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Sammanfattning 
Detta projekt ska resultera i direktiv för framtida utveckling av ljudsignaler och varningsljud i bil. Signalers 
karakteristiska drag undersöks för en djupare förståelse för de parametrar som ger upphov till specifika känslor och 
beteenden. Signaler från Saab 9-5 modifieras för att passa befintliga teorier om design av ljudsignaler. Dessa 
jämförs med originalsignaler samt signaler från Saab 9-3, BMW 3-serie och Audi A6 i en användarstudie. 
Resultaten visar på möjligheten att utveckla mindre irriterande signaler vid lägre ljudnivåer med bibehållen 
allvarsnivå. Resultaten pekar även på att ökad allvarsnivå kan fås med kortare periodtid och signallängd, ökat antal 
repetitioner och frekvenser samt ökad upplevd tonstyrka (på sonskalan). Resultat från SAM-skalan visar att både 
original- samt modifierade signaler tenderar att placera sig enligt teorin (högre aktivering och negativitet för signaler 
på höga allvarsnivåer och vice versa). Studien visade även att utförligare arbete krävs för att stärka Saabs identitet 
när det gäller ljudsignaler och att detaljerade studier om perception och förarbeteende krävs vid framtagning av nya 
signaler. 
 
Nyckelord: Ljudsignaler, Varning, Fordon, Allvarsnivå, Ljudparametrar 
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Abstract 
This project aims to result in guidelines for future development of auditory signals in cars. The characteristics of 
different types of signals are investigated for a greater understanding of what parameters in auditory signals that 
give rise to certain feelings or behaviour. Auditory signals from Saab 9-5 are modified to fit existing theories about 
auditory alerts. These are then compared to their original signals and signals from Saab 9-3, BMW 3-series and Audi 
A6 in a user study. The results show that there is a possibility to design signals with no significant difference in 
urgency that are seen as less annoying at lower sound levels. Urgency seems to depend negatively on sound cadence 
and signal length and positively on number of repetitions and frequencies and also loudness. SAM scale results 
showed that both original and modified signals tend to move according to desired theories (higher activation and 
lower valence for high urgency signals and vice versa). The study also showed that further work needs to be put on 
strengthening Saabs brand identity concerning auditory signals and that detailed studies on driver perception and 
behaviour is needed when developing new signals. 
 
Key words: Auditory Alert, Warnings, Vehicle, Urgency, Sound Parameters 
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1 Introduction 
This project aims to result in guidelines for future development of auditory signals in cars. It is desired to increase 
knowledge about auditory signals considering how they affect occupants and why. For this purpose, the 
characteristics of different types of signals will be investigated for a greater understanding of what parameters in 
auditory signals that give rise to certain feelings or behaviour. 
 
Warning signals aim to warn, call for attention or inform the driver about a certain situation. Edworthy and Stanton 
(1995: 2264) mention that warning signals have two requirements; (1) that the signal is clearly recognizable and (2) 
that it represents the action demanded of the driver for the specific situation. They describe how the view on 
warning signals has shifted over the past years. From having only an alarming function about a specific situation it 
should now also inform and lead the driver towards the needed action required. Obviously, this increases 
requirements put on the signals. 
 
A warning sound can describe an emergency situation demanding immediate action or inform about something that 
needs to be taken care of when possible. It is possible to combine an auditory warning with a visual warning for 
clarification. With many different situations possible, each with a different demand for action and reaction time 
(heading for a collision versus need to change washer fluid), it is important to define level of urgency portraying the 
needed action.  
 
Desired signal properties: 

 The right signal is played at the right time and with the right priority (to avoid colliding signals). This is not 
in the area of sound design but in the area for HMI.   

 The signal is clear and recognizable. 
 The signal is played at the right level, enough to be heard but not disturbingly loud. 
 The signal should not be considered annoying enough to risk being shut down. 
 The signal conveys the right information.  
 When necessary, the signal leads to fast, intuitive and correct action from the driver. 

It is worth mentioning Norman and Rasmussen (in Ulfvengren, 2003: 5) who describe that a satisfactory system for 
pilots in cockpit is when it increases their feeling of ”directness to the system” which in turn increases ”the overall 
system performance”. This can be applied to other systems with interaction between humans and machines such as 
cars. 
 
In this project, auditory signals from Saab 9-5, Saab 9-3, BMW 3-series and Audi A6 are inspected with the aim of 
grading how well they fulfill their purposes. Signals from Saab 9-5 are modified in accordance with existing theories 
to obtain a comparable signal group. The two groups of signals, original and modified, are then evaluated in a jury 
evaluation performed to investigate how well current theories about auditory signals apply to road vehicles. The 
respondents rate the signals according to specific parameters but are also asked to describe the signals, their 
information value and their presumed purpose. Also, brand strength towards Saab is investigated. The study is 
performed in a Saab used to simulate driving situations, positioned indoors to shield from surrounding noise.  
 
Focus is directed towards the sounds and not how they are apprehended in combination with tasks performed in a 
vehicle such as driving and navigating. Since it is considered that signal reaction should not be based upon the need 
for learning signal meanings the test group used in the study will not get the opportunity to study the signals. The 
aim is to study their natural reaction towards the sounds. The effect of rhythm on how the signals are perceived is 
not included in this project.  
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2 Background 
To acquire a better understanding of the subject and to be able to problematize the investigation literature study is 
performed.  
 
2.1 Warning sounds 
Ulfvengren (2003: 60) explains the theoretical areas that connect to audio signals with Figure 1. The three large 
areas that are connected when a warning sound is played are Human, Sound and Warning Situation. The structure of 
warning sounds, how they affect humans and expected reactions are the combining links between these three areas. 
The Interfaces for the audio warnings are the factors that affect all areas nearby, such as psychoacoustics, stress 
levels, decision making, perception of seriousness level and the warnings themselves.  
 

 
Figure 1. Theoretical areas that connect to audio signals, (Ulfvengren 2003: 60). 

2.2 Urgency 
The level of urgency, when considering warning sounds, are described by Edworthy and Hellier (in Larsson et al, 
2009: 1) as ”an indication from the sound itself as to how rapidly one should react to it”. Figure 2 is used to find 
possible levels of Valence (Pleasure/Displeasure) and Activation (High/Low) that can be appropriate for warning 
sounds. The graph describes what Russell (2003: 148) calls Core Affects. These are the simplest, unaffected 
emotional states available. Russell describes that the emotional state one finds himself in can be described by the 
two axis displayed in Figure 2. Around the circle, different states of feelings are described by combinations of these 
two axes. For example, the feeling Sad contains a high level of Displeasure and some Deactivation while Serene  
has the same level of Deactivation combined with a much higher degree of Pleasure. 
 
Different reactions can be put in to the graph depending on levels of activation and pleasure. Sköld (2008: 4) 
describes Russell’s graph with warning levels, see Figure 2.  
 



13 
 

 
Figure 2. Warning levels mapped on to the Affect Circumplex (Sköld 2008: 4). 

Five levels of seriousness are shown that describe how fast it is desired that the driver reacts to the signal and how 
the driver should be affected for the desired effect. Information, the lowest level, should keep low and positive 
activation, close to affects such as Secure and Trustworthy. The object being informed about does not need to be 
handled immediately and there is no need for a drastic reaction. For example, it could inform of the need to change 
washer fluid. Advice and Caution also  stay  on  the  positive  side.  However,  Advice has a lower activation than 
Caution. These two should be taken care of with a gradually increasing rate, however still not urgently. Warning is 
displayed in the middle, on a neutral Pleasure level but has a higher activation level than the former examples. It is 
close to the affect Informative and should be handled as soon as possible. Severe Warning points at something that 
should be reacted to immediately and therefore it has a very high level of Activation and is positioned far on the 
negative side. For example, this could be represented by a collision alert.  

2.3 Human Behaviour 
The human body treats visual and audio signals with different speed. This is partly because visual signals are 
optional while audio signals are “omni-directional” (Ulfvengren, 2003: 20) and cannot be shut off. Ulfvengren 
(2003: 18) explains that ”cognitive operations such as reasoning and image transformations require more time and 
effort and it involves working memory more than perception does.” According to this, auditory signals should be 
preferred for warnings since visual signals demand more processing. Auditory signals are a part of perception and 
constantly perceived. Considering the capacity for treatment of impressions Wickens mentions that ”resource is 
assumed to be limited” (in Ulfvengren 2003: 18). The human ability to treat a certain amount of impressions is not 
unlimited. To treat impressions, ”encoding, transformation, processing, retrieval and utilization of information” 
(Ulfvengren, 2003: 18) is needed, something that uses up resources. When overloaded, treatment will not be 
performed to the body’s highest abilities. Ulfvengren (2003: 19) explains how the ability for multitasking allows for 
two tasks to be performed in a shorter time than if they had been performed separately. However, he continues, if 
these tasks are too many, and too complex, the performance deteriorates. ”There is […] evidence showing that 
different tasks get in conflict more or less with each other. In order to get best performance, these conflicts should be 
made as few as possible” (Ulfvengren, 2003: 19). Ulfvengren interprets Wickens Multiple-resource model, meaning 
that a structure with a distinction between auditory and visual information should be preferred and compares the 
human attention capacity to a filter that decides what information should be treated at a certain time (Ulfvengren, 
2003: 19). 

2.4 Signal Types 
Different types of sound can be used as warning signals. Petocz, Keller and Stevens (2008: 166) mention that audio 
signals are divided in to three groups: speech, abstract sounds (simple or combined tones which, when they reach 
musical height, are called earcons) and auditory icons (sounds from the environment). Gaver (in Edworthy and 
Hellier, 2006: 200) divides auditory icons in nomic (straight connection, for example a metallic sound representing 
closing a file), symbolic (the connection is based on convention, for example applause representing acceptance) and 
metaphorical (some form of relation between signal and action, for example ascending tone symbolizing rising 
temperature).  
 
