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Abstract 

An acoustic environment contains sounds from various sound sources, 

some generally perceived as wanted, others as unwanted. This thesis 

examines the effects of wanted and unwanted sounds in acoustic 

environments, with regard to masking, stress recovery, and speech 

intelligibility. 

In urban settings, masking of unwanted sounds by sounds from water 

structures has been suggested as a way to improve the acoustic environment. 

However, Study I showed that the unwanted (road traffic) sound was better 

at masking the wanted (water) sound than vice versa, thus indicating that 

masking of unwanted sounds with sounds from water structures may prove 

difficult. Also, predictions by a partial loudness model of the auditory 

periphery overestimated the effect of masking, indicating that centrally 

located informational masking processes contribute to the effect. Some 

environments have also been shown to impair stress recovery; however 

studies using only auditory stimuli is lacking. Study II showed that a wanted 

(nature) sound improve stress recovery compared to unwanted (road traffic, 

ambient) sounds. This suggests that the acoustic environment influences 

stress recovery and that wanted sounds may facilitate stress recovery 

compared to unwanted sounds. An additional effect of unwanted sounds is 

impeded speech communication, commonly measured with speech 

intelligibility models. Study III showed that speech intelligibility starts to be 

negatively affected when the unwanted (aircraft sound) masker have equal or 

higher sound pressure level as the speech sound. Three models of speech 

intelligibility (speech intelligibility index, partial loudness and signal–to–

noise ratio) predicted this effect well, with a slight disadvantage for the 

signal–to–noise ratio model. Together, Study I and III suggests that the 

partial loudness model is useful for determining effects of wanted and 

unwanted sounds in outdoor acoustic environments where variations in 

sound pressure level are large. But, in environments with large variations in 

other sound characteristics, models containing predictions of central 

processes would likely produce better results. 

The thesis concludes that wanted and unwanted characteristics of sounds 

in acoustic environments affect masking, stress recovery, and speech 

intelligibility, and that auditory perception models can predict these effects. 
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Introduction 

An environment comprises many physical properties, of which only a few 

can be experienced by humans. The characteristics of the environment that 

we can experience are filtered through our perceptual systems. The current 

thesis studies how people perceive the acoustic component of the complete 

environment. The acoustic component is created by sounds from various 

sound sources, some generally perceived as wanted, others as unwanted. For 

example, the sound of a highway is by most people experienced as 

unwanted, whereas the sound of rippling water is generally perceived as 

pleasant. Specifically, this thesis studies the effects of combinations of 

wanted and unwanted sounds, with regard to masking, stress recovery, and 

speech intelligibility. The thematic structure of the thesis is shown below 

(see Fig. 1). 

  

Fig 1. Thematic structure of the thesis, the lighter-colored parts being more 

central to the thesis. 
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Sound and noise 

In acoustic terms, sound is “an oscillation in pressure, stress, particle 

displacement, particle velocity, etc., in a medium with internal forces (e.g., 

elastic and viscous), or the superposition of such propagated oscillations” 

(ANSI/ASA, 1994, p 1) and, in perceptual terms, the “auditory sensation 

evoked by the oscillation described above” (ANSI/ASA, 1994, p 1). In this 

thesis, the word sound will be used in the acoustic sense, whereas the term 

sound perception will be used to refer to the perceptual, psychological 

experience of the sound.  

Two definitions of noise are relevant to the field of noise and health 

research: I. Any disagreeable or undesired sound or other disturbance; 

unwanted sound. II. Sound of a general random nature, the spectrum of 

which does not exhibit clearly defined frequency components (Harris, 1998, 

p 2.9). To avoid ambiguity in this thesis, noise will refer to the frequency 

and phase character of sound (definition II), whereas unwanted sounds will 

refer to sounds perceived according to definition I. 

 

Indoor, outdoor, and urban acoustic environments 

Several terms are also used to describe the acoustic part of the complete 

environment, including sound environment (Kang, 2007; Morinaga, Aono, & 

Kuwano, 2004), sonic environment (Brown & Muhar, 2004; Schafer, 1994), 

soundscape (Schafer, 1994; Schulte-Fortkamp & Kang, 2013), and acoustic 

environment (Bergemalm, Hennerdal, Persson, Lyxell, & Borg, 2009; 

Radsten-Ekman, Axelsson, & Nilsson, 2013). Both sound environment and 

soundscape are ambiguous terms, as sound as in “a sound environment” can 

convey the sense of meaning a good environment, and soundscape can refer 

to both physical properties and our perceptions of them. Sonic environment 

is a relatively new term and has not often been used. Therefore, in the 

following text, the term acoustic environment will be used to describe the 

acoustic content of an environment and experiences of such environments 

will be described as perceptions of the acoustic environment.  

Acoustic environments are created by combinations of direct sounds and 

their reflections. In indoor environments there is typically a large amount of 

reflections from hard surfaces such as walls and floors. The prevalence of 

reflected sound is for example what makes the design of concert halls 

demanding. Where, the reflective and absorbent properties of the hall need to 

be carefully adjusted to obtain an optimal listening experience (Lokki, 

Patynen, Tervo, Siltanen, & Savioja, 2011). As indoor environments 

commonly contain few sound sources, the reflective and absorbent 

properties of the room are the most important factors for how indoor 

acoustic environments are perceived (Kim & Ahn, 2001; Mershon & King, 

1975). 



