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ABSTRACT

Warning signals are often very simple and monoteoends.
This paper focuses on taking a more musical appraéacthe
design of warnings and alarms than has been tleicdbe past.
We present an experimental pilot study in whichexplore the
possibilities of using short musical pieces as weysignals in a
vehicle cab. In the study, 18 experienced drivepegenced five
different driving scenarios with different levels wgency. Each
scenario was presented together with an auditoon,ica
traditional abstract warning sound, and a musiaiwmg sound
designed in collaboration with a composer. Théwes carried
out in an “audio-only” environment. Drivers werequéred to
rate the perceived urgency, annoyance and apptepess for
every sound. They also had a chance to talk frablyut the
different warning signals. The results indicatesiastingly that
drivers may be able to understand the intended imgaof
musical warning signals. It seems like the musiearning
signals may prove useful primarily in situations lofv and
medium levels of urgency.

[Keywords: Warning signals, Music, Semantics.]

1. INTRODUCTION

Studies on abstract warning sounds and earcons diaga us
some understanding of the potential of using muisioands in
auditory interfaces. So far research has been ifogysimary on
issues such as making these sounds recognisableasydto
recall. Not much research has been focusing ongry® make
them more pleasant and accepted by users. Devefpofe
music software has been remarkable rapid duringldke 3-4
years, enabling composers with limited resourcescteate
expressive and highly-realistic music using comgutén our
work, we are examining how musical sounds can bthdu
developed as warnings and alarms. This paper fecuseaking
a more musical approach to the design of warnimgs aarms
than has been the case in the past.

2. NON-SPEECH BASED MUSICAL SOUNDS

Non-speech based sounds have an advantage oveh sSpdhat
they are language independent and have the pdtentihe

understood more efficiently and more rapidly. Tadénere are
several types of non-speech candidates that camskd as
warnings and alerts (attention grabbing audio d$&nan

vehicles.

Abstract warning signals, a frequently used typsaind, have
been the subject for several previous studies 3,2t is

suggested that these sounds are capable of cogvdifferent

levels of urgency by modulation of various acoupictameters;
such afundamental frequency, speed and pitch range EHly

studies on perceived urgency have resulted in gégeidelines
about how warning signals should be designed armpethonto
urgent situations, a principle known as urgency pitag

Earcons are another type of synthetic, abstrachdsdor use in
interfaces. Earcons make use of many possibilitiésred by
musical signals, to form unique sounds. By manijoma of

different parameters, such as timbre, register ahghm,

hierarchical earcons with specific meanings cawreated [4,5].
The effectiveness of earcons relies on the fadt pgeaple learn
the structure of the sounds in which the infornmai®contained.

3. DESIGNING PLEASURABLE SOUNDS

An issue for auditory interfaces in general is htwdesign
sounds that are not annoying. Unpleasant warniggats are
suggested to be one of the common-most reasonsisdrg want
to turn off warning systems [6]. Wiese et al. [Aamined
warning signals specifically for in-vehicle infortien systems
and suggested that annoyance can have a direct effethe
workload. It should be noted that annoyance isnoétalesirable
quality in very urgent situations. However, in mareeryday
situations, it's important that the driver is aldekeep focus on
the road without getting distracted more than isoaltely
necessary.

The majority of research carried out into annoyaacd sound
has focused on the physical characteristics ofsthend, which
are considered to be annoying. Edworthy et al.fid Heiller et
al. [2] considered how basic acoustic parametersafnds
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contribute to their perceived urgency, which migbtseen as a
correlate to their potential to distract and annéyn alert
designed to be less urgent is also likely to begieed as less
annoying. However, abstract warning signals aresnoftery
simple and monotone sounds. In general they souenwy v
mechanic and unmusical. The alerts are often nsigded with
other warning signals in mind. In many cases, olest ga
monotonous beep) may sound pretty the same asasetber
alerts. In our research we are interested in hencan change

this view on warning signals by making them more expressive

and musical. The many ways in which music can salifierent
can be utilized to design more distinguishable ewbgnizable
warning signals. But the emotional and estheticsieats of
music are also interesting for future developménniitive and
pleasant warning signals.