The question whether auditory icons are appropriate as auditory warning does not unite researchers. Petocz, Keller 
and Stevens (2008: 166) conclude that both auditory signals and speech are advantageous over abstract sounds. 
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Speech conveys information directly and auditory icons are naturally associated with events. Abstract sounds 
however, do not have a direct transmission of information and can be associated with different events depending on 
surrounding factors. Edworthy & Hards (in Petocz, Keller and Stevens 2008: 166) claim that auditory icons are 
preferred as informative and not warning sounds and Belz et al (in Petocz, Keller and Stevens 2008: 166)  that 
implementation of auditory icons in complex systems (such as those where warning sounds occur) have not given 
successful results. Edworthy & Hards (in Petocz, Keller and Stevens 2008: 166) claim that the meanings of auditory 
icons, when associating freely, not necessarily have a straight learning process. However, when considering sounds 
naturally occurring in the environment it is more about forgetting already existing associations to create new ones 
and not so much a learning process. Edworthy and Hellier (2006: 203) claim that auditory icons perform better that 
abstract sounds in analyses, but also mention that surrounding sounds occurring in a vehicle can make them hard to 
recognize. Ballas (in Edworthy and Hellier, 2006: 203) states that abstract sounds are more characteristic for the ear 
since they stand out among the surrounding sounds, which is what auditory icons are made of. Ulfvengren (2003: 
62) suggests that that since complex sounds exist in nature, these are the ones humans are developed to interpret. 
The conclusion is that auditory icons may be better at conveying information and be more natural to the ear. 
However they may not be appropriate as warnings and can have a message understanding that varies depending on 
situation. 
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3 Theory for Auditory Signals 
An investigation is made on existing propositions on routines when developing audio signals to insure a certain 
quality and ability to bring out the right kind of reaction in listeners. After this, the signal building process is 
reviewed as Patterson (1990: 487) proposed it to be. This includes both the construction of the sound pulse and the 
sound level of the frequency spectrum. 

3.1 Procedure when developing auditory signals 
Petocz, Keller and Stevens (2008: 175) present Figure 3 as a ”usual procedure for designing auditory warnings”. It 
describes the different steps and re-steps that should be taken to reach the most appropriate signals. Thorough work 
should be directed towards localizing sounds that are inappropriate and mapping of possible warning sounds. These 
are prioritized, something that may already exist in the electronic sound system in a vehicle. This is followed by 
several steps of design, elimination processes and re-designs until the most appropriate sound is found. This 
procedure mainly focuses on finding the most appropriate signals. No information is given to how the signal pulse in 
itself should be constructed.  
 

 
Figure 3. Recommended procedure when designing audio signals (Petocz, Keller and Stevens 2008: 175). 

3.2 Number of Signals 
Patterson (1990: 489) describes the ability to memorize signals stating that between four and six signals easily can 
be learned. A greater number poses difficulties. Graver, Smith and O’Shea (in Haas and Edworthy, 2006: 191) 
however, claim that several more signals can be learned. Ulfvengren (2003: 37) mentions the FAA Crew Alerting 
Guidelines (DOT/FAA/RD-81/38 II) that advises very few signals in combination with visual icons. Whether this is 
applicable for vehicles is not certain. They also mention that severe warnings should be accompanied by voice 
messages. This is however not applicable to emergency situations in a vehicle. Normally, new signals are not 
learned in beforehand, and time spans are smaller on the road compared to in the air. Therefore, signals for vehicles 
should be intuitive and give rise to fast reactions. Voice messages are not seen as appropriate for higher urgency 
warnings due to the mentioned time spans. 

3.3 Signal Level Range 
Patterson (1990: 485) worked with warning signals for aircrafts. His outcome was that each sound should have its 
own distinct melody and temporal pattern. Apart from this, he also showed that an optimal sound level for warnings 
in noisy situations can be produced. Patterson (1990: 486) wrote that the individual spectral components in the 
warning sound should be 15 dB over the auditory threshold created by the surrounding sounds. This is illustrated in 
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Figure 4. The dashed line shows the auditory threshold and the vertical lines the spectral components for an 
intermittent warning horn. The appropriate range for warnings starts 15 dB over the auditory threshold and increases 
10 dB. The increase could be larger but the maximum level should not pass 105 dB. It can be seen for this particular 
sound that some frequencies have a sound level below the appropriate range while some are much higher. The low 
levels will be heard with difficulty while the high ones might be disturbing or even harmful to the human ear. 
According to Patterson at least four frequencies should be in the optimal range to avoid masking by surrounding 
noise. Thus, the signal below is not optimal as a warning sound. Warning sounds can with this method be regulated 
depending on the surrounding sound levels.   
 

 
Figure 4. Individual spectral components for a signal compared to the auditory threshold and appropriate range for 

warnings (Patterson 1990: 486). 

3.4 The Signal Pulse 
A signal pulse can be divided into three parts: Attack, Sustain and Release, shown in Figure 5. The time for the 
pulse is called the period time Tp.   
 

 
Figure 5. Signal pulse divided in to its main parts; Attack, Sustain and Release. 

Attack Time 
For the human body, Patterson (1990: 489) emphasizes that a rapid level increase to a very high level (Attack time 

 0) is associated with danger and the normal human reaction is tensed muscles allowing rapid escape or fight. 
These kind of instinctive reactions for a warning signal are not desired in a driving situation and not deliberate by 
the person. Therefore, sudden and sharp sounds are not recommended. Patterson (in Haas and Edworthy 2006: 196) 
recommends an Attack, or Rise time (Ta) between 20 and 30 ms. The same reasoning also applies for the Release 
time (Tr). Further he recommends that “the onset and offset […] should be concave down, or at worst linear” and 
have the shape of “a quarter sine function” (in Haas and Edworthy 1996: 197). Edworthy et al (in Ulfvengren 2003: 
37) found that “speed of bursts, fast onset pulse and unpredictability and irregularities increased urgency” and that 
pitch contour, which is important when memorizing melodies, “had little effect on urgency but is suggested to be 
used to make sounds easier to discriminate”.  
The Signal 
Patterson (1990: 490) has developed recommendations for the construction of an auditory signal to make sure it 
holds enough amount of frequencies and pulses to clearly be heard among surrounding noise while allowing 
conversation. The buildup of the signal is explained in Figure 6. The theory is developed for airplanes, trains and 
hospitals and should apply for cars.  
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Figure 6. Build up of audio signal according to Patterson (Patterson 1990: 490). 

The signal consists of several Pulses like the one shown in the first row. The Attack Time and the Release Time are 
of necessary length and the shape is rounded with some variations in level. The variations are used since Patterson 
(1990: 486) mentions that the human auditory system is better at recognizing differences in sound level than 
absolute frequency or intensity. According to Haas and Edworthy (2006: 197) ISO/TC (1986) prefers pulsating 
signals over constant ones. This is in line with the theory about ADSR (Attack, Decay, Sustain, and Release) that 
advocates variations in sound level (Operations and Management –Train Protection and Warning System, Audible 
Alerts, 2010: 5-7). The frequency pattern for the pulse is constant throughout the signal. The middle row shows the 
Burst, which contains the signal. The spaces in between pulses are varied to give the signal a distinct rhythm. The 
Warning in itself consists of several Bursts where the pause time in between signals is varied to give a certain level 
of urgency.  
 
According to Patterson (1990: 490) this is a suitable structure since the level of urgency is easily manipulated while 
startling scenarios are avoided with the length and shape of the rise and release times. The pauses in between bursts 
and warnings allow for conversation to solve problems and also decrease the risk for irritation. The signal is kept for 
quite some time as a reminder that the problem still exists.  

3.5 Parameters  
It is necessary to establish which parameters affect the conceived level of urgency. According to Ulfvengren (2003: 
29) five parameters can be varied: Rhythm, Pitch, Timbre, Register and Dynamics. However, also Musicality, 
Dissonance, Consonance, Annoyance, Loudness and Noisiness are parameters that affect how humans interpret 
sound (Ulfvengren, 2003: 31).    
 
Gibson (in Ulfvengren, 2003: 23) suggests that meaningful sounds not only vary in pitch, loudness and length but 
also in timbre and musicality. So repeating a sound or changing its rhythm can also be used to differentiate sounds 
since this is naturally separated by the human audio system and is specific for each sound source.  
 
Urgency 
Aside from the signal meaning, the urgency of a situation is the most important quality for the warning to convey to 
guarantee that the necessary action is given where needed. Haas and Casali (1995: 2324-35) state that the correlation 
between urgency and reaction time is negative. A higher urgency gives a shorter reaction time. Hellier and 
Edworthy (in Larsson et al, 1999: 1) emphasize that it is the speed of repetition, number of repetitions, the 
fundamental frequency and the inharmonicity that affect the urgency. Haas and Casali (in Larsson et al, 2009: 1) 
conclude that loudness has the greatest influence on urgency. However Larsson et al (2009: 1) state that the range in 
which the sound level can be varied is small. They also claim that sounds with too high urgency levels can be a 
source  of  irritation  and  startle  effects.  An  urgency  level  that  is  too  low  can  result  in  a  slow  or  absent  reaction.  
According to Edworthy and Hellier (2006: 207), irregularity in a harmonic series increases the urgency level. This 
means that a more complex relation between a fundamental frequency and its harmonies give a higher urgency level.  
 
Edworthy et al (in Edworthy and Hellier, 2006: 207)  have created tables over how different parameters affect the 
urgency level. Table 1 shows how pulse characteristics affect the urgency level.  



18 
 

Table 1. Effects of Pulse Characteristics on perceived urgency (Edworthy and Hellier, 2006: 207). 
 

Parameter Direction of Effect 
Fundamental Frequency High>Low 
Harmonic Series Random = 10% Irregular >50% Irregular >Regular 
Delayed Harmonics No Delayed Harmonics > Delayed Harmonics 
Amplitude Envelope Regular = Slow Onset > Slow Offset 

 
Table 2  shows how burst characteristics affect the  perceived urgency level.  
  

Table 2. Effects of Burst Characteristics on Perceived Urgency (Edworthy and Hellier, 2006: 207). 

Parameter Direction of Effect 
Speed Fast>Moderate>Slow 
Number of repeating units 4>2>1 
Rhythm Regular>Syncopated 
Speed change Speeding up>Regular = Slowing 
Timbre contour Random>Down = up 
Timbre range Large>Small>Moderate 
Musical Structure Atonal>Unresolved>Resolved 

 
Haas and Casali (1995: 2324) establish that, for each signal type “perceived urgency is greatest when pulse level is 
greatest and when inter-pulse interval is smallest”. 
 
Besides the parameters affecting a signal, it is also important to use the signals correctly. Burt et al (in Edworthy and 
Hellier 2006: 208-209) claim that the urgency level of a warning can change if a serious warning is associated with a 
not urgent situation, and vice versa.  
 
Irritation 
Wiese and Lee (2001: 1635) describe the idea that signals conveying high levels of urgency risk being considered 
annoying, something that can lower system acceptance. Therefore, the risk of irritation must always be considered. 
Ulfvengren (2003: 57) suggest a study where pilots asked for the possibility to control the number of repetitions 
themselves. The number of desired repetitions depended on the situation. It is not established what effects the 
possibility to turn off a warning would have on safety since there might not be an incentive to turn an alarm on once 
it has been turned off, according to Thorning and Ablett, Cooper and Couvillon and McIntyre  (in Edworthy and 
Stanton 1995: 2263.). Wiese & Lee (2001: 975) show that loud annoyance levels tend to increase the work load, 
something that hinders the drivers’ ability to think and perform at an optimal level.  
 
