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When we speak, we can vary how we use our voices. Our speech
can be high or low (pitch), loud or soft (loudness), and fast or slow
(duration). This variation in pitch, loudness, and duration is called
speech prosody. It is a bit like making music. Varying our voices when
we speak can express sarcasm or emotion and can even change
the meaning of what we are saying. So, speech prosody is a crucial
part of spoken language. But how do speakers produce prosody?
How do listeners hear and understand these variations? Is it possible
to hear and interpret prosody in other languages? And what about
people whose hearing is hot so good? Can they hear and understand
prosodic patterns at all? Let's find out!
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SPEECH PROSODY

The musical quality of
speech, like stress,
rhythm, and intonation.
It can express sarcasm
and emotions, and it
can also change the
meaning of speech.

STRESS PATTERN

The way parts of a
word or sentence are
stressed or unstressed.
Stressed parts are
emphasized by
increasing the relative
pitch, loudness, and
duration.

RHYTHM

The structured
organization of speech
parts over time, like the
beat of a song. Speech
usually has a rhythm
that you can tap along
to.

INTONATION

The way pitch varies
over time, like the
melody of a song.
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During their first year at Hogwarts, Harry Potter and his friends learn the
levitation charm “Wingardium Leviosa”“. While practicing, Harry's best
friend, Ron, has a hard time making the feather on his desk obey his
command and lift into the air. Hermione knows exactly why: “You're
saying it wrong. It's Levi-o-sa, not Levio-sa”. “You do it, then, if you're
so clever. Go on, go on!”, replies Ron. With a swish and a flick of
her wand, Hermione speaks the charm "Win-gar-dium Levi-o-sa!” and
her feather slowly rises from her desk. It turns out that the levitation
charm only works if you say the magic words properly. In other
words, what you say matters, but how you say it also makes a big
difference. Hermione actually uses speech prosody to convince her
feather to levitate.

WHAT IS SPEECH PROSODY?

Speech prosody is often described as the musical quality of speech [1].
If you think of vowels and consonants as the sounds of language that
make up what you say, then prosody is related to how you say these
sounds. When Hermione corrects Ron’s pronunciation, she does not
correct any vowels or consonants. In fact, the vowels and consonants
in “Levi-o-sa” and “Levio-sa” are the same. What Hermione corrects
instead is the stress pattern. Ron mistakenly places emphasis on “sa”
in “Leviosa” when he is supposed to place it on “o". Without the correct
stress pattern, the words “Wingardium Leviosa” no longer have the
intended meaning and the levitation charm does not work. Now, you
might think: “great example, but the Harry Potter stories are fictional,
and | could never make an object fly". This may be true, but speech
prosody works just as well in our Muggle (non-magic) world. Have
you ever thought about how “object” can be pronounced in two ways?
When we mentioned “object” a few sentences ago, we meant the noun
that refers to a thing that can be seen and touched. In this context,
you would pronounce “object” with stress on the first part of the
word, like “ob-ject”. But if you were to stress the second part, instead,
it takes on a new meaning. The verb “ob-ject” describes someone
expressing disagreement. Think of how Hermione ob-jects to Ron's
pronunciation of the levitation charm. So, by simply changing the
stress pattern, the word changes from a noun to a verb. Now that really
is magic!

Speech prosody is more than just changing stress patterns though.
When you speak, everything you do with your voice that is not
directly related to pronouncing vowels and consonants is prosodic.
Think of the rhythm and intonation of speech. Prosody makes
speech sound less monotonous and boring. It can also change the
meaning of speech—the meaning of a whole sentence can change
by emphasizing different words! You can also make serious sentences
sound sarcastic, or make happy stories sound sad, when you change
the tone of your voice. Or you can turn statements into questions by
changing the prosodic pattern. Try saying this sentence aloud: “See
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Figure 1

The different
pronunciations of
“Wingardium Leviosa”
visualized in two ways.
The speech waveform
(top) shows the
loudness of the
recorded speech over
time and the
spectrogram (bottom)
shows the loudness at
different frequencies
over time. In the
spectrogram, the blue
lines show the voice
frequency, related to
the perceived pitch,
and the yellow lines
show the intensity,
related to the perceived
loudness. You can see
in (A) that “o" is higher
(blue) and louder
(yellow) than the other
parts of “Levi-o-sa” and
in (B) that “sa” is higher
(blue) and louder
(yellow) than the other
parts of “Levio-sa“.

PITCH

How high or low
speech is. What we
hear as pitch can be
measured as the
frequency of a
voice—when the
frequency goes up, the
perceived pitch goes
up.

