehension tasks, and 162
children for the mental calculation task.

The study was approved by the Ethics Committee at the
University of Padova (Italy) and by the school management.

Reading Comprehension and Maths
Fluency Tests
In addition to the experimental tasks, children were administered
a standardized reading comprehension test [derived from
Cornoldi et al. (2017)] and a standardized maths fluency test
(Caviola et al., 2016). Both tests were administered collectively to
the students in their classrooms, in quiet conditions, one week
after the experimental tasks. These individual measures were used
for data screening purposes: participants obtaining a
standardized score lower than −2.5 (reading comprehension)
and −3 (maths fluency) were excluded from our analysis.
Their individual scores were included in the statistical model
as a covariate, to control for the effects of comprehension abilities
and maths fluency on children’s perceived effort.

Listening Tasks
Speech Perception Task
The Italian version of the Matrix Sentence Test (Puglisi et al.,
2015) was used to measure speech perception. The test consists of
sentences with a fixed syntactic structure but no semantic
predictability [e.g., Chiara manda sette porte azzurre (Chiara
sends seven blue doors)], obtained from a base matrix of 50
words. After listening to a sentence, the children selected the
words they had heard from the base-word matrix shown on a
tablet. Sixteen trials (sentences) were presented in each listening
condition. After the last sentence, the children rated their
perceived effort in performing the task.

Sentence Comprehension Task
Sentence comprehension in the auditory modality was measured
using the COMPRENDO test (Cecchetto et al., 2012), which
consists of sentences of varying syntactic complexity [e.g., La
mamma sta inseguendo il bambino (The mother is chasing the
child)]. For each trial, children listened to the playback of a
sentence. Then, at the audio offset, four images appeared on the
tablet and they had to select the image that best matched the
sentence content. Sixteen trials were presented in each listening
condition. After the last sentence, the children rated their
perceived effort.
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Mental Calculation Task
The mental calculation task consisted in solving two-digit
additions and subtractions, with or without borrowing and
carrying procedures (Caviola et al., 2021). For each problem,
the children listened to the playback of a female voice posing the
problem. Then, they were asked to select the right answer from
among the three options presented on the tablet. Twenty-eight
trials (problems) were presented in each listening condition. After
the last problem, the children rated their perceived effort.

Listening Conditions
Background Noises
Participants completed each task and provided self-ratings for the
three background noise conditions (quiet, traffic noise, classroom
noise).

In the quiet condition, no noise was played back, and children
completed the tasks in the actual ambient noise of their
classrooms, mainly consisting of noises coming from other
classrooms and corridors. Traffic noise was obtained by
obtaining recordings alongside a busy road (with cars and
trucks passing by), then applying spectral filtering to correct
for the sound insulation properties of a typical building façade.
Classroom noise included sound events typical of a working
classroom (e.g., pens rolling onto the floor, chairs scraping)
which were mixed with a standard noise signal (ICRA noise;
Dreschler et al., 2001). The ICRA noise was constructed from
Italian sentences, processed to make them unintelligible but still
retaining the long-term average spectrum and temporal envelope
fluctuations of speech.

Test Environments
The experiments were carried out in two classrooms, one at each
school. The two classrooms had a similar volume (152 and
155 m3), size (7.3 x 7.0 x 3.1 and 8.3 x 6.0 x 3.1 m), and
reverberation time (after one of the classrooms had been
temporarily treated by installing sound-absorbing polyester
fiber blankets).

During the tests, speech was presented from a Gras 44AB
mouth simulator positioned in front of the teacher’s desk (height:
1.50 m). The background noises were played back with a Look
Line D303 omnidirectional source placed on the floor near a
corner of the classroom. Audio playback, testing and data
collection were managed with a laptop PC running a wireless
test bench (Prodi et al., 2012).

For all conditions, the level of the speech signal was set to
63 dB(A), measured at 1 m in front of the speech source. The
background noises (traffic noise, classroom noise) were played
back at a level of 60 dB(A), measured as the spatial average of four
receivers (positioned in the area where children were seated).