Fundamental Frequency and Range 
The fundamental frequency is the lowest frequency in a periodic wave. Patterson (in Operations and Management- 
Train Protection and Warning System, Audible Alerts, 2010: 3) recommends that the fundamental frequency should 
lie between 300 and 600 Hz to avoid signals being too shrill and ensure that there will be enough harmonies to avoid 
masking. Antin, Lauretta and Wolf (1991: 13) recommend audio signals to lie between 2-6 kHz, in our most 
sensitive area. In Operations and Management- Train Protection and Warning System, Audible Alerts (2010: 5) it is 
stated that the most important aspect is that the pulse has at least three harmonies in the central hearing range (300-
3000Hz).  
 
Rhythm 
The rhythm depends on variations in pulse and how these are repeated. It is considered to be the simplest distinction 
between two sounds. Blattner, Sumikawa and Greenberg (1989: 23) conclude that the rhythm is the most distinct 
attribute in a sound and that reaction to rhythm is much faster than to other parameters.  
 
Patterson (1990: 489) emphasizes the importance of giving warnings distinct rhythms or pulse repetition rates since 
similar rhythms are likely to be mixed up even when differences in spectrum are large. Brewster, Wright and 
Edwards (1993: 14-15) advise that an effective way of avoiding confusion is to have different amount of notes in 
each rhythm/signal.  
 
Pitch 
Klapuri  and  Davy  (2006:  8)  describe  pitch  as  an  “attribute  which  allows  the  ordering  of  sounds  on  a  frequency-
related scale extending from low to high”. Pitch is however not only dependent on frequency but also on sound 
pressure and wave form (Plack, Oxenham and Fay 2005: 1) and is mainly connected to perception. It should thus not 
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be described only by physical attributes such as the frequency content of the sound, since sounds of the same 
frequency can at times have different pitch. They also explain that pitch is the attribute that allows for some musical 
instruments to produce melodies and for the transfer of semantic information in languages. Figure 7 shows the 
perceived frequency content in a signal combined by three frequencies. The lowest frequency is the fundamental and 
the other two are the harmonics. 
 

 
Figure 7. Perceived frequency content in a sound containing three frequencies. 

About pitch perception for combined sounds (those containing more than one frequency) Patterson (1990: 488-89) 
states that: 
 

“Contrary to the general conception of pitch perception, we do not hear a separate pitch for 
each peak in the spectrum of a sound. Rather the auditory system takes the information from 
temporally related components and maps them back onto one perception, namely, a pitch 
corresponding to the fundamental of the harmonic series implied by the related components. 
This property of the hearing mechanism has important implications for the design of auditory 
warnings.” 

 
Brewster, Wright and Edwards (1993: 8) suggest that pitch in itself is not enough to differ between signals. However 
in combination with rhythm it is an effective tool for the distinction of sound. Blattner, Sumikawa and Greenberg 
(1989: 24) recommend that all pitches should be chosen from the same octave to avoid problems in how higher 
octaves are perceived. The report Human Factors and Driver-Vehicle Interface (DOT-HS 46) describes that a flat 
contour on the pitch gives a higher urgency but keeps annoyance levels unchanged.  
 
Timbre 
Haas and Edworthy (2006: 197) describe timbre as the spectral characteristic that affects sound quality. It includes 
frequency range, number of pure tones and their harmonic structure. Brewster, Wright and Edwards (1993: 14 -15) 
claim that timbres from musical instruments are preferred when possible before synthetic signals.  
Register 
Register is the range for a note or a signal. Brewster, Wright and Edwards (1993: 14-15) propose in their guidelines 
that if the register is the only difference between two signals it should be at least two or three octaves wide.  
 
Intensity 
Intensity is the sound volume that the listener usually controls. Although warning signals usually are not volume 
adjustable, Brewster, Wright and Edwards (1993: 14 -15) recommend that the intensity should be kept in a small 
range to avoid losing tones or frequencies if the volume is changed. Momtahan and Haas and Casali (in Ulfvengren 
2003: 36) claim that “intensity has a greater effect on perceived urgency than other acoustic parameters”.  
 
Pure/Simultaneous tones 
Haas and Casali (1995: 2324) conclude that data clearly shows that “sequential pure tones are perceived as 
significantly less urgent than simultaneous and frequency modulated tones.” Connected to this they mention that the 
mean response time is greater for the sequential tones with the largest difference being 40 ms; a short interval that 
may make a difference in an unfortunate situation. They also concluded that no evidence was found that inter-pulse 
interval had effect on response time.   
 
Other  
According to an investigation by Edworthy, Hellier and Hards (1995: 2355) where the connection between sound 
parameters (rising and falling) and different adjectives was studied, increasing speed was strongly correlated with 
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Danger and Hurry/Urgency. However, it is difficult to establish the meaning for different polarities since there is no 
rule for what polarity carries what meaning. Mansur, Blattner and Joy (in Brewster 1992: 8-9) suggests that there 
“appears to be a natural tendency, even in infants, to perceive a pitch that is higher in frequency to be coming from a 
source that is vertically higher in space when compared to some lower tone”. However, Patterson (1990: 486) claims 
that high-frequency tones are difficult, if not almost impossible to localize.  
 
Blattner, Sumikawa and Greenberg (1989: 27) explain that sound differs from images by its dependency of time. 
There is no chance to stop at a certain sequence to examine it. Because of this, the parts that make up a signal should 
be kept short so the listener will have a possibility to understand the parts that build up a signal. A longer chain, with 
for example four parts, is often considered to be a musical piece. A listener easily gets tired and annoyed with 
repeating musical pieces.  

3.6 Leading Signals 
It is desired that signals not only indicate the level of urgency for a situation but also lead to a correct response. 
Therefore, it is important to give the signal a meaning. Ulfvengren (2003: 62) proposes that mimicking sounds could 
be used, for example animal sounds. However, it is of importance that the sound is associated in the right direction 
and that these associations occur globally since markets for the vehicles in question are spread around the world. 
Edworthy and Hellier (2006: 206) claim that all sounds, not just animal sounds, can have different connotations 
depending on surroundings and situation.  
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4 Recording  
The signals are recorded both in a Saab 9-5 and in a simulator car where the study is held. The first recording (in a 
Saab 9-5) gives loud and clear signals that will be used to create the modified signals. These recordings will also be 
stored in a database for future use. Both original and modified signals are recorded in the simulator car and used for 
comparisons with the respondent’s perception of the sounds.  
 
The recordings are made with a Sound Recorder Data Acquisition Programme by Head Acoustics called Head Lab 
and the microphone placed according to GM Worldwide Engineering Standards (2005: 17,19). The seat is placed in 
center position horizontally and vertically with the back support angled as vertically as possible while positioning 
the microphone at a distance of 70 cm vertically from the seat and horizontally from the instrument panel, shown in 
Figure 8. There is a minimum distance of 15 cm between the microphone and the head rest. The microphone is 
placed next to the right ear of an imagined driver. A modified head rest is used for the Saab 9-3 and a stand for the 
others. 
 

 
Figure 8. Microphone position according to GM Worldwide Engineering Standards (2005: 17). 

Six sets of measurements are made on all of the sounds. The first set is made in the described standard position. The 
others are combinations of vertical and horizontal variations of the chair position see Table 3. This is done to find 
the clearest signal due to seat position. 
  

Table 3. Car seat positions for measurements 

Nr  Horizontal (cm) Vertical (cm) 
1 Standard 
2 -“- +4.5  
3 -“-  +6 
4 -“- +4.5 +6 
5 -“- - 4.5  
6 -“- - 4.5 +6 

 
The choice of a microphone instead of a binaural head and headphones is motivated by the desire to get a clear 
picture of the sound at the driver’s ear with the car interior affecting the signal. However, nothing is put in the car 
seat to mimic the human body.  
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5 The Signals 
The idea of strengthening consumer interest was in focus when choosing cars for the study. Therefore, the tests were 
made on existing Saab models; 9-5 and 9-3, and on two cars from competing companies; Audi A6 and BMW 3-
series.  
 
Eight auditory signals are evaluated. The signals have been chosen to cover all five levels or urgency and are seen in 
the list below. A short form for each signal is presented in brackets and will be used hereafter. 
  

 Front Alert (FA) – warns that car in front is in range for a frontal collision Severe Warning 
 Lane Departure LF (LD) – warns for a collision when changing lanes, left side Warning 
 Front Parking Assist (FPA) * – warns for close objects in front of car when parking Caution 
 Rear Parking Assist (RPA) ** – warns for close objects behind car when parking Caution 
 Seat Belt Reminder, Driver (SBR) **– reminds of seat belt for the driver’s seat Advice 
 Key in Ignition (KEY) – reminds that the keys are left in the ignition/car Advice 
 Turn Signal (BL) – informs that the turn signal is on Information 

*Front and Rear Park Assist have several levels in Saab 9-5. The chosen ones are for range zone six out of eight 
where one is closest to the object.  
**Seat Belt Reminder has different levels in Saab 9-5. The chosen one is the highest.  
  
The results from the recordings are used to create complete descriptions for all signals and to find out how well the 
signals are suited to their means. The characteristics of each signal are portrayed by the aid of the analysis tool 
ArtemiS and are seen in Shahnazarian (2011). Below, each signal is described shortly. 

5.1 Severe Warning  
Front Alert, Saab 9-5 
The signal consists of seven short bursts when the car ahead is close enough to risk collision. The complete signal 
sounds for 0.75 seconds. Figure 9 shows pressure versus time and an FFT for the signal.  

 

 
 

Figure 9. Pressure versus time and frequency for Saab 9-5 Front Alert. 

The signal consists of one frequency. This is a signal at the highest urgency level. It needs to attract the driver’s 
attention immediately without the risk of being masked by other sounds. Both Ta and Tr lay in the theoretically 
optimal range, however, Ta at the lower boundary. The increase in sound level during the attack is considered steep 
enough. The sound level is 4 dB lower when played in the simulator car compared to the original car. 
  
