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Abstract 

Research has shown the existence of perceptual and neural bias towards sounds perceived 

as sources approaching versus receding a listener. It was suggested that a greater biological 

salience of approaching auditory sources may account for these effects. Also, that these effects 

may only hold for those sources critical for our survival. In the present study we bring support to 

these hypotheses by quantifying the emotional responses to different sounds with changing 

intensity patterns. In two experiments, participants were exposed to artificial and natural sounds 

simulating approaching or receding sources. The auditory-induced emotional effect was reflected 

on the performance of participants in an emotion-related behavioral task, their self-reported 

emotional experience and their physiology (electrodermal activity and facial electromyography). 

The results of this study suggest that approaching unpleasant sound sources evoke more intense 

emotional responses in listeners than receding ones, while such effect of perceived sound motion 

does not exist for pleasant or neutral sound sources. The emotional significance attributed to the 

sound source itself, the loudness of the sound and loudness change duration seem to be relevant 

factors in this disparity.  

Keywords: emotion, biological salience, auditory sources, approaching, looming 
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Embodied Auditory Perception: The Emotional Impact of Approaching and 

Receding Sound Sources 

Plenty of research during the last decades has been trying to understand how the physical 

parameters of sensory information relate to our perception, interpretation and response to events. 

However, there are still many unknowns in this area. The current research contributes to extend 

knowledge by focusing on the perception of sounds with changing intensity level, and to a larger 

extent, approaching versus receding sound sources. Previous sound research has found 

asymmetries, both at perceptual and neural levels, in detecting and responding to sounds with 

rising versus falling intensity level. Sounds with rising intensity level tend to be judged as being 

louder (c.f. Susini, McAdams, & Smith, 2007; Stecker & Hafter, 2000), having a higher loudness 

change (as assessed by global loudness ratings; Neuhoff, 1998; Neuhoff, 2001; Susini, 

McAdams, & Smith, 2007) and being longer in perceived duration (DiGiovanni & Schlauch, 

2007; Grassi & Darwin, 2001; Schlauch, Ries, & DiGiovanni, 2001) than those with decreasing 

or with constant intensity level. Similarly, a directional sensitivity for sounds with rising 

intensity over those with falling or constant intensity level seems to exist also at neural level, as 

found both in animal (Maier, Chandrasekaran, & Ghazanfar, 2008; Maier & Ghazanfar, 2007; 

Romei, Murray, & Thut, 2008) and human research (Bach et al., 2008; Romei, Murray, & Thut, 

2008; Seifritz et al., 2002). Interestingly, these asymmetrical effects are not general to all sorts of 

sound sources: Previous research has shown the existence of an asymmetry in loudness or 

duration judgments between sounds with increasing versus decreasing intensity level for tones, 

synthetic vowel sounds (Neuhoff, 1998), words and a drum strike (DiGiovanni & Schlauch, 

2007), but not for broadband noise (Neuhoff, 1998).  
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In view of these findings, some authors have adopted an ecological perspective and 

suggested that a greater biological salience of sounds with increasing intensity level might 

account for these effects (Guski, 1992; Maier & Ghazanfar, 2007; Neuhoff, 1998; Neuhoff, 

2001; Neuhoff, Planisek, & Seifritz, 2009; Stecker & Hafter, 2000). This view considers that 

rising/falling-intensity level sounds are mostly perceived as approaching/receding sound sources 

(e.g., Maier & Ghazanfar, 2007; Neuhoff, 2001), given that auditory research has shown that 

intensity change seems to be the most salient cue for auditory motion perception (Lutfi & Wang, 

1999; Rosenblum, Carello, & Pastore, 1987). Then, these authors propose the existence of a 

“perceptual priority” for detecting approaching vs. receding sound objects. Moreover, it has been 

suggested that the fact that the effect is limited to tones or tone-like sounds is due to these sounds 

being similar to natural sounds that might be critical for our survival (Neuhoff, 1998).  

In fact, there is some evidence from research with natural sounds pointing to the 

existence of such perceptual priority for approaching sources: People are able to anticipate the 

time to contact of both visual and auditory approaching sources (Gordon & Rosenblum, 2005; 

Neuhoff, 2001; Rosenblum, Carello, & Pastore, 1987; Rosenblum, Wuestefeld, & Saldana, 1993; 

Schiff & Oldak, 1990). Overall, ample research on moving objects has shown that animals have 

evolved to process dynamic information in a different way than static information (Ghazanfar, 

Neuhoff, & Logothetis, 2002; Maier, Neuhoff, Logothetis, & Ghazanfar, 2004; Neuhoff, 2001; 

Schiff, Caviness, & Gibson, 1962). An example of this asymmetry in the processing of static and 

dynamic information can be found in the so-called ‘flash-lag effect’ in which a brief flash 

presented physically aligned with a moving object appears to lag behind the moving object (e.g., 

Mackay, 1958). This effect is not restricted to vision since a similar effect has been found on 
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audition, with a brief tone spatially aligned with a moving sound source, and it can also occur 

cross-modally, as shown between audition and vision (Alais & Burr, 2003). Possible 

explanations for these effects include that our brain may be able to extrapolate the dynamic 

information of a moving object to predict its future location (e.g., Nijhawan, 1994) or that 

moving stimuli may evoke a larger attention shift than static ones (Baldo & Klein, 1995). A 

“perceptual priority” for moving objects provides a significant survival advantage that might be 

critical for the case of objects approaching our body, since they may potentially threat our safety 

(e.g., Neuhoff, 1998). In this case, a perceptual priority for detecting approaching objects would 

increase the time and the attentional resources available to avoid those objects. 

However, to the best of our knowledge, there is still not formal evidence of a greater 

biological salience or perceptual priority of approaching over receding sound sources1. There is 

also a need for support for the hypothesis that the approaching/receding disparity is limited to 

sources critical for our survival. One possibility to bring support to these hypotheses is to 

quantify the emotional responses of listeners to different approaching/receding sound sources, 

because emotional responses are directly linked to salience, and ultimately, to survival. In its 

most basic form, affect (or emotion) can be seen as the human alarm system (LeDoux, 1996): 

Negative affect signals a potential threat and the need for taking an action. In this way, emotions 

serve to establish our position vis-à-vis our environment (Levenson, 1994) and to keep a constant 

margin of safety around our body (Damasio, 1999; Graziano, 2001). Any alterations in the 

position of nearby objects with respect to us (to our body) may activate our alarm system and 

this might be especially the case when the objects detected are rapidly approaching us. Some 

previous evidence in this line suggests that tones with rising versus falling intensity level 
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facilitate activation of the amygdala, a brain region identified as a warning area (Bach et al., 

2008). Besides, the same study showed that approaching sounds, compared to receding or static 

sounds, enhance autonomic orienting response, as measured by heart rate and electrodermal 

responses. Approaching sounds were found to accelerate reaction times (RTs) to auditory 

(constant intensity tones), but not to visual, targets in a subsequent Go-NoGo-task. Those effects 

on autonomic orienting response and speed of RTs might be attributed to emotional processes, 

but still, a direct link with emotion needs to be established. Emotions arise in response to 

significant events and evoke an automatic, frequently prior to awareness, response that 

modulates the subsequent attentional, perceptual and behavioral processes (Barrett, Niedenthal, 

& Winkielman, 2005; Öhman, 1993; Phelps & LeDoux, 2005; Phelps, Ling, & Carrasco, 2006). 

For instance, in visual dot-probe tasks facilitation in reaction time is observed when the target (a 

dot-probe) appears after a short-time interval at the same location as emotional eliciting stimuli 

(e.g., an angry face in Bradley, Mogg, & Millar, 2000). 