Acoustic Measurements
The reverberation time (T20), i.e., the time it takes, after a
source of sound in an enclosure has stopped, for the sound to
decrease by 60 dB, and the A-weighted equivalent sound
pressure levels (LA,eq) were measured in the two classrooms
in occupied conditions (Geneva: International Organization for
Standardization, 2009). The measurements were obtained at

four positions in the part of the classroom where children were
seated, using an omnidirectional B&K4189 ½ inch microphone
(height: 1.20 m). As the classrooms were small and the distance
between the speech source and the listeners was short,
equivalent listening conditions were ensured for the various
seating positions. Differences between the acoustic parameters
measured in the two classrooms were always below the
minimum perceivable threshold, so the two classrooms could
be considered equivalent in terms of acoustic perception.
Table 1 shows the listening conditions in the classrooms
during the experiments; for more details, see Prodi et al.
(2019a).

Procedures
We used a within-subject study design, with all children
performing each task in the three listening conditions. The
order of the listening conditions was balanced across the
classes in each school year. Children took part in the
experiment as a whole class, and the tasks were administered
collectively. The three tasks were completed in two sessions, one
week apart. The children completed the mental calculation task in
the first session, then the speech perception and sentence
comprehension tasks in the second. Both sessions lasted about
1 h (including the acoustic measurements, repeated for each class
after completing the experimental tasks). To avoid order and
fatigue effects, the order of the speech perception and sentence
comprehension tasks was counterbalanced across the classes in
each school year. The children completed the standardized
reading comprehension and maths fluency assessments in
their classrooms nearly a week after the second experimental
session.

For each task, the children were given instructions and
practiced with three or four trials in quiet conditions. Then
they were administered three tasks, one for each listening
condition. The order of the listening conditions was balanced
across the classes for each school year. During the tests, the
background noise started approximately 1 s before the speech
signal and ended simultaneously with it. In the quiet condition,
an acoustic signal (a brief pure tone at 500 Hz) was played back
1 s before the spoken sentence. The next trial was automatically
played back only after all participants had answered or reached
the time limit (12, 15, or 20 s, depending on the task). Participants
were instructed to pay attention to the task and to respond as
accurately as possible.

TABLE 1 | Listening conditions in the classrooms during the experiments, in terms
of reverberation times (T20,mid, averaged over the 0.5–2 kHz frequency bands)
and sound pressure levels (LA,eq). The reported values are the spatial averages
across four positions in the audience and across repetitions over the classes.

Acoustic parameter Listening condition

Quiet Traffic noise Classroom noise

T20,mid [s] 0.69 0.69 0.69
LA,eq-speech dB(A) 60.0 60.0 60.0
LA,eq-noise dB(A) 41.9 60.4 60.3
SNR dB +18.1 −0.4 −0.3
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Effort Ratings
Following the completion of each task in a given listening
condition, the children were asked to report how much
effortful the task had been (“How much effort did doing this
task require?”). Their answers were given using on a categorical
rating scale from one (“minimum effort”) to five (“maximum
effort”). The question and the scale were presented to the children
on the tablet and the numbers they used for their answers were
visible on the screen.

Data Analysis
Linear mixed-effects models (LMMs) were used for the statistical
analysis, using the R software (R Core Team, 2017), and the lme4
package (Bates et al., 2015). The outcome variable was the self-
rated listening effort. The fixed effects included listening
condition (quiet, traffic noise, classroom noise), age
(categorical variable: 11, 12, 13 years), and their interaction.
One model was set up for each task. Individual scores in the
reading comprehension test were included as a covariate in the
models for the speech perception and sentence comprehension
tasks. Individual scores in the maths fluency test were included as
a covariate in the models for the mental calculation task. The
participant variable was included in all models as a random
intercept. In LMMs, the fixed effects represent average trends in
the data. Including participants as random effects in the model
overcomes the problem of non-independence of the data, and
accounts for the fact that each participant may react differently
from the average trend. When analyzing RTs, for instance, this
approach accounts for the fact that some participants respond
more slowly than others.

