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Selection of goal-consistent acoustic environments by adults and preschool-aged
children

Rondeline M. Williams (rondeline.williams@stanford.edu) and Michael C. Frank (mcfrank@stanford.edu)
Department of Psychology, Stanford University, Stanford, CA 94305 USA

Abstract

Children are navigating a world with massive amounts of audi-
tory input, sometimes relevant while other times purely noise,
and must somehow make sense of it all. The early auditory en-
vironment is critical for speech perception and recognition, au-
ditory discrimination, and word learning, all of which support
language outcomes. What strategies do children use to learn
in noisy environments? One potential strategy is environmen-
tal selection, which allows children to seek environments that
align with particular goals. In the current paper, we examined
whether children and adults make decisions about their envi-
ronments by integrating auditory information and goal-states.
While 3- and 4-year olds struggle with discriminating the level
of noise in noisy speech streams (and likely do not use this
information for environmental selection), 5-year-old children
and adults can. Further, we show initial evidence that they can
use this information to reason about acoustic environments that
are consistent with specific goals.

Keywords: active learning; auditory discrimination; auditory
noise; cognitive development

Introduction
Children’s auditory environment supports language develop-
ment, but this environment can also be noisy and chaotic.
Acoustic noise is ubiquitous and unavoidable, from sounds
as low as a whisper (30 dB) to as high as crowded restau-
rants (90 dB) (Erickson & Newman, 2017). Children struggle
with speech perception and word recognition in noisy envi-
ronments, and often require signal-to-noise (SNR) levels of 5-
7 dB higher than adults listening to the same stimulus (Bjork-
lund & Harnishfeger, 1990; Klatte, Bergström, & Lachmann,
2013). Despite this, children manage to make sense of such a
noisy world.

More than 20 million children living in the United States
are exposed to dangerous noise levels daily, and 5 million
of those children suffer from noise-induced hearing loss as
a result (Viet, Dellarco, Dearborn, & Neitzel, 2014). Unfor-
tunately, children of color living in urban regions are over-
represented in these numbers (Casey et al., 2017). Chronic
exposure to noise has been correlated with poorer reading
performance, reduced short term and episodic memory, and
smaller expressive vocabularies in elementary school children
(Clark, Sörqvist, & others, 2012; Hygge, 2019; Riley & Mc-
Gregor, 2012). Yet despite suboptimal conditions, language
acquisition, cognitive development, and full engagement with
the environment is still possible, albeit more difficult. What
strategies do children use in these conditions?

One observation is that children’s attention or discrimina-
tion abilities may shift when faced with suboptimal auditory
patterns, even if this causes deleterious long- term outcomes.
For example, Cohen, Glass, & Singer (1973) measured the
sound pressure levels in and around a noisy Manhattan high-
rise apartment complex where 8- and 9-year-old middle class
students lived, and then asked how this chronic noise expo-
sure related to reading performance. Auditory discrimina-
tion mediated the relationship between reading comprehen-
sion/ability and auditory noise, such that children exposed to
higher levels of auditory noise in the home not only filtered
out the noise, but also filtered out important information that
may support reading ability. Because children were indis-
criminately filtering out both acoustic signal and noise, this
strategy might be considered maladaptive over time- one that
primarily affects children exposed to chronic noise.

It is possible, however, that children can and do make use
of adaptive strategies under acoustic constraints. Consider a
problem space in which children learn to optimize their au-
ditory environments to successfully complete certain goals.
For example, a child might find that reading is best done in
a library, not just because of its convention (because libraries
function as places to read/check out books), but because it is
a quiet space. Such a strategy might allow children to ex-
ploit environmental variation in noise to maximize their abil-
ity to learn in suboptimal or variable conditions. In the cur-
rent paper, we asked whether preschool children can reason
about their auditory environment and how it relates to specific
goals.

Environmental selection of this type is a type of active
learning, in which an agent makes choices to shape its own
learning. The dominant approach to studying active learn-
ing has emphasized how learners approach individual stim-
uli (e.g., Settles, 2009). When faced with uncertainty, both
human and machine systems can learn actively by choosing
new stimuli to query that are informative with respect to the
learner’s current knowledge state (Castro et al., 2008). In-
fants, too, have been shown to use active learning strategies
(Ruggeri, Swaboda, Sim, & Gopnik, 2019; see Xu, 2019 for
review).