Recommended:   

 Increase the number of frequencies 
 Put the fundamental frequency in the right range 
 Increase Ta with 5ms  
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5.2 Warning 
Lane Departure LF, Saab 9-5  
The signal consists of three short bursts. The complete description for this signal is seen in Shahnazarian (2011) 
Figure 10 shows the pressure versus time for the filtered signal. Ta is considered too short. Tr is very long, however 
there is no information as to how this is perceived by listeners. The sound level increase during the attack is 
considered too steep and risks startling the driver. The signal has a click-sound where the third pulse is cut which 
can decrease perceived sound quality. However, this shortens the signal to an acceptable length. The sound level is 
18 dB lower when played in the simulator car compared to the original car.  
 

 

 
Figure 10. Pressure versus time and Frequency for Saab 9-5 Lane Departure. 

Recommended:  
 Increase the number of frequencies 
 Put the fundamental frequency in the right range 
 Increase Ta. 
 Investigate if the long tail (Tr) is disturbing.  
 Decrease the rise to a theoretically optimal value. 
 Eliminate the click-sound.  

5.3 Caution 
Front Parking Assist, Saab 9-5 
The  signal,  Figure  11,  plays  for  as  long  as  the  object  in  front  of  the  car  is  kept  at  the  same  or  smaller  distance.  
Complete description of the signal is found in Shahnazarian (2011). Ta is too short but Tr is considered acceptable. 
The rise is not considered to be steep enough for this particular urgency level; it will probably not induce the wanted 
effect in the driver. It can be considered if the signal would be equally informing but less irritating if it had a distinct 
rhythm with grouped pulses. The sound level in the simulator car is 8 dB lower than in the original car. 
 

 

 
Figure 11. Pressure versus time and Frequency for Saab 9-5 Front Parking Assist. 



24 
 

Recommended:   
 Increase the number of frequencies 
 Put the fundamental frequency in the right range 
 Increase Ta to reach theoretical range  
 Increase the rise at Ta 

 

Rear Parking Assist, Saab 9-5 
The signal, Figure 12, plays for as long as the object behind the car is kept at the same or smaller distance. Complete 
description is found in Shahnazarian (2011). The frequency is lower compared to the Front Parking Assist to convey 
the idea that the object is situated behind the vehicle. The signal has a click-sound in the end. Ta is considered too 
short while Tr is acceptable. The rise is not considered steep, however no theoretical lower limit has been found. 
And since this is a lower level warning this steepness is considered acceptable. The sound level is 14 dB lower in the 
simulator car compared to the original car.  
 

 

 
Figure 12. Pressure versus time and frequency for Saab 9-5 Rear Parking Assist. 

Recommended:   
 Increase the number of frequencies 
 Put the fundamental frequency in the right range 
 Increase Ta to reach theoretical range 
 Eliminate the click-sound  

5.4 Advice 
Seat Belt Reminder, Saab 9-5 
The signal, Figure 13, sounds until the driver puts on the seat belt according to European specifications. Complete 
description is found in Shahnazarian (2011). It should be investigated whether this signal risks being masked or not 
to decide whether it needs more frequencies. Ta is considered acceptable. Tr is long but the effect of this is unclear. 
The great amount of repetitions will probably annoy the driver; a desired effect for this signal. The sound level is 14 
dB lower in the simulator car compared to the original car. 
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Figure 13. Pressure versus time and frequency for Saab 9-5 Seat Belt Reminder. 

Recommended:  
 Increase the number of frequencies 

 
No modifications are made to the signals below since recordings from several car models are made.  
 
Key in Ignition, Saab 9-5 
The signal consists of one frequency, Figure 14. Complete description is found in Shahnazarian (2011). For this 
level of urgency it is not necessary for the signal to consist of several frequencies. Ta is too short while Tr and the 
rise at Ta are acceptable. It can be discussed whether the great number of repetitions are necessary. If the driver has 
already closed the car door the signal risks not being heard. However, the repetitions may convey the need for an 
action before they are shut off. The sound level is 19 dB lower in the simulator car compared to the original car. 
 

 

 
Figure 14. Pressure versus time and frequency for Saab 9-5 Key in Ignition. 
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Key in Ignition, Saab 9-3 
The signal consists of several frequencies, see Figure 15. Complete description is found in Shahnazarian (2011). The 
fundamental frequency is considered to be very high. Ta is very short while Tr is long. The rise at Ta is acceptable. 
The sound level is 11 dB lower in the simulator car compared to the original car.  
 

 

 
Figure 15. Pressure versus time and frequencies for Saab 9-3 Key in Ignition. 

Key in Ignition, BMW 3-series 
The signal consists of several frequencies where the fundamental frequency lies in the right range. Complete 
description is found in Shahnazarian (2011). The signal is shown in Figure 16. Ta is long enough while Tr is seen as 
very long. The effect of this is not clear. The rise is acceptable. The fact that the signal consists of only one beep 
might lessen the effect of the long tail. However, one signal can easily sound confirming instead of informing. A 
click-sound is heard at the end of the signal. The sound level is 9 dB lower in the simulator car compared to the 
original car.  
 

 

 
Figure 16. Pressure versus time and frequencies for BMW Key in Ignition. 

Conclusion: Key in Ignition for BMW seems to be the signal that lies closest to the theoretically preferred values. 
However, it is only played as one burst which easily can be missed. The signal for 9-5 can appear to be annoying 
due to its many repetitions while 9-3 has too high frequencies.  
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5.5 Information 
Turn Signal, Saab 9-5 
The signal consists of many different frequencies, Figure 17. Complete description is seen in Shahnazarian (2011). 
The signal does not have a high urgency level and is driver controlled. The fundamental frequency is much lower 
than the theoretically desired one and the effect of this is unclear. Ta is very short while Tr lies in the desired range. 
The rise is lower than what is theoretically desired. The sound level is 6 dB lower for the simulator car compared to 
the original car. 
 

 

 
Figure 17. Pressure versus time and frequencies for Saab 9-5 Turn Signal. 

Turn Signal, Saab 9-3 
The signal, Figure 18, consists of several frequencies, most of them in the desired range. Complete description is 
found in Shahnazarian (2011). The attack time Ta is considered to be too short. The sound level increase at Ta is 
considered acceptable. The sound level is 4 dB lower in the simulator car compared to the original car. 
 

 

 
Figure 18. Pressure versus time and frequencies for Saab 9-3 Turn Signal. 
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Turn Signal, BMW 3-series 
The signal consists of several frequencies. Complete description is found in Shahnazarian (2011). The fundamental 
frequency lies in the desired range and as well as most of the other frequencies. The filtered signal is shown in 
Figure 19. Ta is too short while Tr is satisfactory. The rise is also considered satisfactory. The sound level is 9 dB 
lower in the simulator car compared to the original car. 
 

 

 
Figure 19. Pressure versus time and frequencies for BMW Turn Signal. 

Turn Signal, Audi A6 
The signal, Figure 20, consists of several frequencies. Complete description is found in Shahnazarian (2011). The 
fundamental  frequency  lies  too  high.  Ta  is  considered  to  be  too  short  while  both  Tr  and  the  level  rise  at  Tr  are  
satisfactory. The sound level is 3 dB higher in the simulator car compared to the original car. 
  

 

 
Figure 20. Pressure versus time and frequencies for Audi A6 Turn Signal. 

Conclusion: The need for a good turn signal can be discussed. For professional drivers, who use the turn signal 
many times during the day, the sound quality can have impact on their working conditions, especially when 
considering annoyance levels. For drivers using the car for transportation purposes, the impact might be less.  
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5.6 Modifying Recorded Material 
Only the signals from Saab 9-5 are chosen for modification since most signals are present in this car. The software 
used for the modifications is Audacity. The description of the modified signals is shown in Shahnazarian (2011). In 
general, the sound level of the original signals is lower when played in the simulator car compared to the Saab 9-5. 
The sound level for the modified signals is slightly lower than the original signals when both are played in the 
simulator car.  
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6 Test Procedure  
A listening test was made to evaluate all the signals. For the higher urgency levels, the original signals for the Saab 
9-5 are evaluated against its modifications. For Turn Signal and Key in Ignition, the different brands are evaluated 
against each other since no modifications are made here.  
 
The respondents listened to each of the above described signals and answered questions about them. No information 
was given about the signals and they were played in fixed random order. Half of the group heard the signal in one 
order, the other half in the reverse to avoid any effects of learning or lack of focus towards the end of the survey. 
The survey, translated into English (the study was performed in Swedish) is shown in Appendix 1. The study was 
performed  in  a  Saab  9-3,  indoors,  used  for  driving  simulations.  It  was  preferred  to  perform  the  study  in  this  car  
instead of a sound studio with higher quality and sound level since it was desired that the respondents associated 
through the test environment. Sounds from the engine and roads are not included in the study since a stationary car 
is used.  
 
In the first question, the respondents filled in their experience of the sound in a Self Assessment Manikin, see 
Appendix 1, question 1. This is a “non-verbal pictorial assessment technique” (Bradley and Lang, 1994: 49). Only 
the  first  two  of  the  original  three  rows  (Pleasure, Valence and Dominance) are used here. The respondent is 
supposed to mark where on each scale she identifies herself when hearing the signal, thus giving a nine-point 
measure of the signal effect for each emotional state. The lack of words to describe these states in the manikin 
makes it valid worldwide.  
  
The scope of the questions was to investigate whether the changes made to the modified signals result in different 
reactions of the respondents compared with the original signals. The short questions facilitate statistical analysis to 
find out how appropriate the questions were and if they really measured what was intended. If the differences in 
reaction do not reach significant validity, thought should be given to how important it is for a certain value to lie in a 
certain theoretically given range. Another thought is how to interpret the results if the signals consisting of one 
frequency are preferred before the ones consisting of multiple frequencies since the investigation does not consider 
the risk of masking.  
 
Furthermore, questions where the respondents should describe their perception of the stimuli were stated. These 
responses will be used to get more varied information than in the short questions. The respondents will also describe 
which situation they believe the signal represents. This will point to the effectiveness of each signal at informing the 
driver of the present situation. In the last question the respondents were asked whether the signal represents the 
brand Saab. This is interesting since the group of signals contains signals from both Saab and two other brands as 
well as new signals. This can give a good overview in how Saab is apprehended based on its signals and how well 
the new signals fit Saab.  
 
The signals were played in a slide show through the software Microsoft Office PowerPoint 2007. By using a touch 
screen placed at the center stack in the car, the respondents could themselves decide the number of repetitions. The 
duration of the study was about 45 minutes per respondent. The sound was played through speakers placed on each 
side in the front of the car to mimic frontal speakers.  