The p-values and χ2 values for the LMMs were obtained with
the afex package (Singmann et al., 2021). The normality of the
random effects and residuals was checked for each model to
identify potential violations of statistical assumptions (Everitt and
Hothorn, 2010). Post-hoc tests were run and standardized effect
sizes (corresponding to Cohen’s d) were calculated with the
emmeans package (Lenth, 2020). In the case of multiple
comparisons, the p-values were adjusted using the false
discovery rate procedure (Benjamini and Hochberg, 1995).

Finally, a correlation analysis was run between self-ratings,
task performance accuracy, and RTs. The correlations were
examined using a repeated-measures correlation statistical
technique, which examines the overall intra-individual
association between two measures (Bakdash and Marusich,
2017). This method was chosen to account for the repeated-
measures design of the experiment, yielding non-independent
observations across listening conditions. The main advantages of
this regression technique over standard approaches are: 1) the
chance to analyze paired repeated measures without any
averaging, and without violating independence assumptions
(Bakdash and Marusich, 2017); and 2) the high statistical
power, enabling within-subject associations between measures
to be tested without any need for large samples of participants
(McGarrigle et al., 2020). In the present study, the repeated-
measures correlation was used to examine to what extent two
measures (RT and self-ratings, or accuracy and self-ratings) show
a corresponding variance as a function of changes in the within-

subject factor (listening condition). The analysis was
implemented using the rmcorr package in R (Bakdash and
Marusich, 2017). The Bonferroni method was applied to adjust
the p-values for multiple comparisons.

RESULTS

The findings are reported as the scores participants gave to the
amount of effort they felt they had put into the tasks, on a scale
from one to five (from less to more effort). Figure 1 shows the
average perceived effort ratings, by listening condition and age: it
suggests that children found the tasks more effortful in
background noise than in quiet conditions. The pattern varied,
however, depending on the task. Age-related changes in perceived
effort appeared to be quite small. A detailed statistical analysis of
the effort ratings is reported in Effort Ratings.

Figure 2 shows the frequency distribution of the self-ratings
by task and listening condition, over the five scores on the scale.
The scores were generally low (from one to three). It was only in
the mental calculation task, and in the classroom noise condition
in particular, that the ratings were more evenly distributed over
the whole scale.

Table 2 provides descriptive statistics on performance
accuracy and RTs in the three tasks, by age and listening
condition; these data are relevant to the correlation analyses.
The RTs were defined as the time elapsing between the audio
stimulus offset and the moment an answer was chosen. A detailed
analysis of these results is reported elsewhere (Prodi et al., 2019a;
Caviola et al., 2021).

Effort Ratings
Table 3 shows the statistical results for the three linear mixed-
effects models (one for each task).

For the speech perception task, there was a significant main effect
of listening condition (χ2(2) � 63.83, p < 0.001), with effort ratings
higher for noisy than for quiet conditions (Table 3). The main effects
of age (p � 0.41), reading comprehension score (p � 0.84), and the
listening condition x age interaction (p � 0.49) were not significant.
Pairwise comparisons indicated that perceived effort was significantly
lower in quiet than in noisy conditions (quiet< traffic noise: t� −4.25,
p< 0.01, d� 0.51, difference� 0.35; quiet< classroomnoise: t� −8.33,
p < 0.01, d � 1.00, difference � 0.67), and in traffic noise than in
classroomnoise (traffic noise< classroomnoise: t� -4.07, p< 0.01, d�
0.49, difference � 0.33).