4. THE LANGUAGE OF MUSIC

Ever since sound has been used to communicatariafmm in

human-machine interfaces, a number of authors hddeessed
the matter of using music [8, 9, 10], and yet, \&@eehonly begun
to explore the potential of musical signals for useauditory

interfaces. Abstract warning signals and earcons loth

examples of well tested musical sounds. Previousliet on
these sounds can provide powerful guides in howdesign

functional warning signals. But music is a rich coumication

medium, and there is still much to find out aboatvhto make
use of musical expression and meaning. Gaver [Lfijhed that
auditory interfaces had so far utilized only a tedi amount of
the inherent potential in music. Since then, onfinde amount
of work has been carried out to investigate neveetspof music
in auditory interfaces. Bresin et al. [11] point@at how ringing

tones, alert sounds in computer programs, and iusigos can
acquire pleasantness and reality by applying pedoce rules.
Leplatre et al. [8] investigated in a study how ralksemantics
can be exploited to create large hierarchies ohdsudor use in
areas such as telephone based interfaces.

Perhaps it is not surprising that the more expvesaspects of
music have had such a reserved role in researchuditory

interfaces so far. Music is a very complex sigmal axactly how

music is perceived and can affect us has never been

straightforward issue. This is however not an isdoe
composers, who happily exploit the potential of imue create
moods and atmospheres without needing to pointexattly
how they do it.

4.1. Music and emotion

Music is sometimes referred to as the languagenudtiens.

Exactly which emotions music can express and indirce
listeners is currently an ongoing discussion wittlie area of
music psychology. However, the most common belefthat

music can be used to express a humber of basicd@mofor

instance, we are most likely to recognise musibasy, sad or
fearful [12]. Gabrielsson [13] suggested that musisearchers
should distinguish between the emotions that imdials

perceive in music and the emotions they feel ordrpce as a
result of engaging in music.

4.2. Musictorepresent physical objects and states

Sometimes music is designed to represent the sofisdecific
events and objects. This can be done in severa.way

Firstly, by direct imitation of something which @ngsound of
definite pitch, such as a human scream.

A second way is by approximate imitation of a sosadrce with
indefinite pitch, such as a thunderstorm.

A third way is by suggestion or symbolization gbarely visual
thing. In this case the composer is trying to usends which
have an effect on the ear which is similar to thdiich the
appearance of an object has on the eye [14]. Ia wdmy,
unstructured tones can give the listener the ingjoasthat
something is not as it should be. An unexpectedteire the
music can be used to represent unusual eventsdeal further
attention. Rapid repetition of one note or a rapitérnation
between two or more notes (tremolo) can produceresettled
effect and represent something deemed to be insecur

4.3. Music and basic acoustic parameters

Since music is a kind of sound, it is reasonablédbeve that
basic acoustical parameters used to convey urgenearning
signals have a similar effect in music. Tempo (dpeludness
and segments of dissonance are all parameters stadgé
change the perceived urgency in warning signales&hvalues
are often used in music to express anger and flowever, what
music expresses seems to depend on the relatiobetvigen the
musical parameters, rather then by individual patars. For
instance, minor key is often used to express sadimesusic.
But in combination with a fast tempo the perceiveeaning of
the piece can change drastically.

4.4. Musicin film and computer games

Music is used to create atmospheres and enhanegi@xpes in
various areas such as film and computer games. fihsc

continuously adds complementary information to tisual

channel along with sound effects and dialog anaftisn tied to
objects and events in effective ways. One chaniatiteexample
is the main title from John Williams soundtrackite film Jaws.
Here, acoustical properties reflect different cfiesdi of the shark,
such as size (register) and movement (tempo). Dine is used
to a great extend, an instrument traditionally esdged with

hunting. As the shark approaches, the tempo anihtéesity of
the music increases. Even though the shark is hiddeler the
surface and can't be seen, the perceived urgentlyeodituation
increases.