Hence, the specific aim of the current studies was to investigate listeners’ emotional 

responses to sounds perceived as approaching or receding auditory sources. We adopted a 

perspective of embodied emotion (e.g., Niedenthal, Barsalou, Winkielman, Krauth-Gruber, & 

Ric, 2005; Niedenthal, 2007), which considers that in the interaction with the environment our 

body plays a major role. It acts as a reference frame (Damasio, 1999) and forms the basis for all 

information processing, including cognitive, perceptual, emotional and action response 

processing (see embodied theories, e.g. Niedenthal, et al., 2005; Niedenthal, 2007). In addition, 

we considered a motivational approach to emotion that assumes that affect is processed by at 

least two specialized systems, an approach and a defense system, in charge of processing 
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appetitive (i.e. positive) and threat-related (i.e. negative) information, respectively (Cacioppo & 

Gardner, 1999; Lang, Bradley, & Cuthbert, 1990). This approach allows characterizing emotions 

in terms of two continuous dimensions: Valence or pleasantness (positive versus negative) and 

arousal or activation (excited versus calm; Lang, 1995; Russell, 1980). We combined different 

measures of emotional reactions: subjective, physiological and behavioral measures. We 

included one novel behavioral measure which quantified the reaction times to emotional 

photographs presented after the different sound conditions, thus, directly assessing the emotional 

impact of listening to the sounds. In two experiments we questioned whether (1) the perceived 

change in spatial distance of sound sources influences the attributed significance and the 

emotional responses to them, and whether (2) the effects are the same for all types of sound 

sources or rather there is an interaction between their physical and semantic parameters. In other 

words, we looked at whether the disparity is dependent on listeners’ categorization of auditory 

source as being a potential threat or not. A previous study in the visual domain found that 

unpleasant pictures perceived as approaching led to more intense self-reported emotional 

experience and to increased startle responses than unpleasant pictures perceived as static or 

receding (Muhlberger, Neumann, Wieser, & Pauli, 2008). No such effects of perceived source 

motion were observed for neutral and pleasant pictures. The authors attributed this effect of 

picture motion, which was only observed for unpleasant stimuli, to a “negativity bias” (e.g., 

Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001). The negativity bias can be described as an 

urgent survival-related need to undertake specific actions against potential threats; a need that 

does not exist when exposed to neutral or pleasant events. We expected similar effects for the 

case of moving auditory sources, especially since the auditory system is considered to act as a 
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warning system (e.g., Juslin & Västfjäll, 2008). The auditory system has been characterized as a 

change detector that responds to certain sound properties indicating a rapid change (e.g., sudden 

noise, increase or decrease in intensity or pitch, sensory dissonance), which might convey 

danger, by producing an increased activation of the central nervous system (brain stem reflex; 

c.f. Juslin & Västfjäll, 2008). 

 To begin with, Experiment 1 included artificial tones, similar to those used in most of 

previous research (e.g. Neuhoff, 1998). We collected behavioral (Experiments 1a and 1b), 

subjective and physiological (Experiment 1c) responses to tones with increasing or decreasing 

intensity level. We experimented with tones with different ramp durations and intensity ranges. 

From an ecological perspective, the intensity ramp duration of a sound source is associated to the 

source velocity, and the intensity range, with size or proximity of the source to the listener. If the 

asymmetry between sounds with rising and falling intensity levels is due to rising tones being 

more salient or categorized as a potential threat, then we expected that:  

 

(1) Rising intensity tones will elicit more unpleasant and arousing emotional responses 

than falling intensity tones, because approaching sources may represent a bigger threat to 

the listener than receding sources;  

 

(2) these emotional responses will be modulated by ramp duration and intensity range of 

the sounds, given the ecological implications of these physical parameters (velocity, size, 

proximity).   
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Hence, with Experiment 1 we aimed to extending previous research on artificial tones 

and providing support to the biological salience hypothesis proposed by some authors. 

Subsequently, we investigated to what extent the effects observed using a simple tone could be 

affected by the manipulation of the nature of the auditory source: In Experiment 2 we included 

natural sounds differing on their conveyed emotional significance. We questioned whether the 

effects hold for all types of sound sources or there is a negativity bias for auditory moving 

sources, similar to the one observed for visual sources. Thus, our hypothesis was that:  

 

(3) The approaching/receding disparity is dependent on the type of auditory source, 

specifically, on the auditory source itself being categorized as a potential threat.  

 

Similarly to many of the previous studies in this area, the present research adopts an 

analogy between rising/falling-intensity level sounds and approaching/receding auditory sources 

(for the sake of simplicity, these will be referred to as approaching/receding sounds in the rest of 

the text). 

Experiment 1 

In Experiment 1 we investigated the emotional responses to approaching or receding 

artificial sound sources. Approaching and receding sounds (i.e. sound sources) were simulated 

by tones rising or falling in intensity level, respectively. Our hypothesis was that approaching 

tones would lead to more intense emotional responses in listeners compared to receding tones. 

Emotional responses were assessed by a multi-level measurement approach to emotional 

responses that combines behavioral, subjective and physiological measures (Bradley & Lang, 
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2000). In particular, Experiments 1a and 1b explored the effect of sounds on the behavior on a 

subsequent emotion-related task. In Experiment 1c, we investigated the subjective and 

physiological emotional effects of listening to the different sounds. For the behavioral task, 

unpleasant-arousing and neutral photographs were presented after the tones for a speeded 

alternative forced-choice task. If auditory approaching sources are more significant than receding 

ones, we expected faster RTs to photographs presented after approaching versus receding sounds 

(Hypothesis 1). Moreover, if this approaching/receding disparity is due to listeners categorizing 

approaching sound sources as potential threats, we expected that the asymmetry in RTs to 

photographs presented after approaching vs. receding sounds would be larger for the unpleasant-

arousing photographs, as compared to the neutral ones (the negativity bias; Hypothesis 2). We 

expected that the asymmetry between approaching/receding tones would be reflected also at 

subjective and physiological levels; in other words, that approaching tones would be subjectively 

rated as more arousing and unpleasant (Hypothesis 3), and elicit larger physiological changes in 

listeners (Hypothesis 4) than receding tones. These hypotheses were examined with tones 

increasing and decreasing in intensity level, with three different durations of intensity ramp 

(Experiments 1a and 1c) and with two different ranges of intensity change (Experiments 1b and 

1c). We expected that the emotional responses to the different sounds would be modulated by 

ramp duration and intensity change (Hypothesis 5): In a natural context, short sounds inform of 

rapid changes and high-energy dissipation; thus, they may represent high forces, stiff materials, 

or rapidly moving objects, which may be felt as dangerous. Intensity may be related to power 

and size, and it is inversely proportional to the distance to the sound object; thus, loud sounds 

may become associated to danger (Herman & Ritter, 2004; Lenti Boero & Bottoni, 2008).  
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Experiment 1a 

Methods 

 Participants. 12 participants took part (6 females; mean age 26 years; age range: 22-34 

years). Participants had normal hearing and were naïve as to the purposes of the study. They 

were paid for their time and gave their informed consent prior to the inclusion in the study. The 

experiments were conducted in accordance with the ethical standards laid down in the 1964 

Declaration of Helsinki. 

 Apparatus, materials and data collection. The experiment was conducted in a dark 

sound-attenuated room where the participants seated in a chair. The auditory stimuli were 

delivered binaurally via headphones (Sennheiser HD-414) and consisted of 1 kHz pure tones 

(44.1 kHz sampling rate) rising or falling in intensity level. The range of intensity change was 

from 68 to 86 dBA (as measured at the participant’s ear position), and the duration of intensity 

ramp varied between three possible values (1, 2 or 3 s). To avoid startle response all stimuli were 

preceded and followed by a 300 ms constant intensity tone (Maier & Ghazanfar, 2007), thus 

resulting in stimuli with a total duration of 1.6, 2.6 or 3.6 s (see Figure 1). A 10 ms onset/offset 

ramp was applied to the auditory stimuli to prevent clipping. 

 Visual stimuli were presented with a LCD-screen positioned in front of the participants at eye 

level and 0.5 meters away from them. Image resolution was 1024x768 pixels and the visual 

angle for the images was 37°×30°. The visual stimuli consisted of fifteen ‘neutral’ and fifteen 

‘negative, moderate emotion-arousing’ photographs (referred as ‘negative’ or ‘unpleasant’ 

photographs later in the text) taken from the International Affective Picture System (IAPS; Lang, 
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Bradley, & Cuthbert, 1997). Their mean IAPS normative valence and arousal ratings (in a 9-

point scale) for ‘neutral’ photographs were 4.9 ± 1.1 (± standard deviation (SD) indicated) and 

2.6 ± 1.8, respectively, and for ‘negative’ photographs, 3 ± 1.6 and 5.2 ± 2.2. ‘Neutral’ 

photographs depicted mushrooms or home objects, while ‘negative’ photographs showed ruins, 

dirtiness, accidents or guns. In addition, six ‘positive’ stimuli (mean valence and arousal ratings 

were 7 ± 1.8 and 4.8 ± 2.2 respectively) were included as a contrast to ‘negative’ photographs, in 

order to avoid a response bias in participants towards ‘neutral’. Responses to the trials with 

‘positive’ photographs were not included in the analysis of the results. Finally, six extra 

photographs were used to instruct participants in their tasks for the experiment.  