6.1 Respondent group 
The group consisted of 24 participants; 14 male and 10 female. All of them are employees at Saab but one who 
worked through another company. Despite having the same employer, it was considered important that the 
participants had different jobs to avoid responds biased by their occupation. The age range was 26 – 54 years old. 
Four of the participants described some form of partial hearing impairment in one ear.  
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7 Data Analysis 
Statistical analysis is made by the aid of the computer programme SPSS v18.0.  

7.1 Group Level 
Comparisons on group level are made by a Test of Within Subjects Effects to see if the words used in the 
questionnaire give valid information about the signals. The level of confidence is 95%. The overall finding was that 
all the words used in the questionnaire can be seen as valid questions except Rough (p=0.170) which could be 
excluded from the analysis. Data for pairwise comparisons between signals is also presented. Seat Belt Reminder 
did not show any significant difference between its two signals. 
 
Urgency 
Figure 21 shows that the values for Urgency tend to be higher for the more serious signals, just as expected. The test 
shows that there are significant differences between some signals (p<0.01) and therefore Urgency is a valid 
question. For 9-5 in general, the test shows that there is a significant difference between Front Alert and Lane 
Departure (p=0.001). There is a difference between Key in Ignition for BMW towards 9-5 (p<0.01) and 9-3 
(p<0.01). The turn signal for 9-5 is considered to be significantly less urgent towards the other three.  
 
 
 
 

 

 

 

 

 

 

Figure 21. Graph displaying values for Urgency. 

Annoying 
The test shows that there are significant differences (p<0.01) between some of the signals, and that Annoying is a 
valid question. There is a significant difference between original and modified for Front Alert (p=0.05), Lane 
Departure (p=0.021) and Front Park Assist (p=0.019), where the modified signal has much lower scores than the 
original, see Figure 22. There is however no significant difference between Front Alert and Lane Departure for 9-5. 
The three signals for Key in Ignition all differ significantly towards each other. 9-3 is rated as the most annoying 
signal and 9-5 the least. There is a significant difference between the Turn Signals for 9-5 and 9-3 (p=0.002) where 
9-3 is considered more Annoying. A6 is considered significantly more annoying than the other turn signals.  
 
 
 

 

 

 

 

 

 

Figure 22. Graph displaying values for Annoyance. 
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Direct Start 
The test shows that there are significant differences between some of the signals (p=0.02) and that Direct Start is a 
valid question. Mean values are shown in Figure 23. There is a significant difference between the original and 
modified Front Alert (p=0.005) and also a significant difference between the original Front Alert and Front Parking 
Assist (p=0.01), and one between the modified Front Alert and Rear Parking Assist (p=0.048). Key in Ignition for 9-
3 is considered to start more directly than the one for BMW (p=0.028). Turn signal for 9-3 is has a more direct start 
than A6 (p=0.037).  
 
 

 

 

 

 

 

 

Figure 23. Graph displaying values for Directness of Start. 

Attention Demanding 
The test shows that there are significant differences between some of the signals (p<0.01) and Attention Demanding 
is regarded a valid question. Mean values are shown in Figure 24. There is a significant difference between the 
original and modified Front Alert where the modified scores lower (p=0.012). This is not unexpected considering 
that the modified Front Alert also scored significantly lower in Urgency. There is a significant difference between 
the original Front Alert and Lane Departure signals (p=0.015). This is not unexpected since they differ in the same 
manner in Urgency. There is a significant difference between modified Lane Departure and Front Parking Assist 
(p=0.03) where the park assist scores higher. This is not a desired effect since the Lane Departure is a much more 
urgent signal. There is also a significant difference between the two signals for Rear Parking Assist (p=0.028). All 
three signals for Key in Ignition have significant differences towards each other. 9-3 is the most attention demanding 
(consistent with its scores for Annoying and Urgent) while BMW is considered the least attention demanding. Turn 
Signal 9-3 is significantly more attention demanding than A6 (p=0.036). This can be due to its higher score on 
signal start.  
 
 
 

 

 

 

 

 

 

Figure 24. Graph displaying values for Attention Demand. 
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Rough 
As seen in Figure 25, all values for Rough lie  between 2  and 3.  The word Rough does not give any information 
about the different signals since the measurements cannot differentiate significantly between the stated values for 
Rough (p = 0.170). It is not clear if this is due to the respondents not having the same understanding of the word or 
if the signals did not have distinct differences in roughness. However, it can be said that for these signals, Rough 
should be excluded from the analysis.  
 

 
Figure 25. Graph displaying values for Roughness. 

Sharpness 
The test shows that there are significant differences between some of the signals (p<0.01) and therefore Sharpness is 
considered a valid question. Mean values are shown in Figure 26. The original Front Alert is significantly sharper 
than the modified one (p=0.007). The original Lane Departure is significantly sharper than the modified Lane 
Departure (p<0.01). The original Front and Rear Parking Assist signals differ from their modified versions (p=0.014 
and p=0.045) meaning that all modified signals are less sharp. The original Front and Rear Parking Assists differ in 
between (p=0.001) just as the modified ones do (p=0.003). All three Key in Ignition signals have significant 
differences in between them. 9-3 is considered the sharpest signal. 
 
 
 

 

 

 

 

 

 

Figure 26. Graph displaying values for Sharpness. 
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Strength 
The test shows that there are significant differences between some of the signals (p<0.01) and therefore Strength is 
considered a valid question. The original values are considered higher than the modified ones for Front Alert 
(p=0.001), Lane Departure (0.003), Front (p=0.035) and Rear (0.01) Parking Assist, see Figure 27. Despite the fact 
that the modified signals consist of several frequencies, their overall strength is lower than the original signals. Key 
in Ignition 9-3 is higher than both 9-5 (p=0.002) and BMW (p<0.01).  
 
 
 

 

 

 

 

 

 

Figure 27. Graph displaying values for Strength. 

Pleasant 
The test shows that there are significant differences between some of the signals (p<0.01) and therefore Pleasant is a 
valid question. Mean values are presented in Figure 28. There is a significant difference between the two signals for 
Lane Departure (p=0.001) where the modified one is considered much more pleasant. This might be due to the lower 
scores the modified signal got for Strength, Sharpness and Annoying. There is a significant difference between the 
modified Front Alert and Lane Departure (p=0.002) showing that Lane Departure is considered more pleasant. 
There is a significant difference between original Rear Parking Assist and Seat Belt Reminder (p=0.002). This 
seems consistent with the idea that Seat Belt Reminder should be enough unpleasant to call for action. Key in 
Ignition for 9-5 is more pleasant than both 9-3 and BMW (p<0.01 for both). Turn Signal 9-5 is considered more 
pleasant than 9-3 (p=0.002). 
 
 
 

 

 

 

 

 

 

Figure 28. Graph displaying values for Pleasantness. 
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Level of Quality 
The test shows that there are significant differences between some of the signals (p<0.01) and that High quality is a 
valid question. Mean values are presented in Figure 29. The original Front Alert is considered higher in quality than 
the modified (p=0.012). Key in Ignition 9-5 is considered higher in quality than both 9-3 (p<0.01) and BMW 
(p<0.01). Turn signal A6 is considered lower in quality than 9-5 (p<0.01), 9-3 (p=0.004) and BMW (p=0.005).  
 
 

 

 

 

 

 

 

Figure 29. Graph displaying values for Quality Level. 

7.2 Within Signal Groups 
Pairwise comparisons presented by signal gives information about any differences in the modified versions 
compared to the originals. The results from the recordings as well as the descriptions made by respondents are also 
presented here. A complete list of words for each signal can be found in Shahnazarian (2011). Some modifications 
have been made to collect similar words in groups. Below, pie charts depicting the more frequent occurring words 
are shown where all words used by only one person are collected in the group Other. Based on the descriptions of 
the words, an attempt to place them in The Affect Circumplex is made. This is a rough estimation but could point in 
the direction that future work should be done on each signal. 
 
Front Alert 
The modified signal consists of three frequencies, compared to only one for the original. Values for the original and 
modified signal can be found in Shahnazarian (2011). The modified signal has kept the main structure of the original 
signal, with some adjustments to Ta and Tr.  
 
As stated in the previous section, the modified and original signal differ significantly in Annoyance Level (p=0.05), 
Direct Start (p=0.005), Attention Demand (p=0.012), Sharpness (p=0.007), Strength (p=0.001) and Quality 
(p=0.012). The modified signal scored lower in all of these parameters in the questionnaire, shown circled in Figure 
30.  This  fits  with  the  recorded  value  for  sound  level  which  was  7  dB  higher  for  the  original  signal.  Hence,  it  is  
possible to create signals with no significant difference in Urgency that are less annoying, and lower in sound level. 
The difference in frequencies does not seem to affect perceived urgency. The 0,6 sone difference in loudness does 
not seem to affect urgency either. But it might affect strength. Possibly, the value is too small to be noticed. Also, 
there seems to be no difference for the changed Ta. It seems that a change in 5 ms is too small. The measured 
difference in Roughness was not identified by the respondents and might have been too small to be noticed.  
 
One parameter did not fit with the respondents’ results. In Figure 30 there is a significant difference in Sharpness 
between the signals where the original signal scores higher. In the measured values however, the sharpness of the 
modified signal is 1.3 acum higher. 
  
It should be noted that values for Loudness, Roughness and Sharpness will reach somewhat higher values when 
played in a real car. Comparing the sound levels for the original signal in the simulator car and the real car (i. e. the 
systems used to play the signals); the sound level was four dB lower in the simulator. This made a great difference 
for the measured values for Loudness (6,7 sone). Therefore, it is assumed that the measured loudness value for the 
modified signal will be much higher when played in a real car. This would of course also affect the perceived values 
shown in Figure 30. The other signals are assumed to be affected in the same manner. 
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Figure 30. Graph displaying values for Original and Modified Front Alert. 

The original Front Alert signal was considered Urgent by eight respondents while the modified signal was not 
described by Urgent at all, see Table 4. This, despite the fact that the results from the pairwise comparison gave no 
significant difference between the responded urgency levels between them. The original signal had seven people 
responding Warning while the modified only had three. The original signal was described as Attention Demanding 
by only six people while the modified had nine. This is not consistent with the difference given by the statistical 
analysis that points to a difference in the other direction (i. e. the original should score higher). The two signals were 
each described as Informative by two respondents. Both Alarm Clock (9-5) and Ringtone (mod.) are positive words 
for this kind of alarm since both describe sounds that demand attention and reaction from the listener. The word 
group Other shows that the modified signal was easier to recognize with similar words than the original signal.  
 

Table 4. Words used to describe Front Alert signals. 