5. THE EXPERIMENT

In areas such as movies and computer games listener

consciously or unconsciously, accept music as aiumedor
communication. However, it is still uncertain whethwe are
ready to understand and accept music for this merpgo an
environment such as a vehicle cab. To exploreisisise further
we performed an experimental pilot study. The itienwith this
study was not to investigate exactly how musicalapeters
correlate to perceived properties of musical souBds rather to
increase our understanding of how musical warniggaés are

ICAD-431



Proceedings of the nternational Conference on Auditory Display, M, Canada, June 26-29, 2007

perceived by drivers in general, and to point cateptial future
research topics and applications. Our aim wasni dinswers to
four questions:

Is it likely that a driver will recognize music &s sign for

something that is dangerous / important for theweseland
others?

Is it likely that musical signals are capable ofiweying different
levels of urgency in the driver's unique environit®en

Is it likely that a driver will find musical soundsinoying?

And finally, how appropriate do drivers consider sical

warning signals to be?

If a sound is going to be a successful warningaigh must be
able to convey a feeling of danger and/or impomaimc some
way. But warning signals and alerts can be impleedrin a
vehicle to serve a variety of functions, some ehthwill be more
important / urgent than others. If musical warngignals are to
be used in a vehicle cab to any great extent, ingst be able to
convey different levels of urgency. It is also wipiortance to find
out whether drivers will find musical signals animgy Even

though the musical sounds that were used in thidysare only
examples of how musical warning signals can begdesi, our
hope was to get some indication of whether drifard more

musical warnings to be annoying in general. Theritibn of our
last question was to obtain some indication of wkiad of

auditory signals experienced drivers prefer anceeipo hear in
different kinds of situations.

To get some insight into how musical warning signatand
against other potential types of warning signatsditional

simple abstract warning signals and auditory iowaee included
in the test.

5.1. Situation urgency evaluation

To begin with, a situation urgency evaluation wagied out to
collect experienced drivers judgement on a rangedrofing

scenarios. 13 experienced car drivers, 8 males5afemales,
took part in the evaluation. Their age ranged betw25 and 55,
with an average of 37.7. To count as an experiencier the
subject was required to have at least 5 yearsighdrexperience
and drive more then 10000 km every year.

16 driving scenarios were selected for evaluatibime drivers
were required to rate the situations using raticgles ranging
from “not at all urgent” to “very urgent”. Five sitions, which
differed consistent in their judged urgency, westected for the
main experimental study: two low-urgency scena@zen door
and low air pressure in a tyre), two medium-urgescgnarios
(children in the road environment and slippery jpahd one
high urgency scenario (head-on colligion

5.2. Participants

18 experienced car drivers, 11 men and 7 femaseticipated in
the main study. They ranged in age from 24 to 5Bh \&n
average age of 31.8. All subjects in the main stiidg normal
hearing and 7 had a musical background.

5.3. Stimuli

The abstract warning signals were pulses of syiatlseund that
were not thought to convey any type of meaningrieeds. Each

abstract sound consisted of four or more pulses idistinct
pattern. The sounds were designed to convey diffdevels of
urgency with inspiration from previous studies oergeived
urgency carried out by Edworthy et al. [1]. Theddeas to make
them sound like characteristic examples of abstwatning
signals and alerts commonly used in vehicles. Sthestriptions
of the abstract warning signals are presentedie th

Quite a lot of effort was put into designing audjticons with
clear and direct connections to the driving sc&sarA number
of sounds were created and their comprehensibhilag judged
by a panel of three people. On the basis of pasdifack the
sounds were changed and tested on the panel onge adter
that, five sounds were selected to be used in tindysFour of
them had an iconic relation to the driving scena@ne of the
sounds (slippery road) was metaphorically mappetb dhe
scenario. The auditory icons are presented in able

The musical sounds were designed in collaboratidth &
composer. To convey urgency these sounds used ahusic
structures typically used to express fear, anger amxiety in
music such as tremolo, thrill, unexpected eventsd a
unstructured tones and rhythms. The sounds weggetteising
high quality orchestral samples from the Vienna @lyamic
Library sample archive. A large number of shortcpie with
different musical styles were created and evaludtgdthe
composer and the experimenter. Finally, five piegee selected
for the test. The musical warning signals are preskin table 3.
The abstract warnings, musical sounds and auditorys were
not exactly equal in length but ranged between @ &seconds.
All sounds were normalized using normalization wafe.