Although most active learning research has focused on
stimulus selection, perhaps children and adults are engaging
in active learning by also making decisions about the envi-
ronments in which they learn. In practice, this behavior may
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present itself as moving to a different room to study for an
upcoming exam or playing in a room with other children who
seem to be having the kind of fun you desire. We might ex-
pect humans to seek out environments that best support their
goals, and observe this strategy even in young children.

In the current paper, we took a first step towards investigat-
ing whether children and adults actively select their auditory
environment to achieve their goals. We conducted two exper-
iments with both children and adults. Although our primary
interest is whether and how children engage in environmental
selection, we also collected adult samples to offer compar-
isons of how cognitively mature individuals might respond
to these tasks. To ensure that the stimuli we use can be dis-
criminated by children in our target ages, Experiments 1a and
1b investigate children and adults’ auditory discrimination of
noise in long speech streams. Experiments 2a and 2b then
examine whether children and adults can select auditory en-
vironments that match a goal.

Experiment 1a
Previous research has consistently shown that adults can dis-
criminate when two different sounds are at or below 5 dB
apart, and children as young as four perform similarly to
adults in discriminating contrasts as low as 5 dB (Jensen &
Neff, 1993). However, the stimuli commonly used to measure
intensity discrimination tend to be short tonal bursts. These
differ considerably from children’s real-world auditory expe-
riences, which are not always transient and can reflect more
sustained noise. Additionally, noise exposure is not limited to
non-speech noise (e.g., white noise). Multi-talker noise is one
initial example of a kind of noise that occurs in children’s nat-
ural environments and that has been used across other stud-
ies as a more ecological noise stimulus (Fallon, Trehub, &
Schneider, 2000; McMillan & Saffran, 2016). Thus, in our
first experiment, we aimed to build on previous discrimina-
tion studies by creating a intensity discrimination and pref-
erence paradigm that used longer audio streams (up to 25s)
and naturalistic multi-talker noise. This experiment (and its
counterpart with children, Experiment 1b) sets the stage for
further experiments on environmental selection.

Methods
Participants A total of 40 adults (mean age = 27.68 years;
52.5% Caucasian/White) living in the United States at the
time of test were recruited to participate via the online plat-
form Prolific. Testing was restricted to a laptop, desktop, or
tablet. All participants were fluent in English and had no se-
vere visual or cognitive impairments. To preserve the quality
of the data, participants also completed two attention check
questions and were excluded if they failed one or more of the
attention checks. For this reason, an additional 6 participants
were excluded from analysis. Informed consent was collected
from each participant before the experiment began.

Materials and Procedure Participants were told that they
would watch 25s animated videos from each of the ten class-

Figure 1: One of 10 animated classrooms participants viewed
during the session.

rooms in The Alphabet School, a fictional preschool program
in which each class learns one letter of the alphabet from A–
J. Classrooms were created with Vyond animation software.
Each classroom was depicted in the videos as having 5–6
preschool children and one adult teacher with stereotypical
male or female presentation. The wall colors of each class-
room identified which classroom participants were viewing.
In each video, the teacher would tell the students which let-
ter of the alphabet they would be learning, followed by three
images on a whiteboard of animals or objects that begin with
that letter. Each room corresponds to one video. Figure 1 il-
lustrates one of the ten classrooms shown during the session.