A game pad held in the participant’s hands was used to collect participant’s data. 

Presentation® software (Version 9.90) was used to control stimuli delivery and record responses.    

Design. The experimental trials consisted of a pair of stimuli formed by a tone followed 

by a photograph. The photograph was ‘positive’ (not analyzed), ‘neutral’ or ‘negative’. The tone 

was either rising or falling in intensity level, which is referred to as, respectively, ‘approaching’ 

or ‘receding’ sound later in the text. The duration of intensity ramp varied between three possible 

values (1, 2 or 3 s); this resulted in twelve possible conditions with a 2 x 3 x 2 factorial design 

(Sound Direction [approaching, receding] x Ramp Duration [1, 2, 3 s] x Picture Emotional 

Valence [Negative, Neutral]).  

 Procedure. Participants arrived individually to the laboratory. At the start of the 

experimental session, the headphones were positioned. Participants were instructed to centrally 

fixate the screen during each experimental trial and to perform a speeded three-alternative 

forced-choice (3AFC) task regarding their feelings towards the photograph (‘positive’, ‘negative’ 
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or ‘neutral’; ‘neutral’ was defined as “neither positive nor negative”).RTs for each trial were 

collected. The speed of responding was emphasized to participants, but they were also instructed 

to refrain from making anticipatory responses. Responses were given by pressing one out of 

three buttons in the gamepad. The participants completed a practice block with 6 trials to 

familiarize themselves with the experimental paradigm. Next, the participants completed two 

experimental blocks with each experimental condition presented 15 times within the block plus 6 

extra trials with positive photographs (which were not considered in the subsequent analysis). 

This resulted in 186 trials per block. The different stimulus conditions were presented randomly, 

with an inter-trial interval of 3.5 s. During the last 2.5 s of this inter-trial interval a countdown 

from 5 to 1 was presented, which was intended to avoid confounding effects of startle response 

to the auditory stimuli. In this countdown, numbers were displayed in the screen for 500 ms, with 

numbers from 5 to 3 accompanied by a 250-ms 1 kHz tone, 86 dBA. Figure 1 schematically 

represents the time course for the trials. Each block of trials lasted on average for 15 minutes. 

Participants had a short break between blocks.  

[Insert Figure 1 about here] 

Data analyses. RTs exceeding ±3 standard deviations from the mean RT for each participant 

were recursively discarded (e.g., Kitagawa & Spence, 2005). Repeated measures analyses of 

variance (ANOVA) were performed on the RT data from the various different conditions. The 

within-participants factors differed for each of the experiments. Alpha level was fixed at 0.05 for 

all statistical tests. Greenhouse-Geisser correction was used to correct for unequal variances. 

Significant effects by ANOVA were followed by paired t-test comparisons.  
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Results 

On average, a total of 92.6 ± 2.6 percent (± SD indicated) of the trials from each 

participant were included in the data analyses of the RTs. The within-participants factors for the 

ANOVA were ‘sound direction’ (approaching or receding), ‘ramp duration’ (1, 2 or 3 s) and 

‘picture emotional valence’ (negative or neutral). The results (see Fig. 2A – left panel) showed 

that there was a significant main effect of each of the factors. For ‘sound direction’, the RTs 

were significantly faster (15 ms) for photographs presented after approaching versus receding 

sounds (F(1, 11) = 7.975; p = .017). The ‘ramp duration’ had a significant effect on the RTs 

(F(1.9, 21) = 10.36; p < .001), with faster RTs for photographs presented after sounds with a 

ramp duration of 2 or 3 s, as compared with those presented after the 1 s-ramp sounds. Follow-up 

comparisons (paired t-test) revealed significant differences (p < .01) between 1 and 2 s-ramps 

and between 1 and 3 s-ramps, but not between 2 and 3 s-ramps (p = 1). Finally, for the factor 

‘picture emotional valence’, RTs were facilitated (more than 70 ms) for negative vs. neutral 

photographs (F(1, 11) = 14.4; p = .003). In fact, the difference between approaching and 

receding sounds in RTs to photographs was more evident in the responses to negative 

photographs, compared to those to neutral photographs (see Fig. 2A – left panel). Follow-up 

comparisons revealed that the approaching/receding difference for the 3 s-ramp sounds was 

significant for negative but not for neutral pictures (t(11) = -2.5; p = .028). No other significant 

interactions between factors were observed.  
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Experiment 1b 

Methods 

 Participants. 16 participants took part (7 females; mean age 25 years; age range: 21-43 

years). Participants had normal hearing and were naïve as to the purposes of the study. They 

were paid for their time and gave their informed consent prior to the inclusion in the study. The 

experiments were conducted in accordance with the ethical standards laid down in the 1964 

Declaration of Helsinki. 

 Apparatus, materials and data collection. The experimental set-up, visual stimuli and 

data collection were identical to those used in Experiment 1a. The auditory stimuli differed in 

that in Experiment 1b, the duration of intensity ramp was fixed to 2 s, and there were two 

possible ranges of intensity change, ‘loud’ (68-86 dBA) and ‘soft’ (50-68 dBA). Critically, ‘soft’ 

sounds had lower intensity level than ‘loud’ sounds at any point (analogous to the design in 

Maier & Ghazanfar, 2007). 

Design. In Experiment 1b, the ramp duration was fixed to 2 s, but the range of intensity 

change varied between ‘loud’ and ‘soft’ ranges. This resulted in eight possible conditions with a 

2 x 2 x 2 factorial design (Sound Direction [approaching, receding] x Intensity Range [Loud, 

Soft] x Picture Emotional Valence [negative, neutral]).  

Procedure and data analyses. The procedure and data analyses were identical to those 

described for Experiment 1a, except that the experimental design resulted in 126 trials per block. 
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Results 

On average, a total of 94 ± 3.4percent (± SD indicated) of the trials from each participant 

(range: 87.1-97.5) were included in the data analyses of the RTs. The within-participants factors 

for the ANOVA were ‘sound direction’ (approaching or receding), ‘intensity range’ (loud or 

soft) and ‘picture emotional valence’ (negative or neutral). The results (see Fig. 2A – right panel) 

revealed that RTs were significantly faster (58 ms) for photographs presented after a sound with 

‘loud’ vs. ‘soft’ intensity level (F(1, 15) = 6.8; p = .02). For ‘picture emotional valence’, RTs 

were faster (more than 65 ms) for negative vs. neutral photographs (F(1, 15) = 8.6; p = .01). A 

significant interaction between ‘sound direction’ and ‘picture emotional valence’ was observed 

(F(1, 15) = 6.1; p = .026), which revealed that the effect of ‘sound direction’ on RTs was more 

prominent for negative photographs. To explore this effect, a second ANOVA was performed 

only in the conditions containing negative photographs. This ANOVA, containing as within-

participants factors ‘sound direction’ (approaching or receding), and ‘intensity range’ (loud or 

soft), revealed a significant main effect for each of the factors, with faster RTs for photographs 

presented after ‘loud’ vs. ‘soft’ sounds (F(1, 15) = 6.4; p = .023) and after approaching vs. 

receding sounds (F(1, 15) = 5; p = .041). 

[Insert Figure 2 about here] 

Experiment 1c 

Methods 

 Participants. 28 participants took part (13 females; mean age 27 years; age range: 18- 46 

years; 7 had also participated in Experiment 1a and 3 in Experiment 1b). Participants had normal 
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hearing and were naïve as to the purposes of the study. They were paid for their time and gave 

their informed consent prior to the inclusion in the study. The experiments were conducted in 

accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. 