Scenario Description
Low fundamental frequency (262 Hz).
Door open Speed change — slowing down (115 — 3

BPM).

Low air pressure| Low fundamental frequency (262 Hz).
in a tire Slow speed (60 BPM).

Medium fundamental frequency (391 Hz).
Three rapid pulses repeated three times

Slippery road

Children in the | Medium fundamental frequency (391 Hz).
road environmentMOderate Speed (120 BPM)

Head-on
collision

Cluster of dissonant frequencies (150-1200
Hz). Fast speed (210 BPM).

Table 1:Description of the abstract warning signals
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Scenario Sound Mapping
A car door opening
Door open and making a Iconic
creaking sound
. Bursts of compressed
Low air pressure A .
air hissing out from a | Iconic

In atre tube

Sponge rubbed
against a wet surface

Slippery road Metaphorical

Children in the Children playing in

. Iconic
road environment | playground
. Car horn getting close| .
Head-on collision 9 9 Iconic
and closer.

Table 2:Description of auditory icons

5.4. Procedure

The experiment was conducted using a within-groapigh in
which all 18 drivers listened to all three typesofind. The idea
was to isolate the effect of the sound as muchoasiple. For
this reason, the tests were carried out in an taodiy”
environment without any visual components. (We amare of
that visual input can have a considerable impacthow the
situation is judged in a real-life condition.) Tlseunds were
presented using a pair of Sennheiser HD 570 headdshdhe
subjects experienced the warning sounds in a tieaksund
environment representing the environment of a cuerior.
Every time an alarm was triggered the drivers wegired to
rate the perceived urgency of the situation and pgéeeceived
annoyance of the sound. The rating was performatusting
scales ranging from “not at all urgent” to “verygent” and “not
at all annoying” to “very annoying”.

After the judgements, the meaning of the sounds neaealed
and the drivers were given a chance to listen éosthunds again.
They were then required to rank the sounds fronoh-ghe basis
of how appropriate they felt the sounds were asiimgrsignals
for the particular situations. At this point, thevers also had a
chance to talk freely about the different soundisc&the

efficiency in using auditory icons as warning signdepends
strongly on the listeners’ ability to make the resagy
association, it was of special interest to know thbe the
meaning of auditory icons were recognized. All caenis made
by the drivers were noted by the experimenter.

5.5. Results

Figure 1 shows average perceived urgency scoresntmical
sounds, auditory icons and abstract sounds. Thécatisounds
were able to convey urgency, and they were alsdras more
urgent as scenarios became more urgent. Doublked taiired
Student’s t-tests were performed to examine whethene were
significant differences in perceived urgency fdfatent sounds.
Significant differences (P<0.05) were found for theusical
sounds representing open dodogr) and low air pressure in a
tyre (yre), door andslippery road tyre and children in the road
environment ¢hildren), tyre and children No significant
difference was found between the musical soundeesepting
children and head on collisioncéllision). Perceived urgency
averages ranged from 9.9 to 69.3 for musical saunds

For the abstract warning signals highly significalifferences
(P<0.01) were found for the sounds representitogr and
slippery road tyre and slippery road slippery road and
collision, children and collision. Perceived urgency averages
ranged from 41.6 to 91.6. A highly significant difénce
(P<0.01) was found between the musical and theadtstound
representingollision.

For auditory icons significant differences (P<0.@&re found
for the sounds representingre and children, children and
collision. Slippery road was scored lower than expectedhby t
drivers. Perceived urgency averages ranged fro®1tb074.8 for
auditory icons.

