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As humans, we learn from what we perceive with our senses in
our daily lives. Computers can have similar learning capabilities,
allowing them to learn from what they “see” and “hear” and to
use the knowledge they learn to solve future tasks. This ability is
called arti�cial intelligence (AI). Devices equipped with AI, such as
smartphones, smartwatches, or smart speakers, have now become
our everyday companions. Among other things, they can listen to us
and answer our questions. This type of technology is also playing a
growing role in medicine. In this article, we explain how a computer
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can �gure out whether the sound of a person's voice or the way
they speak indicates a certain disease. We demonstrate this using
the example of detecting COVID-19, and discuss both problems and
opportunities that arise when using AI for diagnosis.

COMPUTER AUDITION

Have you ever heard your parent say, “Oh dear, this cough does n ot
sound right!” when you have a cough and sore throat, for instance?
Or maybe your parent realized you had a cold after just a short
conversation? What this fascinating ability tells us is that your h ealth
condition is audible from the sound of your cough or your voice.

In the last few years, we have started to talk not only with humans
but also with computers, such as smartphones, smartwatches, and
smart speakers. We ask them, for example, to turn on the light or to
give us information about the weather. Smart devices can hear and
understand what we say, so, in the future, might they also be able to
detect when we are ill, similar to or even better than the human ear can
do? Could they potentially even detect the kind of disease a person
has?

To do this, computers need the capability to learn and to use the
learnt knowledge to solve future tasks. This capability is called arti�cial
intelligence (AI). Using AI for sound data is called computer audition

ARTIFICIAL
INTELLIGENCE

Technology that gives
computers the
capability to solve tasks
which were previously
expected to be only
solvable by humans.

COMPUTER
AUDITION

The use of arti�cial
intelligence to listen to
and understand
sounds.

(CA).

For computers to learn, they usually require both example data and the
information they should learn from the data—in our case, whether a
disease is present (Figure 1). As humans, we learn similarly. We have
heard the voices of healthy and ill people many times, so we have
learnt how healthy and ill voices sound with regard to speci�c voi ce
characteristics, such as roughness.

Doctors have used auditory information for many years to diagnoseAUDITORY

Detectable by the
sense of hearing.

diseases. A well-known example is using a stethoscope—a metal dis c
with tubes connected to earpieces—to listen to lung and heart sounds.
You might wonder why we even need the help of a computer. AI has
several advantages over humans, which could make CA an important
aid for diagnosis . Doctors see and hear only a limited number of

DIAGNOSIS

A doctor's decision
about which disease a
person has, based on
the reported symptoms
and a medical
examination.

patients with any speci�c disease during their professional live s. In
contrast, a computer can learn from a huge amount of example data
within just a few hours and without getting tired. Besides, a computer
can safely store learnt knowledge and will not forget it over time .

In the future, using CA in medicine could reduce the need for medic al
examinations, which can be uncomfortable or even frightening fo r
some patients. Additionally, it would be very convenient for peo ple to
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Figure 1

Figure 1

A computer audition
(CA) system “learns”
from many example
voices, both from
healthy people and
people who are ill, so
that it can later make
decisions about
whether a person is ill
or not. The CA system
recalls voice examples
of healthy and ill
people when it is asked
to assess the voice of a
new person.

just cough three times or speak a few words into their smartphone—or
into any other microphone—from their bed at home, instead of visi ting
a doctor's o�ce. With this data, a CA system could provide a doctor
with the information needed to make a diagnosis.

But how can a computer �nd out whether the sound of a person's
voice or the way they speak (e. g., emotional, slow) indicates a certa in
disease? We will explain this using the example of detecting COVID -19,
one of the most widespread infectious diseases of the last few yea rs,
and discuss some problems and opportunities that arise when usin g
AI for diagnosis.

VOICE RECORDING AND ANALYSIS

How can computers hear the human voice when they do not have
ears? The microphones in our computers and smart devices act l ike
human ears. They capture the human voice as it travels through the
air. The voice recording is then saved on the device in a way that ca n
be analyzed.

Everyone's voice has several characteristics that depend on the size,
shape, and functionality of all body parts involved in the produc tion
of the voice, namely the lungs, throat, mouth, and nose. The unique
combination of these characteristics in each individual is the re ason
why we usually know who is talking to us even if we cannot see the
person, such as on the phone. Based on these characteristics, we ca n
describe and compare the voices of di�erent people. For instan ce, the
voice of a young child likely sounds higher in pitch than the voic e
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of their parent. Characteristics called acoustic features are used toACOUSTIC
FEATURES

Physical characteristics
of sounds, such as
loudness or pitch.

describe the voice in detail. Computers can extract hundreds or ev en
thousands of acoustic features from a voice signal. In the exampl e
above, certain features that describe the pitch of a voice will have
higher values for a young child than for their parent.