Original Modified 
8  Urgent  
7  Warning 3  
6  Attention Demanding 9  
4  Alarm Clock 4 Ringtone 
2 Informative 2  
2 Annoying 1  
12  Other 7  

 
Lane Departure 
The original signal consists of one frequency while the modified consists of three frequencies that lie in the 
theoretically desired range both in themselves and for the fundamental frequency. Compared to Front Alert, the third 
frequency is lower. The attack time has been modified, and the click-sounds in the end taken away. A table with 
values for the original and modified signal is found in Shahnazarian (2011).  
 
Between the modified Front Alert and Lane Departure, Front Alert is considered more urgent (p=0,001). This could 
be due to the higher frequency or the signal length (shorter for Front Alert) and the number of repetitions (higher for 
Front Alert). 
 
The original and modified version differ significantly in Annoyance Level (p=0.021), Sharpness (p<0.01), Strength 
(p=0.003) and Pleasantness (p=0.001). The modified signal scores lower in all of these parameters except 
Pleasantness,  see  Figure  31.  The  sound  level  was  similar  for  both  signals.  As  for  Front  Alert,  the  difference  in  
frequencies does not seem to affect perceived urgency. The recorded value for Sharpness for the modified signal is 
0.6 acum lower than the original. These figures point towards the possibility of creating less annoying and strong 
signals with no significant difference in urgency or attention demand; both desired features for this warning. The 
measured loudness for the modified signal is 1.7 sone higher for the original. This could affect the perceived 
strength. The measured Roughness is five times greater for the original signal than for the modified. However, this 
was  not  noticed  by  the  respondents.  The  difference  in  Ta  was  20  ms,  but  it  is  not  clear  how  this  difference  has  
affected the respondents. Figure 31 shows that the signals have mean score values around the middle (4-5 of 7) for 
Urgency and Attention Demand. Higher values are desired for this signal.  
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Figure 31. Graph displaying values for Original and Modified Lane Departure. 

Lane Departure 9-5 is described as Attention Demanding by six respondents and the modified one by five, see Table 
5. The pair wise comparison also showed no significant difference between these values and therefore it is assumed 
that this parameter has been kept fairly constant. However, the modified signal is also described as Not Emergency 
by seven respondents and has only one response as Warning. This is not preferable since it is a high-urgency 
warning. The original signal is, just like for Front Alert, described by the word Ringtone. This could equal 
Synthetic, a description given to the modified Lane Departure since common ringtones have a synthetic sound. 
However, Ringtone is a signal that needs attention and action, Synthetic does not. The original signal has a larger 
spread on its results and seems to have been more difficult to pin point. 
 

Table 5. Words used to describe Lane Departure signals. 

Original Modified 
6 Attention Demanding  5  
3 Warning  1  
3 Kind  3 Cute 
3 Fast  1  
2 Ringtone 3 Synthetic  
  7 Not Emergency 
  3 Reminder  
7 Other  3  
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Front Parking Assist 
The original signal consists of one frequency while the modified consists of three frequencies that lie in the 
theoretically desired range both in themselves and for the fundamental frequency. The attack time has been modified 
to fit the theoretically desired values. A table with values for the original and modified signal is found in 
Shahnazarian (2011).  
 
The original and modified signals differ significantly in Annoying (p=0.019), Urgency (p=0.036), Sharpness 
(p=0.014) and Strength (p=0.035). Figure 32 shows that modified signal scores lower in these parameters. This can 
be compared to the recorded value for Sharpness where the modified signal scores higher than the original (3.3 
acum versus 2.15). Why there is a significant difference in the other direction by the respondents is unclear. The 
modified signal measures higher in Loudness despite the lower sound level (-4 dB compared to the original signal). 
This could be due to the higher amount of frequencies in the signal.  
 
 
 
 

 

 

 

 

 

 

Figure 32. Graph displaying values for Original and Modified Front Parking Assist. 

Twice as many respondents, 6 versus 3, describe the original signal as Attention Demanding, see Table 6. However, 
the pairwise comparison does not show any significant difference between these. Four respondents each describe the 
signals with Warning. Despite scoring the same at attention and warning, the original signal is described with 
Annoying while the modified has words such as Pleasant. However there was no statistical difference between 
levels of Annoying. In Urgency, Directness of Start and Attention Demand the signals scored acceptable mean 
values, see Figure 32; lower than high-urgency signals but still not low.  
 

Table 6. Words used to describe Front Parking Assist signals. 

Original Modified 
6 Attention Demanding  3  
4 Warning  4  
3 Annoying    
2 Not Urgent    
  6 Synthetic  
  3 Reminder  
  2 Square  
7 Other  8  
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Rear Parking Assist 
The original signal consists of one frequency while the modified has three. The attack time has been modified to fit 
the theoretically desired values. A table with values for the original and modified signal is found in Shahnazarian 
(2011). In general, the frequencies for this signal are lower than the previous ones, especially Front Parking Assist, 
since it is supposed to inform of an event occurring from the behind.  
 
The original and modified differ significantly in Level of Attention Demand (p=0.028), Sharpness (p=0.045) and 
Strength (p=0.01).  Figure  33  shows  that  modified  signal  scores  less  in  these  parameters.  The  original  signal  is  
assumed to be more attention demanding because it has a shorter Ta in combination with a slightly higher sound 
level. It is interesting that the modified signal, despite this, is higher in measured loudness (by 1.8 sone). Again, this 
is assumed to be due to the number of frequencies. Shahnazarian (2011) shows that there is a difference between the 
measured values for Roughness. However, there is no statistical difference between the respondents’ answers for 
Roughness.  
 
 
 
 

 

 

 

 

 

 

Figure 33. Graph displaying values for Original and Modified Rear Parking Assist. 

Seven respondents have described the original signal as Attention Demanding while only five respondents have 
given the modified signal this value, see Table 7. The pairwise comparison did give a significant difference for 
Attention Demanding pointing in the same direction. Despite this, the original is described as a not so serious 
warning while the modified is described as a regular warning. The original signal is described as Soft while 
modified signal is described with Calm, both of which are desired values for a warning at this level. This can be 
connected to Pleasant that did not show any statistical difference between the sounds. The category Other is much 
smaller for the original signal (four versus ten replies) than the modified, showing that more respondents used the 
same kind of words for the original signal and that it might have been easier to recognize. In Urgency, Directness of 
Start and Attention Demand the signals scored acceptable mean values, compare Figure 32 and 33, at around the 
same values as for Front Park Assist.  
 

Table 7. Words used to describe Rear Parking Assist signals. 

Original  Modified 
7 Attention Demanding  5   
6 Not Serious Warning  6 Warning 
4 Sharp   
4 Soft 2 Calm 
2 Sad   
2 Muffled 3  
2 Pleasant   
  4 Organ 
  2 Reminder 
  2 Hollow 
4 Other 10  
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Seat Belt Reminder 
The original signal consists of one frequency while the modified has two. Two frequencies were considered enough 
for a low urgency signal. A lower frequency, in the desired range for the fundamental frequency was added to 
counteract masking. A table with values for the original and modified signal is found in Shahnazarian (2011). This 
signal is regulated by law, (FMVSS 208 §S7.3). The more disturbing or annoying it is, it the higher values it tends to 
score.  
 
The two signals for Seat Belt Reminder do not differ statistically in the parameters studied. Therefore, none of the 
differences in Figure 34 are statistically significant. However, there is a tendency for the modified signal to be less 
Annoying and Urgent. The sound level is equal for both signals played in the Simulator car. However, the Loudness 
has a higher measured value for the modified signal. This is assumed to be due to the added frequency. The 
modified signal is less sharp in the recorded values. A tendency towards this can be seen in Figure 34. The lower 
sharpness, accompanied by the tendency for lower strength shown in Figure 34 could be the reason why Annoying 
seems to be lower, however, it is not clear by how much 
 

 
Figure 34. Graph displaying values for Original and Modified Seat Belt Reminder. 

There is, as mentioned, no significant difference between Attention Demand for these signals. This is consistent 
with what Table 8 shows, where four and three respondents described the signal with this. However, four 
respondents did describe the original signal as Warning while the modified one did not get this description at all. 
Five respondents describe the original signal as Slightly Annoying while two describe the modified one as 
Annoying. As mentioned, annoying is preferred for this signal. However, this study was performed with very few 
repetitions, and it should be assumed that the signal becomes more annoying with time. 
 
Table 8. Words used to describe Seat Belt Reminder signals. 

Original  Modified 
2 Attention Demanding  2   
5 Slightly Annoying  2 Annoying 
5 Too High Pitch    
4 Sharp   
4 Warning   
3 Reminder 4  
3 Slow   
  2 Nice 
  2 Unusual 
11 Other 12  

 
Key in Ignition 
The Key in Ignition signals were compared to each other.  
 
All three cars show a lower sound level of 10 dB or more when played in the Simulator car. The measured Loudness 
is much lower in the Simulator car for all signals. For 9-5 and BMW, the Roughness is lower in the Simulator car, 
but not the Sharpness. For 9-3 both values are somewhat stable in both situations. This could be due to the greater 
number of frequencies or because the fundamental frequency is higher than for the other two signals. 
 
In Figure 35, 9-5 is represented by a black line. 9-5 differs significantly in Annoyance Level with 9-3 (p<0.01) and 
BMW (p=0.033), as seen in Figure 35 where 9-5 has the lowest scores. This could be because 9-5 has one frequency 
at 750 Hz while the others have mainly higher frequencies. In Urgency, 9-5 differs with BMW (p<0.01), where 9-5 
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is considered more urgent, probably because of its shorter attack time, and its many repetitions. 9-5 differs in Level 
of Attention Demand with 9-3 (p=0.006) and BMW (p=0.014), lying in between these two. It differs in Sharpness 
with 9-3 (p<0.01) and BMW (p=0.001), scoring much lower than both. This is probably because it does not have 
high frequencies. The measured sharpness shows the same results. In Strength it differs with 9-3 (p=0.002), also 
here scoring much lower. In Pleasantness, it differs with both 9-3 and BMW (p<0.01), scoring much higher than 
both. This could be due to the fact that it only contains one frequency which is not too piercing, while the others are 
more complex and have several harmonics at high frequencies. In Quality, 9-5 also scores much higher than both 9-
3 and BMW (p<0.01).  
 
 
 

 

 

 

 

 

 

Figure 35. Graph displaying values for Key in Ignition for Saab 9-5, Saab 9-3 and BMW. Values for 9-5 are 
compared to 9-3 and BMW. 