Regarding the sentence comprehension task, the analysis again
revealed a significant main effect of listening condition (χ2(2) �
35.33, p < 0.001), with effort ratings higher for noisy than for
quiet conditions (Table 3). The main effects of age (p � 0.06),
reading comprehension score (p � 0.36), and the listening
condition x age interaction (p � 0.37) were not significant.
Pairwise comparisons indicated that perceived effort was
significantly lower in quiet than in noisy conditions
(quiet < traffic noise: t � −4.47, p < 0.01, d � 0.54, difference
� 0.28; quiet < classroom noise: t � −5.77, p < 0.01, d � 0.70,
difference � 0.37). There was no difference in the effort ratings
between the two noisy conditions (p � 0.55).
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As for the mental calculation task, there was a significant main
effect of listening condition in this case too (χ2(2) � 44.42, p <
0.001), with effort ratings higher for noisy than for quiet
conditions (Table 3). The main effect of the maths fluency
score was significant too (χ2(1) � 9.89, p � 0.002): examining
the summary output (Table 3) showed that, when all other
predictors were set to the reference level, an increase of one
standard deviation in the maths fluency score coincided with an
estimated 0.22 lower perceived effort. The main effect of age (p �
0.63) and the listening condition x age interaction (p � 0.20) were
not significant. Pairwise comparisons indicated that perceived
effort was rated significantly lower in quiet than in noisy
conditions (quiet < traffic noise: t � −5.28, p < 0.01, d � 0.59,
difference � 0.40; quiet < classroom noise: t � -6.41, p < 0.01, d �
0.72, difference � 0.49). There was no difference between the
effort ratings in the two types of noise (p � 0.76).

Correlation Analysis
Repeated-measures correlation tests were run to explore the
association between perceived effort, task performance
accuracy and RTs, as a function of changes in the listening
condition. The results showed that the correlation between the
measures depended on the task.

In particular, for the speech perception task, there was an
inverse relationship between perceived effort and performance
accuracy, higher effort ratings being associated with a worse
performance [r � −0.47; p < 0.001; 95%CI (−0.55–−0.38)].
There was a positive relationship instead between perceived
effort and RTs, i.e., higher scores for effort were associated
with longer RTs [r � 0.16; p � 0.004; 95%CI (0.03–0.27)].

No significant correlation emerged between effort ratings and
RTs in the sentence comprehension task (r � −0.006, p � 0.91).
No correlation analysis was run between effort ratings and
accuracy due to the ceiling effect in task performance accuracy.

Finally, there was a significant relationship between effort
ratings and performance accuracy in the mental calculation task
[r � −0.14; p � 0.011; 95%CI (−0.026–−0.063)], but not between
effort ratings and RTs (r � 0.001, p � 0.98).

DISCUSSION

The two aims of this study were: 1) to assess the effect of listening
condition on children’s self-ratings of the effort needed to perform a
task; and 2) to investigate the relationship between children’s effort
ratings and their task performance accuracy, and a behavioralmeasure
of effort (RTs). The two aims are discussed separately below.

Effects of Listening Condition on Effort
Ratings
We used three tasks typical of daily classroom activities (speech
perception, sentence comprehension, and mental calculation
tasks) to examine the effect of listening condition in the
classroom (quiet, traffic noise, classroom noise) on the effort
that 11- to 13-year-olds reported it costing them to perform such
tasks. Our analyses showed that it was more effortful to work in
the two noisy conditions than in quiet, for all tasks. The children
found classroom noise more disturbing than traffic noise, but
only in the speech perception task.

FIGURE 1 | Self-ratings of effort for each listening condition and age. In the boxplots the bottom and top boxes are the first and third quartiles of the data
distributions; the central, bold line is the median, and the white circle is the mean; 99% of the data fall within the whiskers.
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Our results are in line with previous research showing that
school-age children found it more effortful to work in adverse
(noisy) conditions than in quiet (von Lochow et al., 2018; Picou
et al., 2019). These findings support the idea that performing a
task in the presence of background noise (whatever its spectral
characteristics or informational content) requires the allocation
of more cognitive resources, and this is perceived by children as
demanding a greater effort. It is worth noting that, when
performance in quiet is already near-ceiling (as in our
sentence comprehension task), adding background noise will

increase perceived effort without affecting performance
(Krueger et al., 2017).