Participants viewed two videos per trial, for a total of five
trials. Importantly, the classrooms differed in their signal-to-
noise ratios (SNR), which ranged from 5–25 dB. The target
signal, the teacher’s speech, was registered at 65 dB, and the
background noise, a recording of live preschool classrooms,
was equalized on speech subtracting any silence in the clips
and registered at 35, 40, 45, 50, 55, or 60 dB. The target sig-
nal and background noise clips were then combined to create
five videos with SNRs of 5, 10, 15, 20, or 25 dB. The two
videos participants viewed for each trial differed from each
other by 5–25 dB SNR (e.g. For Trial 1, if Video/Room A
has an SNR of 10 dB and Video/Room B has an SNR of 25
dB, then the difference in SNR for Trial 1 is 15 dB). At the
end of each trial, participants were asked, “Which room was
louder- Room (A) or Room (B)”. To understand how partici-
pants evaluated the referent of the question, we also asked at
the end of the experiment whether the term “louder” [in the
question, “Which room was louder- Room (A) or Room (B)”]
referred to the loudness of the speaker or the loudness of the
background noise, but was not an exclusion criteria. The ma-
jority of participants – 33/40 – indicated the loudness of the
background noise as the referent of the question. Addition-
ally, to reduce participant inattention in the data, we included
two attention check questions and excluded participants who
answered at least one question incorrectly. SNR levels of
each classroom were counterbalanced across trials and con-
ditions. Because SNR is a relative measure, the relative in-
tensity between stimuli was standardized across participants
(Klingholz, 1987). While we do recognize potential differ-
ences in absolute intensity between participants, this differ-
ence alone likely has no significant bearing on the results pre-
sented here.
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Figure 2: Results from Experiment 1a. Proportion of re-
sponses correctly indicating the stimuli with the greatest
sound pressure level. Participants were presented with a bi-
nary choice and had a 50% chance of correctly responding.
SNR levels on the x-axis ranged from (left to right) 5, 10, 15,
20, and 25 dB. Error bars show 95% confidence intervals.

Results and Discussion

Given prior data, we expected that across SNR levels, adults
would correctly identify relative differences in the auditory
environments presented in this experiment (which served pri-
marily as a comparison for Experiment 1b with children). We
preregistered [https://osf.io/tqay9] a Bayesian mixed-
effects logistic regression predicting correct responding as
a function of SNR, with a maximal random effect structure
(random slopes by SNR and a random intercept by partic-
ipant). SNR level was centered at 15 dB. In this and sub-
sequent models, we used the package default of weakly in-
formative priors (normal distributions on coefficients with
SD=2.5, scaled to predictor magnitudes).

On average, adults were above chance across all five SNR
levels (intercept: β = 2.15, 95% Crl = [1.66 - 2.88]), and there
was a modest effect of SNR on performance (intercept: β =
0.08, 95% Crl = [0.01 - 0.16]). Data are shown in Figure 2.

This finding is both a replication of previous studies which
have found similar performance levels in adults, as well as
an extension that revealed these findings hold even with more
complex stimuli. These results affirm adults’ auditory dis-
crimination skills are fully mature, and that they possess the
cognitive resources necessary to successfully complete this
task.

Experiment 1b

In Experiment 1b, we reran the same experiment with 3–5-
year-old-children.
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Figure 3: Experiment 1b. Proportion of correct responses
across SNR levels from 5–25 dB. Error bars show 95% con-
fidence intervals.

Methods
Participants 36 children (3;0 years-5;11 years, mean age =
4 years, 12 children per age group, 41.7% Caucasian/White)
completed the same task as adults in Experiment 1a with a
few notable differences. An additional 7 children were ulti-
mately excluded from analysis because their caregivers indi-
cated they heard English less than 75% of the time. Partici-
pants were recruited through online advertisements on social
media and through direct sign-ups on a multi-lab develop-
mental research website.

Materials and Procedure Children were tested syn-
chronously over the Zoom platform by an undergraduate re-
search assistant. The researcher first collected informed con-
sent from the caregiver, who was often present but instructed
not to engage during the session, followed by assent from
the child. Children whose caregivers pointed to the computer
screen or provided answers during the session were excluded
from analysis. Due to the age range of interest, the exper-
iment was presented strictly though images and videos, and
the research assistant verbally explained each slide to the chil-
dren. Between trials, children were given virtual gold stars,
which served to pace the experiment and to maintain engage-
ment. Children were not provided any feedback on their per-
formance. Unlike adults, children were not asked to identify
whether the speaker or the background was the referent of
“louder.”

