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Exended Abstract 
A main function of warning and info sounds in vehicles is to 
convey a sense of the needed action. For instance, a warning 
sound that is intended to signal “stop the vehicle” should lead 
to only that action. Hence, warning and info sounds should 
lead to correct, and furthermore, the same reaction, in all user. 
In experimental psychology, the degree to which the sound 
elicits the correct action would be described as “stimulus-
reaction compatibility” (Guski, 1997). While there is some 
ongoing research on how to design auditory signals to 
optimize stimulus-action compatibility, there is currently a 
lack of theory that can guide sound design. It is our aim to 
develop a novel framework for the design and assessment of 
warning and information sounds. Here we describe a brief 
outline of our framework and implications for the creation 
and assessment of warning and information sounds in 
vehicles. 

A Framework for Design of Warning and 
Information Sounds 

The proposed framework builds on neuropsychological 
research showing that the human brain often automatically 
reacts to certain sound properties, either in a very 
fundamental way (approach/avoidance reactions linked to 
survival) or by activating associative networks 
(primes/memories from previous exposures to situations 
where the sound was experienced) (). Most importantly, the 
proposed framework suggests that emotional or affective 
reactions are the driving force of behavior or action 
(Damasio, 1994, Ledoux, 2002). Thus for a warning or info 
sound to elicit the “correct” action, it needs to induce an 
emotional reaction (Västfjäll et al., 2003).  

Figure 1 shows a simplified schematic of the proposed 
framework where sounds (upper left corner) can be processed 
along two principal routes (Ledoux, 2000; Romanski et al., 
1999 ): 1) either it will elicit immediate responses (arousal 
potential; Berlyne, 1971; Vitz, 1973) or sound properties will 
be matched to previously stored representations or 
associations (familiarity/significance check; Näätänen & 
Winkler, 1999; Näätänen et al., 1989). In both cases the 
sound will elicit both a reaction and an evaluation of the 
possible danger or threat of the situation (as signalled by the 
sounds; Blood & Zatorre, 2001). 

The upper route, arousal potential, is a preattentive 
warning system that has evolved to compute a quick 
assessment of the potential threat of the situation (Jacobsen et 
al., 2003; Ledoux, 2000; Schröger, 1997; Tiitinen et al., 
1994). This system must be extremely fast and elicit 
immediate and correct responses to ensure survival. Evidence 

points to that human are hardwired to react to certain extreme 
acoustical characteristics (loud, sharp noises with quick rise 
time; Bradley & Lang, 2000). Thus when a sound exceeds a 
certain arousal threshold it will activate fight and flight 
tendencies (Giard et al., 1995; Lang, 1995; Rauscheker, 
1998). In support of this function, some recent research has 
shown that loud noise bursts are rapidly transferred from the 
primary auditory cortex to the amygdala, a brain region 
responsible for preparing the body for approach and 
avoidance behavior (Ledoux et al., 1990). This route is likely 
rather homogenous across individuals (Owren, Rendall & 
Beharowski, 2003). 

 

Figure 1: Schematic illustration of the proposed 
framework applied to warning and information 

sounds. 

If the sound does not carry an arousal potential that 
exceeds the threshold, it will be processed by other parts of 
the brain (Belin / Zatorre, 2001; Peretz & Zatorre, 2005). 
First, the secondary auditory cortex will process the sound 
followed by associative and motor cortex areas (Edeline & 
Weinberger, 1992). Here the incoming sound will be 
compared to sound representations stored in long-term 
memory (Saarinen et al., 1992). If the sound has been 
encountered before (or resembles a sound that has been 
encountered before) it will elicit on of two possible reactions 
(Jääskelinen et al, 2004): 1) If it is an unfamiliar sound, it will 
immediately signal the same alarm system as a sound with 
high arousal potential. The same holds true if the sound 
matches a sound representation that is associated with a 
previous negative experience (Damasio, 1994; Damasio et al., 
2000). If the sound matches a previously stored representation 

2nd ISCA/DEGA Tutorial and Research Workshop on Perceptual Quality of Systems

23



it will be further evaluated on basis of it significance for 
survival (Blood & Zatorre, 2001; Tood, 2001). If our previous 
experience has coded the sound as something potentially 
threatening or coexisting with something else that may be a 
threat, the system will call for an action. If, on the other hand, 
the sound is evaluated as non-harmful no action will be 
required. This route will vary across individuals and depend 
on their previous exposure as well as culture (Tsai, Knutson 
& Fung, 2006). 

Implications for Sound Design 
This simplified framework has several implications for 
sounds design of warning and information sounds. First, it 
postulates that warning sounds should have a certain degree 
of arousal potential so that it evokes an immediate correct 
response. The main task for future research here is to map the 
arousal potential of various sounds and create sounds that 
have just the right amount of potential. Too much may result 
in freezing behavior and incorrect responses (Panksepp & 
Bernatsky, 2002). Second it suggests that both information 
and warning sounds would benefit from have sound elements 
that are familiar (such as auditory icons that rely on naturally 
occurring sounds to convey information; Gaver, 1993). Third, 
the proposed framework suggest that emotional reactions to 
sounds is a common currency with which the urgency, 
behavioral significance and need action will be evaluated 
against (Damasio et al., 2000). 

Implications for Assessment of Warning and 
Information Sounds 

This also suggests that when assessing the effectiveness of 
warning and information sounds affective reactions should be 
measured along with process measures (reaction time and 
decision) of the action. Proposals for measures include 
subjective, behavioral and physiological indices (Burt et al., 
1995; Västfjäll, 2002; 2003). 
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