Judging from our findings for noisy conditions, a difference in
the effort required for different types of background noise only
emerged in the speech perception task, in which case the children
found classroom noise as more disturbing than traffic noise. The
greater perceived effort required may be attributable more to the
characteristics of the noise than to its level, since the SNR was the
same in the two noisy conditions. Unlike the traffic noise (which
had a stationary temporal envelope), the classroom noise used in

FIGURE 2 | Frequency distribution of the effort ratings, by task and listening condition.

TABLE 2 | Mean correct answers (in %) and response times (in ms) in each task, by listening condition. Standard deviations are given in parentheses.

Task Correct answers (%) Response times (ms)

Speech
perception

Sentence
comprehension

Mental
calculation

Speech
perception

Sentence
comprehension

Mental
calculation

Quiet 93.5 (7.4) 95.7 (5.9) 70.0 (18.1) 2,170 (361) 4,241 (789) 9,883 (2,930)
Traffic noise 91.9 (7.4) 95.3 (5.6) 68.5 (20.2) 2,176 (344) 4,316 (762) 9,867 (2,976)
Classroom noise 86.4 (10.8) 93.5 (7.2) 66.7 (19.7) 2,288 (394) 4,555 (903) 10,138 (2,847)
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our experiment had speech-like temporal fluctuations and
included salient events. Given the mechanisms of auditory
distraction (Hughes, 2014), the particular combination of the
noise’s changing state with its salient embedded events might
have taxed the children’s cognitive resources by competing with
the speech material they needed to process, and by prompting
them to become disengaged from the task. A greater use of
cognitive resources would be needed to deal with the noise,
thereby causing an increase in the experience of perceived
effort. Our findings add to the limited literature on school-
aged children’s self-reported effort ratings in a speech
perception task. Klatte et al. (2010) reported that a significant
effect of the type of background noise on how adults rated the
disturbance, but the same did not apply to children in first and
third grade. Similarly, Prodi et al. (2010) found that task difficulty
ratings by children 8–10 years old were less sensitive to listening
condition than those of adults. On the other hand, Picou et al.
(2019) showed that 10- to 17-year-olds’ self-rated ease of listening
was sensitive to changes in the SNR.

No significant difference in the effort ratings emerged between
the two noisy conditions in the sentence comprehension task,
while the RTs were significantly longer in classroom noise than in
traffic noise (Prodi et al., 2019a; Caviola et al., 2021). This result is
in line with reports from von Lochow et al. (2018), and Klatte
et al. (2010). The former found no significant increase in the
perceived effort to complete a passage comprehension task when
the number of background speakers was increased from one to
four. The latter found that children’s ratings of perceived
disturbance did not discriminate between the effects of
classroom noise and background speech. Both studies
concluded that, although children are aware of the disruption
caused by background noise, they do not notice any change in the
cognitive load of completing a task with different types of
background noise. As concerns the sentence comprehension
task used in the present study, an alternative explanation
might lie in the fact that children’s accuracy was at ceiling for
all listening conditions. The presence of a four-option, forced-
choice paradigm, and the contextual cues provided by the
sentences might have made the task too easy for any changes
in background noise to affect their accuracy or perceived effort
(though it did influence their RTs).

The type of background noise also failed to affect the children’s
perceived effort in the mental calculation task. This was the only

task in which there was a significant effect of individual
proficiency (i.e., maths fluency score) on the self-ratings,
however. Each child’s maths fluency score significantly
predicted their effort ratings, the children with higher scores
perceiving the task as less effortful. For this task, the perceived
effort seems to relate to the processing load involved: children
more proficient in maths adopted more efficient strategies to
complete the mental calculations, and this cost them less effort. It
could also be that mastering mental calculation is associated with
a more domain-general attentional control, which would be
responsible for a better control over the distracting effect of
noise. Unfortunately, no specific data were obtained in this
study to test such a hypothesis.