Standard deviations were calculated to examineergiffces in
spread around the means between different souneés.typ
However, no considerable difference was found betvwabstract
sounds, musical sounds or auditory icons. Thigcatds that the
drivers had no more difficulty in judging the mudisounds than
the abstract sound#bstract warnings were in average rated as
being more urgent than musical sounds and auditons for all
scenarios.

w

Slippery road

Scenario Instruments Description
Door open Viola, violin, | String ensemble is playing a sustained cord (G)sw&h additional thrills. Harp is playing the
P cello same chord in an arpeggio.
Low air Strin The cello is playing a sustained low pitched tdg@2)(with the viola one octavo above playing G
9 with tremolo. Violin is playing a sustained tone&g @wo octaves above the viola). Crescendo in
pressure ensemble, ) ) e .
: . the first half of the piece, diminuendo in secomdf.h
in a tire harp
Zrl]zrécr)],qbsltélng String ensemble and synth pad are playing an arlsiestained cord (Db bass with addelf b9

timpani, synth
pad.

and +11" note). Piano is playing a rhythmically unstructupattern, high register arpeggio figur
Piece ending with a timpani and piano cord accent.

W

G

Children in the| Timpani, Marimba and mid strings are playing a six note mhgloepeated 2 times. Timpani play
road String quartet, | rhythmic accents. The piece ends with a high piteldium dissonant cord. It is based on a Low
environment | marimba bass and strings playind'#ntervals
Head-on . High pitch dissonant tones. Aggressive and pereassticulation. (Ascending major second
L String quartet | . .
collision intervals with a low G bass note)

Table 3:Description of the musical sounds
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Figure 2 shows the perceived annoyance ratingsaliothree
types of sounds. Abstract warnings, auditory icand musical
sounds were all scored less pleasant as scena@asnl more
urgent. Highly significant differences (P<0.01)garceived were
found for the musical sounds representingision and all other
musical sounds, and betwedoor and all other musical sounds.
The musical sounds were in average rated as lexyiag than
the abstract warning signals in all scenarios. Boéther there
seems to exist any general difference between whe sbund
types was not statistically tested. The abstraahde were also
consistently rated as more urgent than the musianing
signals, which may have an impact on perceived yame.
Figure 3 shows the appropriate ratings for alléhseund types.
The musical sounds were rated to be less appre@sascenarios
became more urgent. No such trend was found forabstract
warning signals or auditory icons. The auditorynicepresenting
children in the road environment was found to be thost
appropriate sound for that scenario. The auditargni for

slippery roadwas found to be least appropriate sound for that

particular scenario. The abstract warning sound nated to be
very appropriate in the most urgent scenario, wdretlke musical
signal was rated to be the least appropriate sdondthat
scenario.

‘ —e— Abstract —=— Auditory icon Music‘

100

90 2

80

70 A »

Door Tyre Slippery road Children Collision

Scenario

Figure 1.Mean scores for perceived urgency

‘ —e— Abstract —=— Auditory icon Music ‘

100

90

80

70 4

60

—
: —

30

Score

\

\

20 4

10 4

Door Tyre Slippery road Children Collision

Scenario

Figure 2.Mean scores for perceived annoyance
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Door Tyre Slippery road Children Collision
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Figure 3.Mean scores for appropriateness

6. DISCUSSION

The result of this study indicates that the driverere able to
understand the intended meaning of the musical d®uihe
musical sounds that were thought to convey a hidgénzl of
urgency were on average rated as more urgent, hay t
successfully conveyed low and medium levels of nmege The
musical sounds however did not succeed very wetbimveying
a very high degree of urgency. When the driversdatiance to
talk freely about the sounds, they sometimes meaticdhat the
musical sounds simply did not sound dangerous dmoug
particularly in the more urgent situations. A caupf them said
“it sounds like in a movie The drivers also rated the musical
sounds to be less appropriate as the situationanteanore
urgent. The abstract warning signal was rated asajpropriate
in the most urgent situation. Several of the devsaid: this
situation calls for something that sounds alarmisgmething
that will wake me up

The musical sounds were in general not perceigquhdicularly
annoying. An exception was the sound represetitiadhiead-on
collision scenario. However, this sound was alsoahly musical
sound that reminded noticeable of a traditionaknalaound.
When designing the musical sounds we realizeditlveds quite
difficult to design high urgency musical sounds ehgusing the
music-specific parameters. These sounds unintealtjotended
to sound similar to usual abstract warning signals.