Apparatus, materials and data collection. The experimental set-up was similar to the one 

described above. Experiment 1c contained all auditory stimuli from Experiments 1a and 1b, but 

did not include visual stimuli. A keyboard was used for registering participant’s self-reported 

emotional responses. Furthermore, in Experiment 1c, a BIOPAC MP150 System was used to 

record electrodermal activity (EDA, using a GSR100C amplifier) and facial electromyography 

(EMG, using EMG100C amplifiers) of participants while listening to the sounds. For recording 

EDA, surface Ag/AgCl circular electrodes with 8 mm diameter were attached to the first and 

second fingers of the participants’ nondominant hand. Facial EMG activity was recorded from 

the left Corrugator Supercilii (CS) and Zygomatic Major (ZM) muscles, using surface Ag/AgCl 

circular electrodes with 4 mm diameter. EDA is a sensitive and valid indicator for the lower 

arousal range (Boucsein, 1992), while the activity of the CS and ZM muscles is assumed to be 

linked to unpleasant and pleasant emotions respectively (Andreassi, 1995). All electrodes were 

filled with electrode paste and attached to the previously cleaned skin. Physiological signals were 

sampled (at a rate of 3125 Hz for EMG signals, and a rate of 390.6 Hz for EDA signals) and 

amplified. The digital data collection was controlled by AcqKnowledge 3.8.1 software. 

Design. Experiment 1c looked at the subjective and physiological responses to the sound 

conditions of Experiments 1a and 1b (8 sound conditions in total, including ‘approaching’ or 

‘receding’ sounds with 3 ramp durations, and with ‘loud’ and ‘soft’ versions of the 2s ramp). 

Therefore, the same two factorial designs used in those experiments, excluding the factor 
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‘picture emotional valence’ (since Experiment 1c did not include pictures), were used here (i.e. 2 

Sound Direction x 3 Ramp Duration and 2 Sound Direction x 2 Intensity Range, with the ‘loud’ 

version of the 2s ramp sounds included in both designs). 

Procedure. At the start of the experimental session the electrodes were attached. During a 

rest period of about 5 minutes, physiological recordings were tested and participants completed a 

short practice block to familiarize themselves with the experimental paradigm. Next, the 

participants completed six experimental blocks, each of them containing all eight sound 

conditions. During even blocks participants were only required to listen to the sounds, presented 

one after another with a silent inter-stimulus interval of 3 seconds. During odd blocks, after each 

sound, participants were asked to rate their feelings towards that sound using the 9-point valence 

and arousal pictorial scales of the Self-Assessment Manikin (SAM, Lang, 1980).  

Data analyses. Self-reported valence and arousal were used as dependent variables for 

two multivariate ANOVAs (MANOVAs) where Wilks’ Lambda was used as the multivariate 

criterion. For the physiological data, EDA and facial EMG recordings were individually 

inspected for possible artifacts. EMG signals were band-pass filtered from 10 to 400 Hz 

(Andreassi, 1995). Change scores were calculated separated for each EMG signal by subtracting 

the average response for each 1-second interval for the 6 seconds following sound onset from the 

mean activity during the 1 s preceding sound onset (baseline), yielding 6 time intervals per sound 

(e.g., Dimberg, 1990). The average of the change scores from 0 to 4 seconds following sound 

onset was used for the factorial analysis. For EDA signals, change scores were calculated by 

subtracting the maximum amplitude response for each 1-second interval for the 6 seconds 

following sound onset from the maximum amplitude response during the 1-second baseline. The 
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maximum of the change scores from 3 to 6 seconds following sound onset was used for the 

factorial analysis. All data were individually z-scored to control for individual differences in 

responsiveness.  

Results 

Effects on self-report. Self-reported valence and arousal ratings for the emotional 

responses to the different sounds in Experiment 1c were used as dependent variables for two 

MANOVAs. The first MANOVA, performed on the results for the ‘loud’ sounds set, containing 

as within-participants factors ‘sound direction’ and ‘ramp duration’ (2x3 design). The results 

(see Fig. 2B; higher ratings of valence and arousal represent more pleasant and arousing 

experiences, respectively) revealed that there was a significant main effect of both factors, 

‘sound direction’ (F(2, 26) = 34.4; p < .001, Λ = .274) and ‘ramp duration’ (F(4, 106) = 21.1; p 

< 0001, Λ = .31), which was significant (p < .001) for both valence and arousal ratings. It also 

existed a significant interaction between ‘sound direction’ and ‘ramp duration’ factors (F(24 

106) = 3.7; p = .007, Λ = .771), mainly reflected in the valence ratings. Approaching and longer 

sounds were perceived as more unpleasant and arousing than their counterparts.  

For the second MANOVA, performed on the results for the 2 s-duration sounds, the 

within-participants factors were ‘sound direction’ and ‘intensity range’ (2x2 design). The results 

(see Fig. 2B) showed that there was a significant effect of both factors, ‘sound direction’ (F(2, 

26) = 20.3; p < .001, Λ = .391) and ‘intensity range’ (F(2, 26) = 91.4; p < .001, Λ = .125), which 

was significant (p < .001) for both valence and arousal ratings. It also existed a significant 

interaction between both factors (F(2, 26) = 3.5; p = .046, Λ = .79), mainly reflected in the 
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valence ratings. Approaching and louder sounds were perceived as more unpleasant and arousing 

than their counterparts. 

Interestingly, the self-reported results (Fig. 2B) showed that the feelings towards the artificial 

tonal sound are mostly unpleasant (valence rating < 5). 

Effects on physiology. After individually inspecting the physiological recordings from 

Experiment 1c, ZM data of 12 participants were excluded from analysis due to the presence of 

artifacts, leaving 16 valid ZM data sets. The analysis of the results entailed two separate 

ANOVAs that examined the effects on physiology for the different sound conditions. The first 

ANOVA tested the effects of ‘loud’ sounds. The within-participants factors were ‘sound 

direction’ (approaching or receding) and ‘ramp duration’ (1, 2 or 3 s). The results (see Fig. 3) 

revealed that there was a significant effect of ‘sound direction’ on the CS (F(1,27) = 5.1; p = 

.033) and ZM muscle activities (F(1,15) = 15.6; p < .001), with approaching sounds leading to 

larger muscle response than receding sounds. The interaction between ‘sound direction’ and 

‘ramp duration’ had a significant impact on EDA (F(1.9,50) = 4.7; p = .015) and ZM muscle 

activity (F(1.9,28) = 3.6; p = .044), with larger differences between approaching and receding 

sounds for the conditions with longer ramp. A reversed pattern was observed between the 1s-

ramp sounds and the 2 and 3s-ramp sounds in the EDA elicited by approaching or receding 

sounds.   

The second ANOVA was performed on the results for sounds with 2 s-ramp duration. The 

within-participants factors were ‘sound direction’ (approaching or receding) and ‘intensity range’ 

(‘loud’ or ‘soft’). The results (see Fig. 3) showed a trend on the effect of the factor ‘intensity 

range’ on the CS activity (F(1,27) = 3.6; p = .068), with larger muscle response for ‘loud’ vs. 
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’soft’ sounds. The interaction between ‘sound direction’ and ‘intensity range’ showed a 

significant effect on EDA (F(1,27) = 4.2; p < .05), with a reversed pattern observed between 

‘loud’ and ‘soft’ sounds in the response to approaching and receding sounds. This pattern for 

‘loud’ sounds showed a larger elicited EDA for approaching than for receding sounds.  

[Insert Figure 3 about here] 

Discussion 

Experiment 1 investigated the emotional responses to tones rising or falling in intensity level. 