Results and Discussion
We anticipated that, while the strength of the effect would
increase with age, all children would correctly identify rela-
tive differences in SNRs from 10–25 dB, and that only three-
year-old children would be unable to correctly identify this
difference at 5 dB. We ran the same Bayesian logistic regres-
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sion presented in Experiment 1a, but added age (centered at
the mean) as a main effect. Figure 3 demonstrates a sim-
ilar, though weaker, pattern of auditory discrimination skills
in preschool children. In the aggregate, 3–5-year-old children
showed some discrimination ability on the current paradigm
(intercept : β = -4.52, Crl = [-6.77 - -2.42]), but independent
of SNR (intercept : β = 0.14, Crl = [-0.14 - 0.42]).

Age played a larger role in children’s performance than we
anticipated. To explore this effect, we binned the data by the
child’s age in years [3;0-3;11, 4;0-4;11, and 5;0-5;11 years]
and reran the same analysis. Older children were more likely
to correctly discriminate auditory signals than younger chil-
dren (intercept : β = -3.14, Crl = [-4.94 - -1.47]).

Our findings differed from prior results in that only 5 year
olds appeared to be robustly above chance in discrimination.
There are several possible reasons for this disparity. First,
as described earlier, this task is much more challenging than
prior rapid discrimination tasks: it requires assessing the level
of noise in a video, remembering it, and comparing it to an-
other over the course of almost a minute. Additionally, the
type of stimuli presented here differs from the tonal bursts or
other non-speech sounds used in earlier work.

Experiment 2a
If 5-year-old participants can successfully discriminate be-
tween sound pressure levels, can they then use this infor-
mation to reason about which goals are most appropriate in
these environments? In our next set of experiments, we as-
sessed this hypothesis. Participants watched a video of a
third-person character with several goals and were asked to
select the environment in which he should complete these
goals. As in Experiment 1, we began by assessing perfor-
mance in a convenience sample of adults.

Methods
Participants 128 adults (mean age = 27.82 years; 69.5%
Caucasian/White) living in the United States at the time of
test were recruited to participate via the online platform, Pro-
lific. An additional 19 participants were excluded from anal-
ysis for failing one or more of the attention checks. Testing
was restricted to a laptop, desktop, or tablet. All participants
were fluent in English and had no severe visual or cognitive
impairments. Informed consent was collected from each par-
ticipant before the experiment began.

Materials and Procedure Participants were introduced to
a preschool-aged character named Ryan with eight goals to
complete throughout the experiment: (1) to read a book, (2)
to build a tower out of blocks, (3) to learn the letters of the
alphabet, (4) to paint a picture, (5) to dance to his favorite mu-
sic, (6) to learn a new language called Zerpie, (7) to talk to a
friend, and (8) to eat lunch. All activities had relatively sim-
ple explanations with the exception of (6). For this trial, par-
ticipants were told that Ryan’s new neighbor, Logan, speaks
a rare language called Zerpie, a language he doesn’t speak.
Ryan wants to learn Zerpie so he can communicate with Lo-

gan.
In each of the eight trials, participants watched a video in

which Ryan stood in between two closed doors labeled “A”
and “B”, respectively. Before the video began, participants
were told to watch and listen carefully to decide which of the
two rooms Ryan should go to in order to complete his goal.

As in Experiment 1, we manipulated the sound level of
each room, but removed any classroom stimuli, including the
teacher, and only depicted one child opening and standing
in front of each door. As such, participants did not have ac-
cess to any visual information about the room, and could only
rely on auditory information, as well as any information pro-
vided by the character who opened the door. Each character’s
voice was equalized to 65 dB and, unlike in Experiment 1, all
characters shared the same voice. All characters except Ryan
were preschool girls but differed in appearance. The same
background noise in Experiment 1 was used for the current
experiment. For each trial, the difference in SNR between
the two rooms was randomly selected to be either 5, 10, 15,
20, or 25 dB such that on average participants heard a range
of smaller and larger intensity differences.

During the video, each character would open their respec-
tive door beginning with Room A. The character in Room A
always said, “You can [goal] in this room”, while the charac-
ter in Room B always said, “Or you can [goal] in this room.”
While the room on the left was always labeled “A” and the
room on the right was always labeled “B”, the characters from
and sound levels of each room, as well as goal order were
counterbalanced across conditions.

