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Noise is defined as unwanted sound. Not only is noise unwanted,
it is expensive and bad for human health. But what sounds like

-§ DANIELE noise to one person might be a happy sound for someone else,
AGE: 16 so how do we study noise? This article explains how we try to
— TOTS understand and measure noise. We run experiments in a laboratory
gﬂg & TEENS to measure how noises in the environment affect listeners’ thinking,
7 AGES:11-12 stress levels, and health. We measure the listeners’ brain activity, how
much they sweat, and their heartbeat changes in response to noises
like car engines, train squeals, and airplanes taking off. We match up
the brain activity we measure with what people tell us about their
responses to noisy sounds. This work will help us to make the world
sound better for everyone—the more we understand how we hear,
and design better places and spaces to improve our experiences

with sound.
| am a psychoacoustician. That means | am interested in what
A scientist who happens in our bodies and our brains when we hear different
Zﬂiﬂfﬂﬁﬂg kinds of sounds. There are many different kinds of sounds—speech,
psychological reactions music, traffic noise, and animal calls, to name a few. This article
to sound. looks at environmental sounds, which are the kinds of sounds we
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NOISE POLLUTION

Unwanted noise,
generally in the work or
home environment.

PERCEPTION

A way of measuring the
different types of
responses we might
experience to a given
stimulus.

Williams Our Bodies and Noise

hear in everyday life across towns, cities, and rural areas. | will
describe an experiment in which we play various environmental
sounds (trains, planes, car traffic, building noises, and a few others)
to people. We want to understand how people feel when they hear
these different types of sounds, and ultimately we hope that our
work will assist architects, engineers, and planners with their design
choices, to make the world sound as good as possible for everyone.
But why?

SOUND VS. NOISE

In the modern world, noise is a big problem. But what is the
difference between “sound” and “noise”? Essentially, the difference
comes down to whether the listener wants to hear the sound. Noise
consists of sounds that people do not want to hear. When noise
starts to take a toll on human health, it becomes a pollutant. If you
have spent any time in a big city, you are likely to have suffered
from noise pollution at some point. The World Health Organization
rated environmental noise as the second biggest health problem
facing Western Europe in 2018! Around the same time, the British
government estimated that traffic noise—car noise, specifically—cost
the economy £8 billion per year, not just from dealing directly with
noise complaints but also because noise pollution can distract us from
our work or interrupt a good night'’s sleep, which ultimately brings our
productivity down.

Why is noise so damaging? We know that noise affects our sleep
and our concentration at school or at work. Noise can make us feel
stressed, and there is increasing evidence to suggest that it affects
our heart health, too. This makes noise a very serious problem, and a
difficult one to deal with. Noise affects all of us differently. One of the
biggest challenges for psychoacousticians is understanding human
responses

to noise.

PROBLEMS WITH MEASURING NOISE

Acousticians often use technology to measure sound levels. For
example, a sound pressure meter might measure how intense the
pressure of a sound wave is, but devices like these do not tell us
how sounds affect people. We are interested in people’'s emotional
responses to sounds because the perception of the sound is what
makes it either noisy (annoying and unwanted) or not noisy (wanted).
Imagine your friend is enjoying listening to very loud rock music. To
your friend, this sound is pleasant and causes good feelings. But if
you were in the room next door trying to sleep, you might feel very
differently about your friend’s music! You would perceive the music
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VALENCE

A measure of positivity
in emotional response.

AMBISONICS

A technique for
creating highly realistic
spatial audio scenes
using multiple
loudspeakers.

BIOSENSORS

Sensors which monitor
biophysiological
reactions, such as heart
rate, sweat, or brain
activity.

ELECTRO-
ENCEPHALOGRAPHY

A specific biosensor
technique which uses
sensors that are
connected to the scalp
to measure electrical
activity from the brain.
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as noise and might find yourself banging on your friend'’s door to turn
it down!

In our experiments, we often try to understand how sounds are
pleasant to one person and annoying to another. But how do we
measure how annoying a sound might be?

One way to do this is to rate annoyance on a scale of 1-10, with
1 being a very negative emotion and 10 being very positive. This
kind of scale is called a valence. The trouble is that a very intense
and positive emotional response might be excitement, whereas a less
intense but equally positive emotional response might be relaxation.
A very intense negative emotional response could be anger or fear.
This illustrates one of the problems with using valence to measure
emotional responses—how do we differentiate between two very
different emotional responses, like excitement vs. relaxation or anger
vs. fear?

There is another problem with this type approach: the person being
tested must be paying attention. Imagine we are trying to find out how
noise affects sleep. We could play loud noises near someone who is
sleeping and ask them to tell us how that noise makes them feel. The
trouble is, each time we wake the person up, they will become more
and more annoyed and find it more and more difficult to get back to
sleep. Or perhaps we are trying to work out how noise affects people
when they are driving, but asking drivers lots of questions while they
are trying to concentrate on the road could be dangerous!

MEASURING LISTENERS' RESPONSE TO NOISE

To overcome some of these problems, we design laboratory tests. We
record noises from the real world and play them to people using a
technique called ambisonics, which is a specialized kind of surround
sound. We then measure how listeners’ brains and bodies react using
biosensors, which are devices that record things like heart rate, sweat
production, muscle tension, and brain activity.