Finally, it is worth noting that our children’s effort ratings were
rather low, mainly ranging from one to three (on a scale from one
to five; Figure 2). Their tendency to use scores indicating a
limited perceived effort might stem from subjective differences in
effort “threshold” (McGarrigle et al., 2014), such that conditions
rated as effortful by one sample of listeners might not be rated in
the same way by another. Judging from the literature older adults
tend to underestimate their perceived listening effort by
comparison with young adults (Larsby et al., 2005); non-native
listeners report less perceived effort than native listeners, despite
the former having a worse performance (Visentin et al., 2018);
and children 8–10 years old tend to rate their listening difficulty
more favorably than adults (Prodi et al., 2010). We need to bear in
mind that children’s self-ratings could be affected by a social
desirability response bias (King and Bruner, 2000); in other
words, children may give researchers the answers they think
researches would like to hear. For children’s self-ratings to be
usable, it is crucial to assess this issue, and try to control it
experimentally. This will be the object of a specific study.

Alternatively, the children’s reasons for using only the lower
scores on the rating scale could have to do with their motivation
towards the experiment and the tasks. According to the FUEL
model (Pichora-Fuller et al., 2016), perceived effort depends not
only on the demands of a task, but also on respondents’
motivation, which mediates the cognitive demands of the task
when listeners prioritize the allocation of their resources (Peelle,
2018). In the present case, the children were probably strongly
motivated: the unconventional classroom experience involved in
the listening tests was able to keep them engaged throughout the
experiment. This was also noted by the experimenters, who could

TABLE 3 | Linear mixed-effects models for predictors of effort ratings in the three tasks (Reference levels: Listening condition–quiet; Age–11 years).

Speech perception Sentence comprehension Mental calculation

Predictors Estimate (CI) p Estimate (CI) p Estimate (CI) p

(Intercept) 1.72 (1.51–1.94) <0.001 1.30 (1.13–1.47) <0.001 2.04 (1.74–2.34) <0.001
Listening condition (quiet vs traffic noise) 0.28 (0.06–0.49) 0.013 0.21 (0.03–0.38) 0.02 0.56 (0.30–0.83) <0.001
Listening condition (quiet vs classroom noise) 0.76 (0.54–0.97) <0.001 0.23 (0.06–0.40) 0.008 0.61 (0.34–0.88) <0.001
Age (11 vs 12) −0.10 (−0.46 – 0.25) 0.57 0.01 (−0.28 – 0.29) 0.96 0.19 (−0.21 – 0.58) 0.36
Age (11 vs 13) 0.17 (−0.22 – 0.55) 0.40 0.17 (−0.13 – 0.48) 0.27 −0.11 (−0.50 – 0.28) 0.58
Reading comprehension/Maths fluency −0.01 (−0.15 – 0.12) 0.84 −0.05 (−0.16 – 0.06) 0.37 −0.22 (−0.36 − 0.08) 0.002
Observations 464 459 479
Marginal R2/Conditional R2 0.093/0.54 0.065/0.545 0.088/0.603
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be considered as qualitative witnesses of the children’s
motivation. Unfortunately, no specific quantitative data were
retrieved on this aspect, and our understanding of what
motivates children to listen and engage in academic tasks in
the classroom is rather limited (Rudner et al., 2018). More
research is needed in this area, including motivation as a
mediator in the analysis of self-rated effort.

Relations Between Effort Ratings,
Accuracy, and RTs
A second goal of the present study was to examine within-subject
associations between effort ratings, RTs, and performance
accuracy in different tasks, as a function of the changes in
listening condition.

An inverse within-subject association was found between
effort ratings and accuracy (in the speech perception and
mental calculation tasks), a better performance in the task
being associated with lower effort ratings. This result is in line
with previous findings referring mainly to speech reception tasks.
For instance, Morimoto et al. (2004) found that a very high task
performance (but still not at the ceiling) showed a strong negative
correlation with the subjective judgement of listening difficulty
and intelligibility–and self-rated listening difficulty was a more
accurate indicator of performance than intelligibility. We did not
find self-reported effort a more sensitive performance indicator
than accuracy, but our results might be limited by the fact that our
children only used the lower scores on the rating scale, so the
variation in their effort ratings was limited.