For each trial, participants were told which goal Ryan
wanted to complete and were asked to select the room that
he should complete his goal. After making a selection, they
were then asked to briefly explain their choice. Responses for
the quieter room (relative to the other and based on the actual
sound pressure level) were given a 1, while responses for the
louder room were given a 0.

Results and Discussion
We expected that adults would select the quieter room when
the goal was (1) to read a book, (2) to learn the new lan-
guage called Zerpie, and (3) to learn the letters of the alpha-
bet. We were uncertain but thought that some adults might be
more likely to select the louder room when the goal was (1)
to dance to his favorite music, (2) to talk to a friend, and (3)
to build a tower out of blocks because these are more social
activities and louder rooms might imply more people being
present. Additionally, we expected participants to have no
sound level preference for (1) eating lunch and (2) painting a
picture because the goals are unconnected with the auditory
environment.

As in Experiments 1a and 1b, we preregistered [https://
osf.io/hjqys] a Bayesian mixed-effects logistic regression
predicting environmental preference as a function of activity
type. Figure 4 depicts adult participants’ preferences for qui-
eter environments based on the chosen activity. Coefficients
for the read, learn, Zerpie, paint, and dance activities all had
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Figure 4: Experiment 2a. Proportion of participants select-
ing the quiet room based on activity, with activities sorted by
response level.

95% credible intervals that did not overlap with zero. Interest-
ingly, only for the dance activity did adults choose the louder
room more than 50% of the time, likely reflecting some am-
bivalence about whether someone might want to, e.g., eat in
a loud room.

In sum, these findings suggests adults can reason about the
match between acoustic environments and activity goals.

Experiment 2b
In the next next study, we asked about whether children could
also evaluate the match between acoustic environments and
activity goals. Following the results of Experiment 1b, we
conducted this experiment exclusively with 5-year-olds.

Methods
Participants 30 5-year-old children (33.3% Cau-
casian/White) completed a truncated version of Experiment
2a to both prevent testing fatigue and to maximize any
response differences based on the presented goals.

Participants were initially recruited and tested at a local
Bay Area preschool but due to COVID restrictions, testing
moved exclusively online. In total, 8 participants were tested
in-person and 22 were tested online. The in-person testing
was conducted with both caregiver consent and participant
assent. As with the online testing, participants were included
only if they heard English at home at least 75% of the time
and had no known cognitive, visual, or neurological impair-
ments, which led to an exclusion of an additional 8 children.

Materials and Procedure We tested children on the four
activities with the widest differences observed in Experiment
2a: (1) to read a book, (2) to learn the letters of the alphabet,
(3) to build a tower out of blocks, and (4) to dance to music,
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Figure 5: Experiment 2b. Proportion of participants selecting
the quieter room by activity.

for a total of four trials. Additionally, participants in this ex-
periment were only shown videos in which the two rooms had
SNR differences of 25 dB because there were no differences
in performance across SNR levels in Experiment 1b.

Rooms and characters depicted in the videos remained con-
sistent with Experiment 2a, with one exception: the room la-
bels, “A” and “B”, were replaced with one black circle for
Room 1 and two black circles for Room 2. This change was
implemented after finding that several participants in the pilot
study seemed to favor the letter A over B, and because these
letter labels may interfere with responses when the goal is to
learn the letters of the alphabet. Black circle labels, on the
other hand, are more abstract and may reduce this bias. As
done previously, the characters, sound pressure levels, and
goal order were counterbalanced across conditions.

Whether testing online or in-person, participants were
shown the same set of videos and a research assistant (for on-
line testing) or the first author (for in-person testing) verbally
explained each slide and video to participants. After watch-
ing each video, participants were asked to select the room
Ryan should complete his goal and to briefly explain their re-
sponse. As in Experiment 2a, responses for the quieter room
(relative to the other and based on the actual sound pressure
level) were given a 1, while responses for the louder room
were given a 0.