LOUDNESS

How loud or soft
speech is. What we
hear as loudness can
be measured as the
intensity of a
voice—when the
intensity goes up, the
perceived loudness
goes up.

DURATION

How long or short
speech is. The duration
of speech is measured
over time.
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you tomorrow!”. Now say the sentence again, but this time turn it into
a question: “See you tomorrow?” Notice how your voice goes up in
pitch at the end of the sentence? This is speech prosody!

HOW DO WE USE AND UNDERSTAND PROSODY?

When we speak, we can (and do!) vary how high or low, how loud
or soft, and how fast or slow our speech is. This variation in pitch,
loudness, and duration is what creates the prosodic patterns of
speech [1]. Everyone uses prosody when they speak. Even Ron uses
prosody when he says “Levio-sa” by pronouncing “sa” slightly higher,
louder, and longer than the other parts of the word. Compare this to
when Hermione says “Levi-o0-sa“. She pronounces “0" higher, louder,
and longer than the other parts of the word (Figure 1). Whatever the
prosodic pattern may be, it is always described in terms of the relative
increase or decrease in pitch, loudness, and duration.

When we listen to speech, we can usually hear the variation in
pitch, loudness, and duration that a speaker produces. These prosodic
patterns help us understand what was said [2]. Over time, we learn
to recognize commonly used prosodic patterns and attach meaning
to them. For example, when you were very young, you learned that
someone is asking a question if their voice rises in pitch at the end of
the sentence. But you may not always be aware of such connections.
As a Muggle, you might never have realized how important the correct
stress pattern is in “Levi-o-sa“, since these magic words have no
function in the Muggle world. Ron, on the other hand, must learn the
correct stress pattern if he wants to make objects fly. As a wizard, he
has to make the connection between the stress pattern “Levi-o-sa”
and its function: producing a proper levitation charm.
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COCHLEAR
IMPLANT

An electronic device
that can bring back
hearing for deaf
individuals. It uses
electrodes to send
sound-like electrical
signals to the auditory
nerve directly.
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HOW DOES OUR NATIVE LANGUAGE INFLUENCE
PROSODY?

When Harry, Ron, and Hermione are in their fourth year, students
from Durmstrang and Beauxbatons visit Hogwarts to compete in the
Triwizard Tournament. These international students speak English, but
English is not their native language. Now, imagine that Hermione
wants to teach one of these international students the levitation
charm. You might think that the difference between “Levi-o-sa” and
‘Levio-sa” would be obvious to everyone, but in fact, people who
speak another language might not be able to tell the difference as
easily as you or Ron can. This is because not all languages use the
same prosodic patterns. Have you, for instance, ever noticed how
English or German sound very different from French or ltalian? We
have seen that, in English, a word can change meaning if you change
the stress pattern (like in “ob-ject” and “ob-ject’), but in some other
languages, stress patterns are always fixed. In French, for instance,
stress is always on the final part of a word. So, Fleur, a student from
the French wizarding school Beauxbatons, will probably say “Levio-sa”“,
just like Ron does. But the question is: would Fleur realize that the
correct pronunciation has a different stress pattern? Listeners tend to
stick to what they know, and their native languages may influence how
they perceive speech in another language. If Fleur listens to Hermione
teaching her the spell, she might be able to hear that “Levi-o-sa”
is different from “Levio-sa“, but she will probably not realize how
important the stress contrast is for the meaning of the word because
stress contrasts do not exist in French. So, she may not recognize the
stress contrast for what it is [3]. But do not worry, she can still learn to
recognize it and if anyone can teach her, it is Hermione!

HOW DOES OUR HEARING ABILITY INFLUENCE PROSODY
PERCEPTION?

Good hearing is important for understanding prosody. After all, it
would be hard to link prosodic patterns to their function if you could
not hear the patterns in the first place. This is the case for listeners
who hear very little or are completely deaf. Fortunately, a device called
a cochlear implant (Figure 2) can bring back some hearing for these
listeners. A surgeon implants a wire with tiny electrodes into part of
the inner ear called the cochlea. This is the place where healthy ears
transform soundwaves into electrical signals that are then sent to the
brain via the auditory nerve. For listeners with cochlear implants, the
transformation of soundwaves into electrical signals happens via the
device and the electrodes send these signals to the auditory nerve
directly. Listening with a cochlear implant is sometimes called electric
hearing. In a sense, it is magical that this device can bring back some
hearing, but electric hearing is far from perfect. Listeners with cochlear
implants have difficulty hearing pitch differences [4]. If Ron had a
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Figure 2