This experiment included several sound conditions, which differed in the duration of the 

intensity ramp and in the range of intensity change. Our main hypothesis was that if approaching 

sound sources were more salient, they would exert a more intense emotional response in listeners 

than receding sound sources. The sound influence on the emotional state of listeners was 

assessed with a behavioral emotion-related task, self-report and measuring physiology. For the 

behavioral task (Experiments 1a and 1b), we measured the reaction times to ‘negative’ and 

‘neutral’ photographs presented immediately after each of the sounds. As expected (Hypothesis 

1) approaching sounds resulted in faster RTs to photographs than those obtained for receding 

sounds. This approaching/receding disparity was especially evident in the RTs to ‘negative’ 

photographs (Hypothesis 2). These findings support the assumptions that listeners may 

categorize approaching sounds as being more salient, thus, requiring a quick action from the 

listener’s side. Moreover, approaching sounds may be specifically categorized as potential 

threats, since a negativity bias was observed when comparing conditions with ‘negative’ and 

‘neutral’ photographs.  
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Furthermore, the emotional response to approaching/receding sound sources was modulated 

by ramp duration and intensity change (Hypothesis 5). Participants had faster RTs to photographs 

presented after ‘loud’ sounds and sounds with longer intensity ramp. In a natural context, loud 

sounds may be emitted by sources that are closer to the listener, with bigger size or with more 

power than those sound sources emitting soft sounds. Hence, loud sound sources may become 

associated to danger. On the contrary, approaching sounds with a long ramp for intensity change 

may resemble a sound source approaching the listener at a lower velocity than short-ramp 

sounds. Thus, it might be hypothesized that short-ramp sounds, i.e. approaching faster the 

listener, might constitute a bigger threat to listeners than long-ramp sounds. We propose two 

tentative explanations that might account for the faster response to longer approaching sounds 

observed in our results. One possible explanation might be found in the fact that sound intensity 

perception is dependent on the signal duration (Small, Cox, & Brandt, 1962; Zwicker & 

Feldtkeller, 1967). For the 1 s-ramp sounds to be perceived as loud as the others, the intensity 

level should be increased by roughly 15/20 dB. Therefore, the less intense emotional responses 

elicited by the short-ramp sounds might be the result of them being perceived as more ‘quiet’ 

than the longer-ramp sounds. An alternative explanation might be that the longer the sounds are 

presented, the more time listeners have to evaluate the sound and prepare for the response.  

Consistent with our hypotheses, approaching artificial sounds were subjectively rated as 

more arousing and unpleasant (Hypothesis 3), and had a larger physiological effect in listeners 

(Hypothesis 4), than receding ones. This effect on physiology was reflected in the facial EMG 

measures; it was observed also in the EDA but only for the conditions with ‘loud’, 2s and 3s-

ramp sounds (the explanation proposed in the previous paragraph for the short-ramp sounds may 
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also apply here). In addition, louder sounds elicited a larger CS muscle activity, what may 

correspond to a more unpleasant emotional experience (Andreassi, 1995). Longer approaching 

sounds elicited a larger ZM muscle activity than their receding counterpart. In general, ZM 

muscle activity corresponds to a more pleasant emotional experience (Andreassi, 1995), although 

some studies showed no reliable effects of valence on activity over the ZM muscle (Larsen, 

Norris, & Cacioppo, 2003). 

To sum up, these findings bring support to the hypothesis that approaching tonal sound 

sources are more biologically salient than receding ones. They exert a more intense emotional 

response in listeners, as measured at behavioral, subjective and physiological levels. However, it 

is difficult to extrapolate these results to a biological context and draw some firm conclusions 

regarding the greater biological salience of approaching auditory sources, due to the fact that the 

sounds tested in Experiment 1 were artificial simple tones. With these results, it remains unclear 

whether the physical properties of the sound (i.e. intensity level) or the significance attributed to 

it (i.e. a possible threat) stand for the approaching/receding asymmetry observed for the artificial 

tone. Hence, we conducted Experiment 2 in order to contrast physical and semantic effects and 

further explore our results in a more plausible biological context.  

 

Experiment 2 

In Experiment 2 we investigated the emotional influence of ecological (or natural) sounds 

perceived as approaching or receding natural sources. The stationary versions of these natural 

sounds differed in the emotional responses that they evoke in listeners (valence and arousal 

values).  Experiment 2 contained both original versions of the sounds and a synthesized version 
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of them, which was ‘meaning neutralized’, i.e. source identifiability was changed but the 

physical parameters across the sound were left intact. These ‘meaning neutralized’ versions were 

included in order to test whether emotional responses evoked by the sounds are dominated by the 

meaning and significance that listeners attribute to them or by their physical properties. The aim 

of this experiment was to investigate whether the effects observed in Experiment 1 for tones 

prevail for different types of natural sounds, which differ in their attributed emotional 

significance. It should be noted that previous research has found that the approach-receding 

disparity is limited to tones or tone-like sounds (Neuhoff, 1998). Hence, expanding the paradigm 

to include ecologically relevant sounds is an important step for the generalizing of this effect. In 

Experiment 1, approaching tones elicited more intense emotional responses in listeners than 

receding ones. If the greater biological salience of approaching sounds over receding sounds is 

mainly due to physical properties (i.e. intensity level), then the approaching/receding disparity 

should be prevalent for all natural sounds (Hypothesis 1). However, if there exist semantic 

effects, this is, the meaning that people attribute to the sound sources does matter, then the 

emotional responses should vary depending on the significance conveyed by the sounds per se. 

In other words, if the effects observed in Experiment 1 are due to approaching sounds being 

categorized as threat-related then unpleasant approaching sounds should elicit the strongest 

emotional responses (Hypothesis 2). In addition, if such physical/semantic interaction exists, then 

there should also be a clear difference between the effects observed between the original sounds 

and their ‘meaning neutralized’ versions (Hypothesis 3). In Experiment 2a we investigated the 

emotional effects of sounds by observing the behavior of participants on a subsequent emotion-
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related task, and in Experiment 2b we explored the effects of sounds on subjective emotional 

experience.  

Experiment 2a 

Methods 

 Participants. 15 participants took part (8 females; mean age 29 years; age range: 23-54 

years; 8 had also participated in Experiment 1). Participants had normal hearing and were naïve 

as to the purposes of the study. They were paid for their time and gave their informed consent 

prior to the inclusion in the study. The experiments were conducted in accordance with the 

ethical standards laid down in the 1964 Declaration of Helsinki. 

 Apparatus, materials and data collection. The apparatus and visual materials resembled 

those in the behavioral studies in Experiment 1a & 1b, but with different sounds. The auditory 

stimuli consisted of seven different sounds represented by two different versions of, rising or 

falling intensity level. These 7 sounds were: An artificial ‘tone’ (similar to that used in 

Experiment 1; used as a reference sound) and three natural sounds, ‘laughing baby’, ‘growling 

dog’ and ‘footsteps’, in their original and ‘meaning neutralized’ versions. The ‘laughing baby’ 

and the ‘growling dog’ sounds were chosen to have similar waveforms but were representing a 

pleasant and an unpleasant sound source. They were chosen according to the emotional ratings 

given for similar sounds in the International affective digitized sounds (IADS) database (Bradley 

& Lang, 1999). In this database, for the sound called ‘DogGrowl’ the normative valence and 

arousal ratings (in a 9-point scale) are 2.73 ± 1.92 and 7.77 ± 1.71, respectively, and for the 

sound called ‘BabyLaugh’ these are 7.92 ± 1.55 and 6.04 ± 2.08. The ‘footsteps’ sound was 
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chosen to be a ‘neutral’ sound source (a similar sound in the IADS called ‘Walking’ has 

normative valence and arousal ratings 4.15 ± 1.28 and 5.43 ± 1.9, respectively). The intensity 

level varied approximately from 68 to 86 dBA, as measured at the participant’s ear position. All 

natural sounds (i.e. all sounds except the ‘tone’) were equalized in loudness. The duration of the 

intensity ramp was fixed to 2 s. All stimuli were preceded and followed by a 300 ms constant 

intensity tone (Maier & Ghazanfar, 2007), thus resulting in stimuli with a total duration of 2.6 s. 

A 10 ms onset/offset ramp was applied to the auditory stimuli to prevent clipping. 

The ‘meaning neutralized’ versions of the natural sounds were created by a neutralization 

procedure that leaves the physical parameters intact across the sound but changes source 

identifiability. This neutralization procedure is based on spectral broadening procedure. In this 

procedure, the original sound is divided into windows of arbitrary length, which are transformed 

into frequency domain via FFT. Then the amplitudes are averaged within frequency bands of 

arbitrary width, and, the modified sound is converted back into time domain again by an inverse 

FFT. In the present research, 4096 sample-long Hanning-windows with 75% overlapping were 

used. The averaging in the frequency domain was done within 1/3 octave bands. As a result of 

this procedure, not only the temporal envelope of the original sound was kept intact, but also the 

loudness-time functions. However, due to the spectral broadening, the identifiability of sounds 

was substantially degraded. 

A game pad held in the participant’s hands was used to collect participant’s behavioral data. 