Results and Discussion
We expected to see a similar, though weaker, response pat-
tern as adult participants in Experiment 2a. Figure 5 depicts
children’s preferences for quieter environments based on the
chosen activity. We ran the same logistic regression as in Ex-
periment 2a. Children were more likely than chance to select
the quieter room for book reading (which was set to the inter-
cept: β = 1.56, Crl = [0.49 - 3]), but credible intervals for the
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other activities overlapped zero, suggesting that they could
not individually be differentiated from those for the read ac-
tivity. Overall, children appeared to have a preference for the
quieter room across activities.

Children’s preference across activities appeared different
from those of adults. For example, adults strongly preferred
to learn in a quiet room while children had numerically the
lowest quiet preference for the learning activity. We specu-
late that children’s associations with these activities may dif-
fer from those of adults: for example, many children may
think of learning as something to be done in a noisy class-
room setting.

As an exploratory analysis, we asked whether the inclusion
of activity predictors as a whole improved model fit over an
intercept-only model by using bridge sampling to compare
between models with and without activity as a predictor. This
comparison revealed a Bayes Factor of 27.64 in favor of the
activity model, suggesting that as a whole these predictors did
substantially improve model fit and hence children showed
some sensitivity to goal in their room selections, despite their
bias for the quieter room.

General Discussion
We asked here whether adults and children can reason about
how acoustic noise changes their environment. We found that
both 5-year-old children and adults could discriminate noise
levels differing by 5 dB in long-form auditory stimuli. On the
other hand, 3- and 4-year-old children were unable to do so.
We then asked whether 5-year-olds and adults would reason
about which acoustic environments best matched a particu-
lar activity goal. Adults showed clear and graded sensitivity,
choosing quieter environments for reading and learning and
louder environments for dancing. Five-year-olds were more
likely to select the quieter room overall but showed initial ev-
idence that they differentiated between activities as well.

In other research, children in the age ranges we studied
show evidence that they learn actively (Ruggeri et al., 2019;
Xu, 2019), pursue ways to reduce uncertainty when faced
with a possible reward (Feldstein & Witryol, 1971), and
search for additional information on a particular topic when
their intuitive theories are less informative (Wang, Yang, Ma-
cias, & Bonawitz, 2021). Yet we found that younger chil-
dren struggled even to differentiate environments with differ-
ent levels of noise, and even 5-year-olds showed only modest
sensitivity to the congruence between acoustic environments
and goals. Each of these tasks may have been challenging for
children for reasons unrelated to their sensitivity to the under-
lying constructs, however. The discrimination task required
encoding and comparing noise levels across two different 25s
videos, which might have been challenging for reasons of at-
tention and memory. And the environmental selection task
required noticing that the rooms differed in noise levels and
encoding their noise levels as well as associating different
noise levels with particular activities. Thus, in future work
we intend to explore simpler and more naturalistic paradigms

for evaluating children’s environmental selection abilities.
There are several further limitations that point the way to-

wards new experiments. First, our research relied on conve-
nience samples and so our specific estimates are not broadly
generalizable to other populations. Second, the paradigm
used third-party scenarios where participants assisted some-
one else with achieving certain goals; it is still unknown
whether children would make similar decisions if they them-
selves were given goals to complete. Finally, there is a possi-
bility that participants’ familiarity with the context of partic-
ular activities (e.g., that they have typically danced in a noisy
preschool classroom) influenced their environmental prefer-
ences. Future work should explore novel activities where par-
ticipants cannot rely on their current knowledge about which
auditory environments are most optimal for each activity. By
understanding the strategies children use to learn in noisy au-
ditory environments, we might offer better solutions for those
exposed to chronic noise, thereby mitigating some of its neg-
ative effects. Such mitigation is becoming more and more
critical as cities become more populated (bringing construc-
tion with it) and auditory noise becomes even more unavoid-
able. Future studies will need to (1) explore the developmen-
tal trajectory of environmental selection, and (2) examine the
boundaries of environmental selection by probing these ques-
tions with other goals and in other contexts (e.g. first-person
settings). Investigating how children learn in noise will ul-
timately bring us closer to understanding how children can
thrive across a wide range of environments.
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