Ear with a cochlear
implant. The wire with
electrodes is implanted
in the spiral-shaped
cochlea, which is the
blue part that looks like
a snail. The electrodes
of the cochlear implant
send sound-like
electrical signals

directly to the auditory
nerve. The yellow lines
attached to the cochlea
are part of the auditory
nerve. The auditory
nerve carries the
electrical signals to the
brain (Image credit:
https://media.healthdirect
.org.au/images/inline/
original/cochlear-implant
-illustration-445004.jpg).
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cochlear implant, it would have been very hard for him to hear that
Hermione pronounces “0" slightly higher in pitch than the other parts
of the word “Levi-o-sa“. However, he would still be able to hear it as
louder and longer, so there is a chance he would be able to learn the
correct stress pattern with practice. In time, he would probably still be
able to make sense of the prosodic pattern based on what he could
hear, although this would be much harder work than if his hearing was
not impaired.

WHAT IS THE MAGIC OF SPEECH PROSODY?

The fact that speech prosody can make objects fly is pretty magical.
But do you know what is even more magical? That you now know
how important speech prosody is! It is like you have been waiting
for a Hogwarts letter announcing you are off to Wizarding school so
you can finally learn all about the magical powers of speech prosody.
Well, here it is. Your letter has arrived. So, what are you waiting for?
Get ready to go out into the Muggle world and use your speech
prosody magic!
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YOUNG REVIEWERS

ANNA, AGE: 12

Hi, my name is Anna. | am 12 years old and | am going to start the 8th grade. My
favorite subjects are science, English literature, and art. My hobbies are reading,
watching TV, writing letters to friends and family, and cooking. When | grow up |
want to be an engineer and later work in fashion and get a degree in neuroscience.
I am a productive person but | need to be interested in the thing | do or else | do not
put a lot of effort.

TORBEN, AGE: 13

Torben is motivated, talented, and intelligent. In school, he likes science, math,
history, and geography. He loves to read books and is learning Spanish, French, and
German. He plays piano and sings in several choirs and has won several local and
national music awards. He has a special interest in neuroscience-related topics. His
English teacher selected him to report on the COVID-19 crisis. To do so, he wrote
a Spotify segment and interviewed his teachers about how the pandemic impacted
teaching and learning. He enjoys biking, soccer, hiking, swimming, horseback riding,
and other activities that he carries out with his boyscout troop.

AUTHORS

MARITA K. EVERHARDT

| am a Ph.D. student at the University of Groningen/University Medical Center
Groningen and | love studying sounds. | am fascinated by what we can do with
our voices and by how we can make sense of what we hear. In my Ph.D. project,
| investigate how adolescents perceive speech prosody in a non-native language
with simulated electric hearing. In my free time, | also like to surround myself with
sounds: | love music and go to concerts/festivals a lot. | also enjoy playing card/board
games, reading books (including Harry Potter!), baking cookies/cakes, doing yoga,
and traveling. * m.k.everhardt@rug.nl

ANASTASIOS SARAMPALIS

I am very happy: | get to spend most of my time figuring out how the world works
and helping others do the same thing. In other words, | work at the University of
Groningen, in the very North of The Netherlands, where | try to understand how the
human auditory system works and teach many brilliant young people how to get to
grips with knowledge. What | am mostly curious about is how people understand
speech, especially in situations that are not perfect, and how mechanisms in the
brain and the hearing system work together.

MATT COLER

I am an associate professor and director of the master’'s program in voice technology
at the University of Groningen Campus Fryslan. My research began with fieldwork
on indigenous languages spoken in remote Peru. These days, | work on voice
synthesis, speech recognition, and acoustic perception, recognition, and sensation!
| am interested not only in language and music, but in the intersection between the
two. | am very curious about the relationships between signal and meaning: What
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part of an auditory signal is a cue to meaning? How can we explain how the “same”
signal can have different meanings? What are the differences between hearing and
listening?

DENIZ BASKENT

| am a professor at the University Medical Center Groningen, a hospital, yet | am
an engineer. With this combination, | love studying all aspects of hearing ears,
hearing brains, hearing problems, and hearing devices. Working in a multidisciplinary
team where everyone has a different background, | love challenging my team
members and being challenged by them—which is just what happened when we
were writing this paper. Only such discussions will lead to great scientific knowledge
and products—which is also just what happened with this paper.

WANDER LOWIE

| am a professor at the University of Groningen, and | am fascinated by how
people learn another language on top of a language they already know. Some
of the questions we try to answer in our research include: how does our first
language influence second language learning, why are some people better at
learning additional languages than others, and what are the best conditions for
language learning to take place? Studying how people manage to learn a second
language under difficult circumstances, like when people have hearing problems,
helps us to understand the process of language learning.
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