A significant relationship between the two measures of effort
considered here (self-rated effort and RT) only emerged for the
speech reception task, but the two measures did not show a
corresponding change with listening condition in the sentence
comprehension and mental calculation tasks. These findings give
the impression that the relationship between different measures
of effort might depend on the type of task (e.g., characteristics,
difficulty), potentially reinforcing the claim that they tap into
different underlying cognitive dimensions (Alhanbali et al.,
2019). For instance, recent research indicates a dissociation
between ratings of “ease” or “effort” and behavioral measures
of effort, in both adults (Lemke and Besser, 2016; Visentin et al.,
2019) and children (Picou et al., 2019; Oosthuizen et al., 2021b).
Studies exploring this relationship in school-age children are
scarce, however, and future studies need to address this
research gap.

Study Limitations and Future Directions
Several aspects of this study may limit the generalizability of our
findings.

First, we assessed perceived effort based on a single question
(“How much effort did doing this task require?”), which might be
too difficult for the children to understand. According to
Kahneman and Frederick (2002), people faced with a difficult
question tend to answer a different, easier question. Formulating
the question in a way that is easier for children to understand
might generate results that are more reliable, and less biased
toward positive responses (Picou et al., 2019).

Second, we used a 5-point rating scale for the self-ratings. It
may be better to use a visual analogue scale to obtain a finer
measure of the amount of effort perceived. This might give us
more useful information on the construct assessed, and avoid
systematic upward or downward bias deriving from the limited
number of scores on the scale (Kuhlmann et al., 2017).

Third, none of the variables included in the statistical analysis
(listening condition, age, individual proficiency in the baseline
task) accounted for much of the substantial inter-individual
variance in self-ratings of effort, as indicated by the
conditional R-squared coefficients in Table 3. This suggests
that other (intrinsic or extrinsic) factors might influence
school-age children’s effort ratings. For instance, the FUEL
model indicates that listening effort depends both on the
demands of a task and on the listener’s motivation. The latter
governs how hard listeners try to understand what is being said
and governs how well their perceptual and cognitive abilities are
used (Lidestam and Beskow, 2006). Future studies should include
questions to assess children’s motivation in order to shed light on
how much they focus their attention on completing the task.

Another aspect of effort that future research could explore
concerns confidence ratings, or how much guesswork
respondents feel they have used in completing a task. This
would give us an idea of their meta-cognitive monitoring
abilities, i.e., the degree to which respondents are capable of
monitoring whether they have understood the message
correctly or not (Giovanelli et al., 2021). This aspect is
especially relevant in the case of children working in
classrooms in inadequate acoustic conditions, as an
adequate meta-cognitive monitoring of their teacher’s
verbal communication would trigger compensatory
strategies (e.g., the children would ask the teacher to
repeat a sentence, or speak more slowly or louder) to help
them cope with the adverse listening conditions.

CONCLUSION

This study investigated the effect of background noise conditions
on self-ratings of listening effort in children aged 11–13 years
completing three academic tasks (speech perception, sentence
comprehension, and mental calculation). In all three tasks, the
children’s perceived effort was greater in background noise than
in quiet conditions, but it was only in the speech perception task
that the type of background noise (traffic versus classroom noise)
influenced their effort ratings.

Our results indicate a significant within-subject association
between children’s effort ratings and their accuracy in all tasks.
On the other hand, a significant link between their effort ratings
and a behavioral measure of listening effort (response times) only
emerged for the speech perception task.

Overall, the present findings go to show that self-ratings could
be useful for measuring changes in school-aged children’s
perceived listening effort. More research is needed to clarify,
and thus control the individual factors that influence children’s
effort ratings (such as motivation) and to devise an appropriate
response format.
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