In Figure 36, 9-3 is represented by a black line. 9-5 is not included since it has already been discussed. 9-3 differs 
significantly with BMW in Annoyance Level (p=0.005), Urgency (p<0.01), Directness of Signal Start (p=0.028), 
Level of Attention Demand (p<0.01), Sharpness (p<0.01) and Strength (p<0.01). 9-3 does have above the suggested 
theoretical range. As seen in Figure 36, it lies well above the values for BMW in these parameters. Here, it can be 
assumed that the higher frequencies the sharper and stronger the signal seems and the more annoying it is.  
 
 
 

 

 

 

 

 

 

Figure 36. Graph displaying values for Key in Ignition for Saab 9-3 and BMW. 

Table 9 shows the words used to describe the signals for Key in Ignition. For 9-5 five respondents have used the 
word Pleasant, consistent with Figure 35 where 9-5 scores significantly higher. It is also described as a Reminder 
and a Warning which is slightly Attention Demanding. 9-3 is also described as a Reminder and Warning but seems 
to be more Attention Demanding and is described by negative words such as Annoying, Squeaky and Sharp. This is 
also consistent with the significant differences shown in Figure 35. The signal for BMW is only played once. It is 
primarily described as Synthetic. It can be discussed how well it fulfills its purpose when only played once, since it 
easily can be disregarded. The difference in Attention Demand and Sharpness between BMW and 9-3 displayed in 
Figure 35 are also shown in the descriptions seen below in Table 9. 
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Table 9. Words used to describe Key in Ignition signals. 

9-5 9-3 BMW 
3 Slightly Attention Demanding  3 Attention Demanding   
4 Reminder 4    
3 Warning 3    
5 Pleasant     
2 Long 3  2 Short 
  5 Sharp 3  
    Squeaky   
  3 Annoying   
  2 Persistent   
    5 Synthetic 
    4  Clock 
    2 Boring 
    2 Cheap 
13 Other 9  12  

 
Turn Signals 
The Turn Signals were not modified, but compared to each other.  
 
The measured Loudness is lower in the simulator car, except for the first signal in A6. The Roughness is higher for 
9-5  and the  first  signal  in  A6.  The sharpness  is  mainly  higher  for  9-5  and A6.  All  four  signals  have too low Ta.  
However, since this signal is activated by the driver, there is little risk for startle effects.  
 
In Figure 37, the line for 9-5 is marked with black. 9-5 differs significantly in Annoyance towards 9-3 (p=0.002) and 
A6 (p=0.011). As Figure shows, 9-5 has the lowest score for Annoyance. This could be because 9-5 has the lowest 
fundamental frequency. A6 is seen as the most annoying and has a higher fundamental frequency while 9-3 has very 
high frequencies. BMW does not have a significant difference towards 9-5 and is not seen as very annoying, despite 
its very high frequency component. This can be due to its high number of frequencies that level each other out. 9-5 
differs in Urgency towards  9-3  (p=0.03),  BMW  (p=0.019)  and  A6  (p=0.047)  and  also  here  it  scores  the  lowest  
values. Towards A6 it also differs in Pleasantness (p=0.002) and Quality (p<0.01), but here 9-5 scores higher than 
A6. Comparing the period length between them, 9-5 has both parts (tick-tock) at similar lengths while A6 has two 
different lengths.  
 
 
 

 

 

 

 

 

 

Figure 37. Graph displaying values for Turn Signals for Saab 9-5 compared to Saab 9-3, BMW and Audi. 

In Figure 38, the line representing 9-3 is marked with black. 9-3 does not differ significantly with BMW in any 
parameter. Therefore, the line for BMW is marked in a light shade and should be disregarded. 9-5 has already been 
discussed and is not included. 9-3 differs significantly with A6 in Annoyance Level (p=0.008) where as Figure 38 
shows, it is considered less annoying. They also differ significantly in Directness of Signal Start (p=0.037), Level of 
Attention Demand (p=0.036), Pleasantness (p=0.004) and Quality (p=0.004). In these parameters, 9-3 scores higher 
than A6. However, all signals score high values for Directness of signal Start for their level of urgency. This points 
towards the possibility of a signal being less annoying while having a more direct start and demanding more 
attention.  
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Figure 38. Graph displaying values for Turn Signals for 9-3 compared to BMW and Audi. 

None of the Turn Signals differ statistically from any of the others regarding Sharpness or Strength. For Sharpness, 
this can be since all signals lie in a close range. 
 
All four signals are described as regular Turn Signals by the words Classic, Typical, and Regular, Table 10. 
However, they all differ in sound compared to each other. From this, it can be concluded that since turn signals are 
so characteristic (tick-tock), the separate frequencies, rhythm and timbre doesn’t seem to make a difference; it is still 
recognized as a turn signal. 9-5 is described as having good quality while 9-3 is described as the opposite. This was 
also seen in the pairwise comparison. In general, A6 seem to be the least preferred of the Turn Signals, being 
described as Hollow, Boring, and Cheap. BMW is the only one described as Informing. 
 

Table 10. Words used to describe Turn Signals. 

9-5 9-3 BMW Audi 
4 Classic 4   3 Typical 4 Regular 
3 High Quality  3 Low Quality      
2 Relay   2     
2 Clock 1     4   
2 Calm   2     
2 Hollow 2     6   
2 Pleasant 2       
  3 Muffled     
  3 Mechanical   2   
    3 Fast   
    2 Informing   
      3 Boring 
      2 Cheap 
11 Other 5   9   12  
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7.3 High-Urgency Signals 
Front Alert and Lane Departure are compared to each other, original and modified signals separately. Figure 39 
shows the original signals. These differ in Urgency (p=0.001) and Attention Demand (p=0.015). Front Alert scores 
higher in both areas, just as expected and desired.  
 
 
 

 

 

 

 

 

 

Figure 39. Graph displaying values for original Front Alert and Lane Departure. 

When comparing their descriptive results, Table 11, Front Alert is described as urgent while Lane Departure is not. 
Seven respondents described Front Alert as a warning but only three did the same for Lane Departure. Six 
respondents described both signals as attention demanding. Front Alert is described with Alarm Clock while Lane 
Departure is described with Ringtone; both words connected with a required and specific action. Other shows that 
Front Alert has more spread answers and might be more difficult to describe in common terms. In Shahnazarian 
(2011), it is seen that both signals have only one frequency. There is however a difference in sound cadence where 
Lane Departure has a higher cadence, and a difference in Loudness where Front Alert is higher. Front Alert has 
seven repetitions while Lane Departure has three. As stated earlier in Chapter 3 the speed and number of repetitions, 
as well as the loudness, all affect perceived urgency.  
 

Table 11. Descriptive words for Front Alert and Lane Departure 9-5. 

 Front Alert Lane Departure 
8 Urgent   
7 Warning 3  
6 Attention Demanding 6  
4 Alarm Clock 2 Ringtone 
2 Informative   
2 Annoying   
  3 Fast 
  2 Kind 
12 Other  7  
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The modified signals only differ significantly in Pleasantness (p=0.002), as seen in Figure 40. However, there is a 
tendency for Lane Departure values to be lower than for Front Alert, except for Sharp and Strong where Lane 
Departure seems to be higher. This could explain the difference in Pleasantness. The fact that Lane Departure seems 
to be lower in Urgency and Attention Demand is not only expected but also desired and shows that the signals have 
an acceptable design. 
 
 
 

 

 

 

 

 

 

Figure 40. Graph displaying values for modified Front Alert and Lane Departure. 

Despite their difference in Pleasantness in Figure 40, none of the signals are described as more Pleasant than the 
other. Front Alert is described as Attention Demanding by nine respondents and Lane Departure by five, even 
though there is no significant difference between these, see Table 12. The modified signals have the same sound 
cadence and number of repetitions as the original signals. As shown here, their effect is not as large as expected due 
to the lack of significant difference between these signals. The two signals have the same first two frequencies, see 
Shahnazarian  (2011).  The  third  frequency  is  much  higher  for  Front  Alert.  It  is  not  possible  to  state  that  this  has  
affected perceived Urgency, or the loudness, which is equal for both signals.  
 

Table 12. Descriptions for modified Front Alert and Lane Departure. 

Front Alert Lane Departure 
3 Warning 1  
9 Attention Demanding 5  
4 Alarm Clock 3 Synthetic 
2 Informative   
1 Annoying   
  7 Not Emergency 
  3 Cute 
  1 Fast 
  3 Reminder 
7 Other  3  

 
 
Parking Assists 
A comparison between the Front and Rear Parking Assists is made. These are at the same urgency level and should 
yield the same kind of reaction from the listener. The difference in pitch should give a natural response for the 
direction of the situation/needed reaction, where a high pitch should draw attention forward and a low pitch 
backward, despite that both sound from the front speakers. Therefore, most parameters should not show any 
significant difference between sounds. This is a signal that sounds throughout the whole parking session, decreasing 
its sound cadence as the distance to the object decreases. In this sense, the signal in itself could be considered 
annoying, but also informing. The respondents however only heard one signal representing a specific distance from 
the object.  
 
The original parking assist signals differ significantly in Annoying (p<0.01), Sharpness (p=0.001) and Pleasantness 
(p=0.002). The frontal signal is considered more annoying and sharp while the rear signal is seen as more pleasant, 
Figure 41. While it is desired that the signals score the same level for Annoying it is also desired that the score is 
kept at a low value. It is better that the signal is seen as Informing than Annoying. Therefore, the lower value for the 
Rear signal is preferred. The only difference between them at this stage is the frequency; which is much higher for 
Front Parking Assist (the Front signal has higher measured values for Sharpness). Therefore, it can be concluded 
that the frequency affects perceived annoyance and Sharpness. 
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Figure 41. Graph displaying values for original Front and Rear Parking Assist. 

The modified signals only differ significantly in one aspect; Sharpness (p=0.003), where the Front signal is 
considered sharper, Figure 42. The Front signal has a frequency component much higher than the Rear signal. Since 
all else is considered equal, see Shahnazarian (2011), it can be assumed that the higher frequency affects Sharpness. 
There is a significant difference between the Sharpness for the original and modified Front signal, as shown in 
Figure 26. This shows that the modified Front signal is lower than the original and lies closer to the value for the 
Rear signal. The Front signal value for Pleasantness now has no significant difference towards the Rear signal. It 
has increased and is now considered more pleasant.  
 
 
 

 

 

 

 

 

 

Figure 42. Graph displaying values for modified Front and Rear Parking Assist. 

After modifying the signals, only Sharpness is left as a significant difference between the signals. As only frequency 
differs between the signals, it seems to be an acceptable result that high frequencies are sharper.  