Presentation® software (Version 9.90) was used to control stimuli delivery and record responses. 
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Design. The experimental trials consisted of a pair of stimuli formed by a sound followed 

by a photograph. The photograph was ‘positive’ (not analyzed), ‘neutral’ or ‘negative’. There 

were 7 different sounds, in both ‘approaching’ and ‘receding’ versions. This resulted in 28 

possible conditions with a 7 x 2 x 2 factorial design (Sound Type x Sound Direction 

[approaching, receding] x Picture Emotional Valence [negative, neutral]).  

 Procedure. The procedure for this experiment resembled the one followed in Experiment 

1. Each experimental condition was presented 30 times, resulting in 840 trials. These trials were 

presented randomized in 6 experimental blocks, with 140 trials each plus 6 extra trials with 

positive photographs (not considered in the subsequent analysis). Each block of trials lasted on 

average for 15 minutes. The experiment was completed in two different experimental sessions. 

In each session, participants completed 3 experimental blocks, with a short break between 

blocks. During these blocks, RTs for each trial were collected. In addition, in the beginning and 

the end of each experimental session, participants were asked to listen to the sounds, starting by 

the ‘meaning neutralized’ sounds, and try to identify them (first and last identification block).  

Data analyses. RTs were treated as in Experiment 1. The results from the identification 

blocks were inspected in order to know whether participants were able to identify the sounds, 

and whether this identification was dependent on the repeated exposure to the sounds.  

Results 

Sound identification. Results from the identification block showed that natural sounds 

could be effectively recognized. Both Experiment 2a and 2b are considered here since the same 

sounds were used in both experiments. The ‘growling dog’ sound was described as a dog, tiger, 
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lion or wolf; participants used the adjectives growling, angry, mad, aggressive and close in their 

description. The ‘laughing baby’ sound was described as a baby or child, happy, unhappy, 

laughing, crying or talking. The ‘footsteps’ sound was described as footsteps or walking. The 

identification of the ‘meaning neutralized’ sounds varied with exposure to the sound, with few 

participants recognizing the real source of the sound. The ‘neutralized growling dog’ sound was 

described as breath, lion, air vent, something artificial and scary, dangerous dog, elevator shaft, 

echo, dragon, tiger, train, heavy machinery, and a steam engine. In the last identification block, 

about half of the participants identified the sound as a “filtered”, “manipulated” or “diverted” 

dog sound. The ‘neutralized laughing baby’ sound was at first described as strong wind, baby, 

lion, cat, baby in a box, baby monster, diverted child, monster, kindergarten or baby scream; in 

the last identification block many participants recognized the sound as some sort of baby sound. 

Finally, the ‘neutralized footsteps’ sound was the most difficult to identify for participants, who 

described it as a bag full of sand in movement, an old train starting, brushing of snow on a car, 

scrubbing, a horse, an engine, a whip, sweeping, a fire extinguisher, a helicopter, grass clipping 

or a monster. In the last identification block only two participants identified the sound as 

“computerized” footsteps.   

Effects on behavior. On average, a total of 94 ± 3.2 percent (± SD indicated) of the trials 

from each participant (range: 87.2-98.6) were included in the data analyses of the RTs. The 

within-participants factors for the ANOVA were ‘sound type’, ‘sound direction’ (approaching or 

receding) and ‘picture emotional valence’ (negative or neutral). The results showed an 

observable trend for an interaction between ‘sound type’ and ‘sound direction’ (F(2.4,34) = 2.5; 

p = .085), which became significant when analyzing only the RTs to negative photographs 
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(F(2.8,40) = 3.1; p = .039). Follow-up planned comparisons (paired t-test) with only the 

conditions with negative photographs (see Fig. 4A) revealed that the difference in RTs to 

photographs presented after approaching vs. receding sounds was significant for the ‘tone’ (t(14) 

= 2.4; p = .03) and the ‘meaning neutralized growling dog’ sounds (t(14) = 2.25; p = .041).  

We performed a further ANOVA for within-participants factors ‘neutralization’ (neutralized 

or non-neutralized), ‘sound type’ (‘laughing baby’, ‘growling dog’ or ‘footsteps’), ‘sound 

direction’ (approaching or receding) and ‘picture emotional valence’ (negative or neutral). The 

results showed an observable trend towards faster RTs for photographs following the ‘meaning 

neutralized’ versions of the sounds (F(1,14) = 3.9; p = .068), and a significant interaction 

between the factors ‘neutralization’, ‘sound type’ and ‘sound direction’ (F(1.5,20.5) = 4.8; p = 

.029). The RTs to photographs following the approaching ‘laughing baby’ sound were slightly 

faster than for those following the receding sound, but this pattern was reversed for the ‘meaning 

neutralized’ version of the sound. For the other types of sounds, the approaching ‘meaning 

neutralized’ sounds led to faster RTs than the receding sounds.  

Experiment 2b 

Methods 

 Participants. 12 participants took part (3 females; mean age 27 years; age range: 22-33 

years; 4 had also participated in Experiment 1). Participants had normal hearing and were naïve 

as to the purposes of the study. They were paid for their time and gave their informed consent 

prior to the inclusion in the study. The experiments were conducted in accordance with the 

ethical standards laid down in the 1964 Declaration of Helsinki. 
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 Apparatus, materials and data collection. The experimental set-up was similar to the one 

described for Experiment 2a. Experiment 2b contained all auditory stimuli from Experiment 2a 

but did not include visual stimuli. A keyboard was used for registering participant’s self-reported 

emotional responses. 

 

Design. The same factorial design used in Experiment 2a, excluding the factor ‘picture 

emotional valence’, was used (i.e. 7 Sound Type x 2 Sound Direction). 

 Procedure. Participants were required to listen to the sounds and, after each sound, rate 

their feelings towards that sound using the 9-point valence and arousal pictorial scales of the 

Self-Assessment Manikin (SAM, Lang, 1980). Besides, for those conditions containing 

approaching sounds, participants were asked to “imagine that you hear this sound in everyday 

life. How likely is it that this sound will be followed by a significant event?” (Salience), and 

“how likely is it that this sound will be followed by a threatening event?” (Threat; these 

questions were adopted from a previous study reported in Neuhoff, 2008). An experimental 

block containing all sound conditions was repeated four times, with the possibility of taking a 

short break in half of the experiment. Participants completed identification blocks in the 

beginning and the end of each experimental session. 
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Data analyses. Self-reported valence and arousal for sounds were treated as in 

Experiment 1. Self-reported salience and threat for each sound were used as dependent variables 

for two separate ANOVAs. The results from the identification blocks were inspected in order to 

know whether participants were able to identify the sounds, and whether this identification was 

dependent on the repeated exposure to the sounds (see the results of Experiment 2a). 

 

Results: Effects on self-report 

Self-reported valence and arousal ratings for the emotional responses to the different sounds 

were used as dependent variables for a MANOVA containing as within-participants factors 

‘sound type’ and ‘sound direction’. The results (see Fig. 4B) revealed that there was a significant 

main effect of both factors, ‘sound type’ (F(12, 106) = 6.3; p < .001, Λ = .34) and ‘sound 

direction’ (F(2, 8) = 4.8; p = .044, Λ = .46), and a significant interaction between the factors 

(F(12, 106) = 9.5; p < .001, Λ = .23). A further ANOVA was performed for within-participants 

factors ‘neutralization’ (neutralized or non-neutralized), ‘sound type’ (‘laughing baby’, 

‘growling dog’ or ‘footsteps’) and ‘sound direction’. Apart from the significant effects observed 

with the previous MANOVA, the results revealed a significant interaction between the 

‘neutralization’ factors and each of the other two factors, ‘sound type’ (F(4,34) = 6.2; p < .001, 

Λ = .34) and ‘sound direction’ (F(2,8) = 18; p < .001, Λ = .18), and the interaction of all three 

factors (F(4,34) = 11.5; p < .001, Λ = .18). Approaching sounds tended to be judged as more 

arousing and unpleasant than receding sounds in the case of the ‘tone’, the ‘growling dog’ sound 

and in the neutralized versions of the ‘growling dog’ and ‘footsteps’ sounds. On the other hand, 

the approaching ‘laughing baby’ sound was judged as more pleasant and less arousing than its 
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receding version. For the ‘footsteps’ and neutralized ‘laughing baby’ sounds, the difference in 

the ratings for approaching and receding sounds was small, insignificant.  