Computers can also generate a picture from a voice signal that
combines the information from several acoustic features. This p icture
is called a spectrogram (Figure 2). A spectrogram shows how the

SPECTROGRAM

A spectrogram is a
colorful picture
showing the structure
of a sound over time.

voice sounds at which point in time, for example, in terms of
pitch, roughness, and loudness. The spectrogram even re�ects wh ich
speech sound, such as a, e, or s, is produced at a certain time and
when exactly the speaker pauses. A CA system can use these acoustic
features or spectrograms to learn. The latest systems can even lea rn
directly from the audio recordings.

Figure 2

Figure 2

Spectrograms from (A)
a healthy person and
(B) an ill person show
the loudness
(measured in decibels;
dB) for each frequency
(measured in Hertz; Hz)
present in the voice
over time. Both
spectrograms illustrate
the production of the
vowel a for about 12 s.
The produced vowel is
represented by the light
parallel lines. The more
the lines are
blurred/distorted, or
the more additional
light components exist
in between the parallel
lines, the rougher the
vowel sounds. Can you
see the di�erences?

COVID-19 DETECTION WITH COMPUTER AUDITION

At the end of 2019, COVID-19 quickly spread worldwide, causing
�u-like symptoms such as cough, shortness of breath, sore throat,
headache, and fever. COVID-19 is usually diagnosed with tests tha t
analyze liquids from the nose or throat. However, these tests can be
uncomfortable, need to be bought in a drugstore, and produce waste ,
which is not good for the environment. COVID-19 symptoms can
impact the patients' voice, breath, and cough sounds [ 1]. Therefore,
CA could be a helpful, eco-friendly alternative to existing tests fo r
COVID-19 and similar diseases [2].

Several CA studies have already aimed to detect COVID-19 [ 3]. To
collect learning data for the CA systems, researchers asked parti cipants
with and without COVID-19 to produce various sounds: single vowels
like a, e, or o produced as long as possible, text reading, taking deep
breaths, or coughing into a microphone. The researchers used s everal
CA systems to �gure out which systems and sounds are best suited to
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detect COVID-19. The studies yielded very di�erent results. In some
cases, the CA system correctly identi�ed the COVID-19 status only
in 6 out of 10 people, whereas other studies reported hardly any
mistakes [3].

Although these results are very promising, we need to consider that
some of the studies were based only on recordings of severely ill
COVID-19 patients and healthy people without COVID-19. Therefor e,
more research is needed to build a CA system that is really capable
of detecting whether a patient actually has COVID-19 or instead has
some other illness, instead of simply telling us whether a patient i s ill
or healthy [ 4].

PROTECTING PRIVATE VOICE DATA

So, in the future, CA could become a valuable aid for diagnosing
infectious diseases such as COVID-19 and other conditions that
impact the voice. It could, for example, detect depression by
identifying unusual sadness in a person's voice. Maybe simul taneous
detection of multiple diseases in the same patient, such as COVID-1 9
and depression, will be possible as well, assuming that example data
from people with multiple diseases are available for the CA system to
learn from.

It should be clear to you now that, to build CA systems for disease
detection, we �rst need to collect data. People with and without
a disease of interest will need to provide voice, cough, or breath
samples from which the CA system can learn. Everyone who agrees
to participate in a study must sign a document in which all planned
investigations and the use of the data are explained. This documen t is
called an informed consent form. The human voice is a highly sensitiveINFORMED

CONSENT

First, study participants
need to be informed
about all planned
measurements and the
intended use of their
data. Then, they
formally express their
agreement by signing a
respective document.

type of data, because other people, like family, friends, colle agues,
teachers, and neighbors, can recognize a person from their voi ce.
Since the recording might contain information about a person's health,
feelings, or attitudes, it is very important to handle that data in a s ecure
and responsible way, to protect the privacy of the participants.

CA works best if it not only learns from many recordings in total bu t
also from recordings of people of di�erent ages, genders, la nguages,
professions, and family backgrounds. Imagine there are two type s of
CA systems. System 1 has learnt only from recordings of female ad ults,
whereas System 2 has learnt from a similar total number of recordi ngs,
but the data included recordings of both female and male adults an d
children. If both systems decide whether a 9-year-old boy has a ce rtain
disease, System 2 has a better chance of correctly identifying the
child's health status, as System 1 has never learnt how the voice of
a 9-year-old boy sounds—neither healthy nor ill.
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Even if we provide a CA system with an adequate amount of diverse
data to learn from, its results will not be 100% accurate. Occasiona lly,
the CA system will predict a certain disease despite the person being
healthy or having a di�erent disease, or it will fail to detect a di sease
that is actually present. Thus, doctors should be aware that AI—sim ilar
to all other tools they use for diagnosis—can be wrong. CA should be
used as one of several tools helping them to make a diagnosis. So,
AI will not replace doctors. Instead, the bene�ts of such technolog ies
lie in providing doctors with improved information that can potenti ally
increase the accuracy of their diagnoses, reduce incorrect di agnoses,
help them to diagnose diseases earlier, and reduce inconvenie nt
examinations for patients. Overall, using CA and other forms of AI as
part of the diagnostic “toolbox” could improve patients' care and th eir
health outcomes.
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