7.4 SAM scale 
The respondents were asked to fill in their experience of the signals in the two rows of a SAM-scale corresponding 
to Valence and Activation. Their mean values were plotted in Figure 43. The neutral line for both axis is marked 
with a grey line. The theoretical placement for the signals from the Affect Circumplex, Figure 2, is shown for 
comparative reasons. Note that the Valence scale is reversed here compared to the Affect Circumplex in the theory 
section.  
 
There is a clear trend between the 9-5 signals moving from the second quadrant towards the fourth. This is in line 
with the trend seen for the theoretical signals. It is however difficult to state whether the signals lie exactly on spot 
on each axis since the theoretical values better show the difference in between signals than actual values. 
 
The modified signals also move in a similar trend. However, in total both activation and valence is lower than for 
the original signal.  
 
No Front Alert signal reaches the value for high activation or negative valence that is desired for this level. Both 
signals also score low on the Valence scale. The modified signal scores much lower than the original on both 
parameters.  
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Lane Departure 9-5 has the right level of valence but lies too low in activation. However, there is a chance that this 
is due to the sound level in which case it lies in its correct place. The modified signal however lies too low in both 
aspects, even if corrected for the sound level.  
 
Front Parking Assist is defined as Caution and should lie neutral in activation and slightly towards the positive side 
for valence. This means that some action needs to be taken. However, at the speed that parking usually is performed, 
there is no need for fast reactions. The original signal lies too far up on both axis and more resembles a Front Alert. 
The modified signal has better valence level but does not bring out the right level of activation. None of the Rear 
Parking Assists either match the target score. 
 
The original Seat Belt Reminder lies too high on both axis, between the two higher warning levels. The modified 
signal lays close enough to the target value to be acceptable.  
 
Key  in  Ignition  9-5  is  much  too  high  in  activation.  9-3  is  too  high  in  activation  and  too  low  in  valence.  It  lies  
between Warning and Severe Warning. This signal is not optimal for its use. BMW is closer in activation but has a 
negative valence.  
 
All Turn Signals are fairly similar both in activation. 9-5, 9-3 and BMW all lay at acceptable values while A6 is too 
negative in valence. 

 
Figure 43. Graph displaying ratings for the signals on the Affect Circumplex. 

Advice 
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7.5 Representing Saab  
The respondents were asked whether the signals represent Saab. The answers, for each signal, are presented in 
Figure 44. Overall it can be concluded that the signals for 9-5 are seen as Saab sounds more than the modified 
signals. However, most signals in the 9-5 are made up by the same sound (2000 Hz) in different build ups while the 
modified signals differ from each other in frequency. And since the respondent group was picked among Saab 
employees, they are probably already familiar with its sound. Therefore, if one of these signals represent Saab, it 
would not be strange if they all did.  
 
The Turn Signal for Audi A6 is the only signal where a majority voted “does not fit Saab”. Front Parking Assist had 
equal amount of votes for 9-5 and the modified signal. For Rear Parking Assist however, the modified signal scored 
much lower than the original. The modified Seat Belt Reminder, Turn Signal BMW and Key in Ignition 9-3 had 
almost equal votes for each side. Key in Ignition for 9-5 is seen as more of a Saab signal than the equivalent for 9-3 
and BMW.  
 

 
Figure 44. Ratings showing how signals represent Saab as a brand. 

7.6 Summary of Results 
Urgency seems to depend negatively on sound cadence and signal length, and positively on number of repetitions. 
This goes in line with Edworthy and Helliers results shown in Table 1 and 2, page 8. They also claim that a higher 
fundamental frequency gives a higher urgency. The only evidence for this is found for Key in Ignition where BMW, 
statistically lower in urgency, has a lower fundamental frequency than both 9-5 and 9-3. No other figures are found 
supporting this. They also claim that a higher amount of repetitions give higher urgency. The only comparable 
values found between these is between original Front Alert and Lane Departure where Front Alert has a significantly 
higher urgency, as well as a higher number of repetitions (7 versus 3). No evidence has been found that the number 
of frequencies, loudness or Ta affect perceived urgency. Urgency also seems unaffected by the perceived quality of 
the signals. This opens up for the possibility to create high quality signals with unaffected urgency. Some signals 
also tend to show that pleasantness can be sustained while changing urgency.  
 
Both Front Alert and Lane Departure are moderate in their levels for urgency, directness of start and attention 
demand. Both signals may benefit from an increase in these parameters to better convey their message.  
 
There seems to be a tendency for loudness to increase with a higher number of frequencies in the signal. However, 
this is not certain since not all signal comparisons show this behaviour.  
 
Sharpness and Strength seem to affect Annoyance with a positive relationship. For the 9-5 signals, compared to their 
modified versions, every signal except Rear Parking Assist shows an increase in Annoyance together with increases 
in Sharpness and Strength. For Rear Parking Assist, Attention Demanding has increased instead of Annoying. For 
the other signals, Attention Demanding does not follow Sharpness and Strength in this manner.  
 
Annoyance also seems to be affected positively by the fundamental frequency and negatively by the number of 
frequencies used. This is seen in all comparisons between original and modified signals except for in Rear Parking 
Assist where there is no difference in Annoyance. Seat Belt Reminder only shows this as a tendency. For the Turn 
Signals, there seems to be a clear tendency for a negative relationship between quality and level of annoyance. 
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A higher Attention Demand did not show any consistent change in Annoyance or Urgency and therefore this is not 
considered an affecting factor.  
 
Changing Ta, making it reach at least 20 ms when it has been shorter, does not seem to give any significant 
differences at all. The changes in Ta Front Alert, 5 ms, did not show any reasonable difference in Activation on the 
SAM scale. The difference in Ta for Lane Departure was larger, 10 ms, and for Front Park Assist even greater, 20 
ms. However, both of these signals only showed a small difference between their activity levels between original 
and modified signal. Seat Belt Reminder was only changed 7 ms but had the same change in Activation as the two 
previous signals whereas Rear Park Assist, with a difference of 13 ms, did not show any difference in Activation. 
Therefore, no consistent results can be drawn from the difference in Ta. The same type of results are found for 
Valence as well where Ta made only small differences, and therefore, it is assumed has no affect on Valence. 
 
Concerning the original signals for Saab 9-5, Front Alert is considered more urgent than Lane Departure which is a 
desired result. There is a tendency towards an undesired difference in urgency between Front and Rear Parking 
Assists, which should give rise to equal reactions but direct attention towards different directions.  
 
The modified Front Alert and Lane Departure show similar results as the original signals where Front Alert scores 
higher values for most of the discussed parameters (except for pleasantness and quality). The scores for both 
modified Parking Assists however lie closer to each other. This is seen as an improvement over the original signals. 
 
Placing the SAM scale ratings on the Affect Circumplex shows that both original and modified signals have a decent 
line of best fit, moving from the fourth towards the second quadrant. However, the signal orders are not acceptable 
for any set of signals. As a group the modified signals score lower in activation and more positive in valence than 
the original signals. 
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8 Conclusion 
This project has a goal to increase knowledge about audio warnings and information signals already in use in Saab 
9-5, considering how they affect the driver and transmit information. Focus was put on finding which parameters 
that affect listeners in a desired, or undesired, way. Besides this, it was also desired to investigate characteristics in 
different signals to compare appropriateness for their specific use. The 9-5 signals were used to create new signals, 
modified to match theoretical criteria. These, together with the original signals for Saab 9-5, 9-3, BMW 3-series and 
Audi A6 were evaluated using a questionnaire.  
 
The investigation showing how well the signals represent Saab as a brand emphasizes the work needed for Saab to 
reach brand identity with its signals. As Figure 44 shows, page 38, this is even more important to consider when 
creating more specialized signals that differ greatly among each other, since the frequency no longer is a common 
factor to recognize. For this study to have been more revealing of Saabs brand identity as a whole, when concerning 
its auditory signals, a more thorough study should have been made on sounds from Saab 9-3, something that was not 
possible at this time.  
 
The optimal sound level for signals in vehicles has not been investigated in this project. It is up to the signal 
designer to decide which situations the signals should be adjusted after concerning idle noise, roads, speed, and 
radio and so on. It could also be considered whether sounds that are heard less frequently should be taken into 
consideration. This could include speech, ambulances and other possible traffic situations. Besides this, it should be 
noted that the signals used in this project are based upon audio systems used in cars at present, and therefore are 
restricted to pure signals, excluding all forms of auditory icons. It is possible that signals with a stronger leading 
capacity can be developed if expanding the capacities of sound systems.  
 
For future work it is recommended that user studies are made alongside the process of developing new signals. More 
work is however needed to develop study methods that have the possibility to extract only relevant information. This 
should accompany both work with urgency levels and driver reactions and also quality development and brand 
identification. Future studies would benefit from being more user oriented while taking into consideration the 
surrounding noise levels in different situations. For this to be possible, thorough work should be done on deciding 
which situations, concerning surrounding noise, that should be taken into consideration. A goal that could be set far 
into the future could in this case be signals with the possibility to adapt in sound level depending on surrounding 
noise.  

The possible combination of auditory signals with visual icons is a possibility that needs to be thought through. It is 
important to decide where the driver’s attention should be directed so that alarms can be designed for their specific 
purpose. When playing a not so serious warning, it could suffice with an informing signal that diverts the driver’s 
attention towards a warning light while a severe warning should direct the driver’s attention in the direction of 
danger and his/her actions in the direction of the desired outcome.   
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Appendix 

Appendix 1 -Questionnaire 
Sound 1 Listen to the played signal and answer the following questions and statements. 
 1 How do you feel when you hear the signal?  
 
 
 
 
 
 
 
 
 
 
 
2 Describe the sound in your own words. 
 
 
 
3 Please circle the number that best describes your experience of the signal.  
      Not at all                                    Very 
              High Quality 1 2 3 4 5 6 7 

Pleasant 1 2 3 4 5 6 7 

 What gives the signal the level that you gave Pleasant? 
 
 
 
 

Strong 1 2 3 4 5 6 7 

Sharp 1 2 3 4 5 6 7 

Rough 1 2 3 4 5 6 7 

Attention Demanding 1 2 3 4 5 6 7 

Directness of Signal Start 1 2 3 4 5 6 7 

Urgent 1 2 3 4 5 6 7 

Annoying 1 2 3 4 5 6 7 

If you have circled 4 or higher for annoying, please explain what quality of the signal that deserves 

this level. 

 

 

4 Which one of the following situations do you feel that the played signal suits for? Please circle one option. 
  

Risk for frontal collision Key left in ignition Risk for lane departure 

Seat belt reminder Front parking assist  Rear parking assist 

Turn Other   

5. Do you think this signal represents Saab? 
 

 