Two separate ANOVAs were performed for the ratings for the perceived salience and threat 

of the approaching sounds. The within-participants factor was ‘sound type’. The results revealed 

that there was a significant main effect of this factor both for the salience (F(2.6,28) = 3.5; p = 

.035) and threat (F(2.4,26) = 9.1; p < .001) ratings. The ‘growling dog’ sound was judged as the 

most salient and threatening sound (mean value ± SEM was 5.9 ± 0.6 for salience; and 6.6 ± 0.6 

for threat), followed by the ‘tone’ (5 ± 0.6 for salience; and 4.5 ± 0.6 for threat), ‘footsteps’ (4 ± 

0.6 for salience; and 3.2 ± 0.5 for threat), and ‘laughing baby’ (3.8 ± 0.7 for salience; and 2.3 ± 

0.6 for threat) sounds. Two further ANOVAs were performed for the salience and threat ratings, 

with within-participants factors ‘neutralization’ (neutralized or non-neutralized) and ‘sound type’ 

(‘laughing baby’, ‘growling dog’ or ‘footsteps’). Apart from the significant effect of sound type 

observed with the previous ANOVA, the results revealed a significant effect of the factor 

‘neutralization’ (F(1,11) = 5.5; p = .039 for salience; and F(1,11) = 6; p = .033 for threat), and a 

significant interaction between the ‘neutralization’ and ‘sound type’ factor for the threat ratings 

(F(1.5,17) = 9.6; p = .003). The neutralized versions of the sounds were judged as being more 

salient and threatening than the original non-neutralized versions, except for the threat rating for 

the ‘growling dog’ sound, which did not varied much with neutralization. For the neutralized 

sounds the mean salience and threat values (± SEM) were respectively: 6.1 ± 0.5 and 6.5 ± 0.6 

for neutralized ‘growling dog’; 5 ± 0.5 and 4.7 ± 0.6 for neutralized ‘footsteps’; and 4 ± 0.5 and 

4 ± 0.6 for neutralized ‘laughing baby’. 

[Insert Figure 4 about here] 
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Discussion 

The aim of Experiment 2 was to explore the emotional influence of approaching and receding 

natural sounds, and to compare these effects to those observed for artificial sounds in Experiment 

1 where the same experimental methodology was applied. The natural sounds differed in the 

emotional significance that listeners may attribute to them. If the results from Experiment 1 

reflect a survival-related adaptation to prioritize approaching sources, then we expected that 

those results would hold for the case of natural sound sources. Therefore, our Hypothesis 1 was 

that all approaching natural sound sources would elicit more intense emotional reactions in 

listeners than their receding counterparts. However, if there is an interaction between the 

physical and the semantic properties of the sound sources, we expected that the emotional 

preference for approaching vs. receding sound sources would differ for the different types of 

natural sources. In this case, we expected the approaching/receding disparity to be greater for 

unpleasant, threat-related sound sources (Hypothesis 2). The results of Experiment 2 showed that 

the unpleasant approaching sound (‘growling dog’), as well as the artificial approaching sound 

(‘tone’), were subjectively considered as eliciting more unpleasant and arousing emotional 

feelings, compared to their receding versions. This finding was corroborated by the behavioral 

results which showed that faster RTs were obtained for the photographs following the 

approaching vs. receding version of these two sounds. On the other hand, the emotional effects 

differed for the pleasant (‘laughing baby’) and neutral (‘footsteps’) sounds. For the pleasant 

sound, the approaching version of the sound was judged as evoking emotional feelings with 

higher positive valence and lower arousal than its receding version, while for the neutral sound 

there was little difference in emotional judgments between the approaching and receding 
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versions. Moreover, no distinct effect was observed for these pleasant and neutral sounds on the 

RTs to the photographs. 

Our results confirmed Hypothesis 2, since the emotional preference for approaching sounds 

was only shown for the unpleasant sound, which at the same time was judged as the most 

threatening and salient from all presented sounds. Interestingly, the artificial tonal sound fell into 

the same category of unpleasant sounds, with similar responses as those induced by the 

‘growling dog’ sound (note that larger effects observed for the tone may be mostly caused by the 

higher loudness of this sound). Hence, the results opposed to Hypothesis 1, since the emotional 

bias for approaching sounds was not observed for all natural sources, but this bias seemed to be 

dependent on the significance attributed to the sound source itself. This finding obtained further 

support from the results for the ‘meaning neutralized’ versions of the sounds (Hypothesis 3): 

When the sound could not be identified any longer, the approaching/receding disparity was 

dependant on the threat and salience associated to the sound source per se. Indeed, the data from 

the neutralized sounds showed a significant correlation between the RT for negative pictures 

with the ratings of salience and threat for these sounds (Pearson correlation coefficients were r = 

-0.95 and r = -0.98 respectively, p < .05). No such effects were evident for the original versions 

of the natural sounds (see Fig. 4 and mean salience and threat values in the previous section). 

 

General discussion 

The results of the present study suggest that, under certain circumstances, sound sources 

perceived as approaching exert more intense emotional responses in listeners than sound sources 

perceived as receding. The emotional significance attributed to the auditory source itself, the 
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loudness of the sound and the perceived duration of loudness change seem to be relevant factors 

in the approaching/receding disparity on the emotional response to moving sound sources. 

One of the critical findings to have emerged from Experiment 1 was that tones rising in 

intensity level had a more intense emotional effect in listeners than tones falling in intensity 

level. This asymmetry in the emotional effect was reflected in an emotion-related behavioral 

task, self-reported emotional experience and physiological state of listeners. Importantly, these 

results allow unifying previous results in auditory research to emotional responses. They provide 

with evidence supporting the previously stated hypothesis that approaching tonal sounds have a 

greater biological salience than receding tonal sounds. This hypothesis was formulated in 

relation to recent results in psychophysical studies involving loudness change estimations and 

loudness estimations (Neuhoff, 1998; Neuhoff, 2001; Stecker & Hafter, 2000; Susini, McAdams, 

& Smith, 2007) or duration estimations (DiGiovanni & Schlauch, 2007; Grassi & Darwin, 2001; 

Schlauch, Ries, & DiGiovanni, 2001), as well as in neuropsychological and neurophysiological 

studies (Bach et al., 2008; Maier, Chandrasekaran, & Ghazanfar, 2008; Maier & Ghazanfar, 

2007; Romei, Murray, & Thut, 2008; Seifritz et al., 2002). 

In the present study, the emotion-related behavioral task involved measuring the response to 

negatively charged or neutral photographs presented after a tonal sound of either rising or a 

falling intensity. Interestingly, not only this task was performed quicker in the conditions 

involving negative photographs, but also the asymmetry in RTs to rising and falling tones was 

especially evident in these ‘negative’ conditions. Taking the assumption that sounds with 

rising/falling intensity level are generally perceived as auditory approaching/receding sources 

(Maier & Ghazanfar, 2007; Neuhoff, 2001; Rosenblum, Carello, & Pastore, 1987), these results 
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are in line with those reported previously in a visual study (Muhlberger, Neumann, Wieser, & 

Pauli, 2008). In that study, unpleasant pictures perceived as approaching elicited more intense 

emotional responses than unpleasant receding pictures, while no such effect of picture motion 

was found for pleasant or neutral pictures. The greater power of unpleasant events over pleasant 

events, the so-called “negativity bias”, has been found to be a general rule in many psychological 

phenomena: Similar degrees of activation (in our case a sound rising in intensity) have stronger 

effects on the negative compared to the positive motivational system (Baumeister, Bratslavsky, 

Finkenauer, & Vohs, 2001; Cacioppo & Gardner, 1999). 