The auditory icons performed pretty much as predicin
perceived urgency and they were not rated as péatlg
annoying. They were also considered to be fairlprapriate
warning signals. The auditory icon representinddean in the
road environment was the easiest one to understecatding to
the drivers. This sound was also rated as the m@yostopriate
sound for that particular scenario.

However, in some cases the drivers completely teigineted the
meaning of the auditory icons. For instance, oneedrthought
the sound representing low air pressure in a tae supposed to
represent a hissing sound from a heavy truck. Gpresgly, this
driver rated the situation as very urgent. Thenslorepresenting
slippery road was the most difficult auditory icomunderstand
according to the drivers and the sound caused aidenable
amount of confusion. The differences in perceivedency
ratings between different drivers were higher fuis tparticular
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sound than for any other sound used in the expeatinihis

verifies the importance of using very comprehemsiland

“direct” auditory icons, especially in rare situats.

Auditory icons are suggested to have the poteritaktause
inappropriate user actions [15]. A discussed metiooohcrease
the redundancy of auditory icons would be to malaifguvarious

acoustic parameters of the sound to make them songeaht [15,

16]. Another, alternative way to reduce the riskuoexpected
user actions would perhaps be to present auditopnsi

concurrently with musical sounds. Whereas the auglitcon

gives the driver associational information (whasithat we hear)
the musical sound carries complementary informatadoout

urgency level (how important it is). The musicagrel could

further be used to help drivers distinguish warnimgssages
from each other. Like musical parameters are usednake

earcons distinguishable, timbres and melodies aarused to
build families of warning sounds, and make warrsognds part
of more overall theme.

The abstract warning signals successfully convegedium and

high levels of urgency. The perceived urgency andogance

seems to follow the same pattern. Drivers condlisteated them

as appropriate warning signals. This was howevéesuiprising,

since drivers are probably used to hear this kihdauwditory

warning signals in various environments and costekt the

‘children in the road’ environment scenario, thesial sound

conveyed an equal level of urgency as did the attstvarning

signal. The musical sound was rated to be conditiedass

annoying. Still, drivers rated the abstract warniag more

appropriate. This phenomenon may be an indicatibat t
traditional warning signals may have a particulagdtrong

position. The fact that these “alarming” sounds atengly

associated with danger among drivers is worth scomsidering

when designing alarms, even though the suitabilitg warning

signal depends on many different factors such astion time,

accuracy and perceived annoyance.

7. CONCLUSION AND FUTURE WORK

In this paper we presented an experimental pilodystin which
we explored the potential of using expressive nalsounds as
warnings and alerts for in-vehicle use. The rasitidicate
interestingly that drivers may be able to undedtdre intended
meaning of the musical warning signals. It seekestlie musical
sounds may prove useful primarily in situations lov and
medium levels of urgency. Traditional abstract viega may
however still be preferable in very urgent situasio Auditory
icons may be the best alternative in situations revhe
comprehensible and familiar sounds can be used.

Future research can take several directions. It ldvoloe
preferable to verify our theories from this study & more
extensive investigation. This study would include laager
number of musical warning signals. Accept from uge
annoyance and appropriateness, it would also leesting to
investigate how musical warning signals perform mvitecomes
to reaction times and accuracy. It should be pdimtet that the
musical sounds used in this study are examplewf rhusical
warning signals can be designed. Further researcteéded to
determine more exactly how these sounds shoulabigrkd.

An alternative future application for musical soucan be to
present them concurrently with auditory icons oviemmental

sounds. This may be an interesting way to make tewydi
warnings more redundant and decrease the risk expatted
user actions.
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