Figure 1 shows a technique called electroencephalography (EEG).
EEG records brain activity. It works by measuring the electrical activity
inside the brain using tiny electrodes in a cap that is placed on the
scalp. By watching how these signals change, we can interpret how
the brain is reacting to the various sounds that we play for our listeners.
We also monitor how much sweat listeners are producing, as this can
tell us more about their emotional states, like their levels of tension or
relaxation. Finally, we might look at how a listener’s heart rate changes
over time. Heart-rate variability can tell us more about how the listener
is feeling. If you have ever watched a spy movie, you will know that
these are the same types of sensors used in lie-detector tests!
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(A) A listener
undergoing EEG. She is
wearing a cap with
electrodes that
measure her brain
activity, while she is
listening to
environmental sounds.
(B) A closeup of the
EEG electrodes and
cables on the cap. (C) A
live data stream of
electrodermal activity
(sweat), and heart rate.

A graphical
representation—in our
case, of the surface of
the scalp used to show
where activity occurs
whilst using an

electroencephalograph.

Topographs show
electrical activity from
the brain, measured on
the surface of the
scalp. The colors relate
to intensity of brain
activity. In the scale,
yellow is low activity
and red is high activity.
The triangle at the top
of the circle on the
topographs on the left
represents the listener’s
nose. If we compare
[(A), top pair] “angry”
topographs with the
topographs of [(B),
bottom pair] which are
“afraid” topographs, we
can see that they are
almost exactly opposite
to one another.
Topographs show
electrical activity from
the brain, measured on
the surface of the
scalp. The colors relate
to intensity of brain
activity. In the scale,
yellow is low activity
and red is high activity.
The triangle at the top
of the circle on the
topographs on the left
represents the listener’s
nose. If we compare
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EEG is a well-established technology, and there are lots of ways to
interpret EEG data by studying the unique patterns of brain activity,
which is displayed in the form of a color plot called a topograph
(Figure 2). EEG can not be used to read humans minds, but it
can help us understand if a person is sad, angry, afraid, or relaxed.
EEG topographs give us a much clearer picture of how a person
feels than we could get by just asking them, so this technique
can help us compare the effects that various sounds have on
many individuals.

Figures 2A,B illustrates that an angry topograph is almost the reverse of
an afraid topograph. This makes sense, and we even have a common
saying about this type of response: fight or flight. Anger and fear
also have unique and well-known effects on our hormonal responses
including the release of substances like endorphins. Measuring these
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[(C) top pair] "happy.”
with the topographs of
[(D), bottom pair] which
are “sad” topographs,
we can see that they
are very similar to each
other.

Figure 3

We used a standard
scale [ISO 15666:2003,
[1], p. 15,666] to assess
listeners’ annoyance in
response to several
types of environmental
sounds. Red indicates
that sounds were more
annoying. In this case,
the sound of the
breaker was the most
annoying sound, with
the sound of urban
traffic being least
annoying. A
construction breaker is
a heavy duty
percussion hammer
tool for breaking up
concrete and similar
materials. Aircraft
appears twice because
the aircraft sound was
repeated in each test,
to use as a control
signal.
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hormones and others can further help us to study the effects of noisy
sounds on people’s bodies.

Something interesting happens when we play people happy vs. sad
sounds—the topographs do not show much of a difference (Figures
2C,D)! At first glance that does not make sense—why would people
feel the same, whether they are hearing happy or sad music? Well,
we know that people enjoy listening to sad music sometimes—maybe
you can think of a few sad songs that you like! This taught us that we
should think about these responses as indicating enjoyment. We also
have a saying for this type of response: ‘I did not know whether to
laugh or cry!”

WHAT ABOUT ENVIRONMENTAL SOUNDS?

When we asked people to rate their own level of annoyance to
environmental sounds, we obtained some interesting results (Figure
3). According to our listeners, the construction noise was the most
annoying sound. And the least annoying sound? Interestingly, it was
the traffic sounds! But most of our listeners lived in a major city, so
perhaps they found those sounds quite normal.

Sample Average rating| st.deviation
Breaker 2.1
Tram squeal 2.0
Aircraft 6.9 2.0
Aircraft 6.6 2.0
High speed train 6.4 2.0
Highway 2.4
Urban traffic 24
Figure 3

IN THE FUTURE...

In this article, we talked about a few different types of sensor that you
can use to measure how people respond to different types of sound.
These devices are getting smaller and more practical to use for long
durations, so that in the future, we are hoping to bring together all of
these ideas, to predict what might happen in our bodies and brains
when we are exposed to new types of building noise or transportation
noise, like new railways, runways, and the like. We hope that our results
will help architects and engineers to make informed decisions and,
ultimately, create a more pleasant-sounding world.
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YOUNG REVIEWERS

DANIELE, AGE: 16

Sixteen y/o guy who likes IT/Tech stuffs, math and physics and enjoys trying to solve
problems that are too hard for a teenager but only realizes it after spending many
weeks trying to figure out how to solve them.

TOTS & TEENS, AGES: 10-12

We are a small but mighty class of curious, multilingual learners. We are studying
living things, life processes, natural habitats, and environmental damage caused by
humans in our second language, English! Some of us love science, there is even a
budding scientist amongst us, but some of us are not so keen. We are hoping you
can show us just how amazing science can really be.
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