Previous research has proposed different explanations for the existent asymmetry in 

responses to sounds with increasing vs. decreasing intensity level. For instance, for the observed 

loudness bias, some authors suggested that there might be a possible short-term auditory memory 

effect with global loudness judgments just based on the end intensity level of sounds (the so-

called “recency effect”; Susini, McAdams, & Smith, 2007; Teghtsoonian, Teghtsoonian, & 

Canevet, 2005). On the other hand, other authors have pointed out that these effects might 

account for a greater biological salience (Guski, 1992; Maier & Ghazanfar, 2007; Neuhoff, 1998; 

Stecker & Hafter, 2000), or a greater intrinsic warning value (Bach et al., 2008), of sounds with 

increasing intensity level. These authors refer to examples from a natural context: first, sounds 

with increasing intensity level may represent approaching sources, which may constitute a 

potential threat; and second, in animal communication intensity fluctuation is a main parameter 

used for alarm vocalization (Bradbury, 1998; Owren, Rendall, & Bachorowski, 2005). The 

results of our study bring support to the biological salience hypothesis from an embodied 

emotion perspective. Salient events lead to an increase of emotional arousal, as the one that our 
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results showed in response to tonal sounds perceived as approaching. Moreover, the strongest 

activation observed for the conditions combining approaching tonal sounds and negative 

information suggests that the perception of approaching sound sources might be linked to the 

activation of a defensive behavior in listeners.  

Our results also indicate that an increased intensity level of sound stimuli lead to more 

pronounced emotional responses and to a greater observed approaching/receding disparity, than 

lower intensity levels. The observed dependence of the effect on the intensity change is 

consistent with the biological salience hypothesis, since in a natural context loud sounds may 

represent close, big or strong sound sources (Herman & Ritter, 2004; Lenti Boero and Bottoni, 

2008). Hence, loud sound sources may become associated to danger, especially in the case of 

sources that are approaching the listener. This greater biological salience of loud approaching 

sounds has been suggested previously when explaining looming bias (Neuhoff, 1998). On the 

other hand, we also found that a longer rise time of the sounds lead to more intense emotional 

responses than sounds with shorter rise-time. In a natural context, the rise time may represent the 

source velocity, with short rise-time corresponding to rapidly moving objects or high forces 

(Herman & Ritter, 2004; Lenti Boero and Bottoni, 2008). It should be noted that in our 

experiment we varied the intensity rise time of the sounds while keeping constant the range of 

intensity change. However, sound intensity perception is dependent on the signal duration 

(Small, Cox, & Brandt, 1962; Zwicker & Feldtkeller, 1967). Hence, our results may convey a 

loudness effect as the one described above. Future research might try to investigate the effect of 

rise time in this paradigm by ensuring that sounds do not vary significantly in loudness. An 

alternative explanation for the smaller effects induced by the short rise-time sounds might be that 
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the longer the sounds are presented, the more time listeners have to evaluate the sound and 

prepare for response. It might be possible that there is a particular, ecologically motivated, range 

of sound object velocities related to the observed affective reactions (cf. U-shaped dependence of 

minimum audible angle on the sound source velocity; Perrott & Saberi, 1990). 

Experiment 2 extended the results from Experiment 1 to the case of natural ecological 

sounds. Importantly, the findings from Experiment 2 showed that the directional sensitivity for 

approaching over receding sounds was only observed for sounds categorized as unpleasant, 

arousing, threatening and salient. The artificial tonal sound used in Experiment 1, that was 

included also in Experiment 2 as a reference sound, fell into the same category of unpleasant and 

arousing sounds. Sounds categorized as neutral showed little approaching/receding bias on self-

report and on the behavioral task. This lack of looming bias in the behavioral task was also 

observed for the sound categorized as pleasant, which was judged as more positive and less 

arousing in its approaching, as compared to its receding, version. This finding is particularly 

relevant2 as it pertains to previous work in which it was found that tonal sounds expose a greater 

looming bias than noise. Some authors (e.g., Neuhoff, 2001) speculated that this approach bias 

observed for tones (but not for noise) might be due to the fact that tonal sounds can act as 

markers of animate beings. In a natural environment noise is generally produced by inanimate 

sources (e.g., wind, running water), whereas most tonal sounds are produced by biological 

organisms. Neuhoff (2001) proposed that the auditory system is tuned to detect the more critical 

“biological” tonal sounds, what results in a greater approach bias for these sounds. However, the 

present results show that it is the emotional valence attributed to sounds what determines the 
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approach bias: The artificial tonal sounds used in this and previous studies are quite unpleasant 

to listeners, and unpleasant sounds have a greater approach bias than pleasant sounds.  

In conclusion, our results seem to indicate that approaching unpleasant sounds elicit more 

intense emotional responses in listeners than receding unpleasant sounds, while such effect of 

perceived auditory movement is not found for pleasant or neutral sound sources. Although it is 

still early to draw firm conclusions, given that this study contained a few examples of sounds and 

only one sound example of each class, our findings seem consistent with those previously 

described for the visual modality (Muhlberger, Neumann, Wieser, & Pauli, 2008). This might 

indicate that a more general, amodal mechanism is involved in the observed looming bias. The 

results may be also in line with the embodiment and motivational approaches to emotion 

(Cacioppo & Gardner, 1999; Lang, Bradley, & Cuthbert, 1990; Niedenthal, et al., 2005; 

Niedenthal, 2007). They might be the outcome of an existing survival mechanism: Sound 

sources that are rapidly approaching one, invading the margin of safety surrounding the body, 

need to be identified quickly in order to determine their threat value. Therefore, sound sources 

identified as threatening or unidentified may activate a defensive response.  

Future research on auditory motion perception should extend these results by overcoming 

some limitations of the present study. First, in this study auditory motion was simulated by 

increasing/decreasing the intensity level of the sounds. It might be interesting to test our 

hypotheses with virtual sound sources including other motion cues (e.g. the Doppler shift or 

binaural cues). Second, combining auditory stimuli with moving visual objects also can provide 

a fruitful test-bed for refining our results. Such multisensory stimuli should disambiguate 

parameters of speed and distance, and serve as a tool for controlling the surrounding context and 
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representation of looming objects. Third, it might be worth to investigate the effect of the 

velocity of the sound source by fully controlling other parameters, such as loudness of the sound 

(e.g. using other auditory cues like the Doppler shift, or, based on audio-visual simulations). 

Finally, and most importantly, future studies should include other auditory objects covering a full 

range of emotion eliciting capabilities, in order to get a better understanding of the dependence 

of the emotional response to approaching vs. receding sounds on their source nature.  
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Footnotes 

1Upon conducting these studies we were unaware of any evidence for emotional effects 

of approaching sounds. However, work that was done parallel in time with our studies show 

similar results (Bach, Neuhoff, Perrig, & Seifritz, in press). 

2We thank an anonymous reviewer for drawing more attention to this fact.  
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Figure 1. Time course of the trials. Visual (upper) and auditory (lower) stimuli presented. In 
each trial, experimental stimuli were preceded by a countdown from 5 to 1. Auditory stimuli 
consisted of 1 kHz tones rising (approaching sound) or falling (receding sound) in intensity, 
preceded and followed by a 300 ms constant-intensity period. In Experiment 1, auditory stimuli 
were from the “loud” intensity range, and T varied between 1, 2 or 3 s. In Experiment 2, auditory 
stimuli were from both “loud” and “soft” intensity ranges, and T was fixed to 2 s. Visual stimuli 
used in the three-alternative forced-choice task were taken from the International Affective 
Picture System (IAPS) and fell into one of three categories: “negative”, “neutral” or “positive”. 
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Figure 2. Results of Experiment 1. (A) Mean reaction times (in ms)  SEM for the conditions in 
Experiment 1a (left panel), in which the sounds were ‘loud’ and differed in their intensity ramp 
duration, and in Experiment 1b (right panel), in which the sounds had 2s-ramp duration and 
differed in intensity range. (B) Mean valence and arousal ratings (in a 9-point scale)  SEM for 
all sound conditions in Experiment 1c. 
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Figure 3. Results of Experiment 1. Physiological response (Facial electromyography (corrugator 
supercilii - CS, and zygomatic major - ZM) and electrodermal activity (EDA), mean  SEM, for 
each 1-second interval for the 6 seconds following sound onset in Experiment 1c. CS and ZM 
change z-scores were calculated by subtracting the average response for each 1-second interval 
from the mean activity during the 1 s preceding sound onset (baseline). EDA change z-scores 
were calculated by subtracting the maximum response for each 1-second interval from the 
maximum response during the baseline. 
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Figure 4. Results of Experiment 2. (A) Mean reaction times (in ms)  SEM for the all the 
conditions in Experiment 2a which contained negative pictures. (B) Mean valence and arousal 
ratings (in a 9-point scale)  SEM for all sound conditions in Experiment 2b. 
 

 

 

 