 

3 

Outdoor environments generally contain much less reflective and 

absorbent surfaces than do indoor environments, making direct sound and 

mixtures of sound from multiple sound sources more important to the overall 

experience. However, in urban outdoor environments the conditions are 

more similar to those of indoor environments, with many reflective surfaces 

from closely spaced buildings and hard ground, and as other outdoor 

environments, urban outdoor environments often contain many sound 

sources (e.g. Horoshenkov, Hothersall, & Mercy, 1999). These two factors 

make urban outdoor environments perhaps the most complex acoustic 

environments that are regularly experienced by people. Considering that 

more than 50 percent of the world population now lives in urban 

environments (UN, 2012), the beneficial and detrimental effects of these 

environments have a large impact from a global perspective.  

Sounds can to some extent be generally categorized according to 

preference. Sounds of construction and traffic are in general disliked and 

thus unwanted, whereas sounds of nature and to some extent human activity, 

often are experienced as wanted (Axelsson, Nilsson, & Berglund, 2010; Ge 

& Hokao, 2004; Nilsson & Berglund, 2006; van den Berg, Hartig, & Staats, 

2007). These differences in how sounds are perceived are sometimes 

explained in evolutionary terms. Specifically, humans are supposedly more 

used to sounds of nature and human activities, whereas the historically more 

recent sounds of technological origin would be evolutionarily novel and 

therefore unwanted (Grinde & Patil, 2009; Ulrich et al., 1991; Wilson, 

1984). This is a plausible theory, though it cannot explain why some 

technological sounds can be perceived as wanted; for example, the sounds of 

motorcycles and heavy metal concerts are perceived as wanted by their 

respective fans. Besides, the sound of flowing water is unlikely to be 

perceived as wanted if it comes from one’s living room. The perception of a 

sound depends on context as well as general categorizations. Also, it is 

uncertain how an evolutionary explanation would help us understand and 

improve acoustic environments, if the explanation is not liked to biological 

mechanisms active today.  Instead, a focus on perception, sound 

characteristics, and context factors is more useful for understanding how 

people perceive acoustic environments. Such knowledge may also lead to 

ideas on how to improve them.  
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Perception of sound 

Auditory perception involves several processes located between the ear 

and the conscious experience of a sound. These processes translate the 

airborne oscillations to the neural activity that constitutes our experience of 

the sound. To understand these processes it is important to know which 

physical properties of a sound that is coded in the auditory system.  

 

Frequency  

Frequency is defined as “a function periodic in time, the number of times 

that the quantity repeats itself in 1 second” (Harris, 1998, p 2.7). Humans 

can hear frequencies between approximately 20–20,000 Hz. A 20-Hz tone is 

a slow oscillation, such as the rumbling sounds that can be experienced in 

large ships, whereas a 20,000-Hz tone is a fast oscillation, such as the shrill 

sounds sometimes emitted by electronic devices. The hearing range 

decreases as we age, so that hearing high frequencies in general become 

more difficult through a process called presbycusis (Rossing, Wheeler, & 

Moore, 2002, p 79-80).  

The hearing system is also frequency selective, meaning that some 

frequencies have lower audibility thresholds than do others. The auditory 

system is most sensitive in the mid–frequency range between 0.5 and 5 kHz 

(Moore, 2004, p 56). Frequencies closer to the bottom and top of the audible 

range need progressively higher sound pressure levels to be audible. At 

higher sound pressure levels, when a sound is experienced as louder, 

frequency sensitivity becomes less accentuated. These differences in 

sensitivity are important for understanding how frequencies across the 

hearing range, at several sound pressure levels, are processed. The result of 

such scaling is called equal loudness contours. These describe how intense a 

tone of a chosen frequency must be to be perceived as loud as a 1-kHz tone, 

rated at several different intensities (Suzuki & Takeshima, 2004). For 

example, at what sound pressure level (dB) would a 4-kHz tone be equally 

loud as a 1 kHz tone of 60 dB? Knowledge of these contours is used to 

model human perception of sound for both research and applied useage 

(Glasberg & Moore, 2005; ISO, 2003).  

Nearly all sounds encountered in everyday life contain more than one 

frequency, i.e., they are complex sounds. A sound containing more 

frequencies than another sound will be perceived as more noisy. Both tones 
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and random phase broadband sounds (noises) have been used extensively in 

studies of the mechanics of the hearing system (Glasberg, Moore, & Baer, 

1997; Hirsh, Bilger, & Burns, 1955; Suzuki & Takeshima, 2004; Zwicker, 

Flottorp, & Stevens, 1957), but complex everyday sounds have not been 

used to the same extent. The lack of studies that use complex sounds makes 

it important to verify that perceptual models, constructed from experiments 

using simple stimuli, also can accurately predict perceptions of everyday 

sounds.  

 

Amplitude 

Another important acoustic characteristic of a sound is its amplitude, i.e., 

how large the oscillation is, or in more technical terms, “the maximum value 

of a sinusoidal quantity” (Harris, 1998, p 2.2). Sound intensity has often 

been the focus in assessments of acoustic environments. The most common 

indicator of the intensity of non–tonal sounds is the sound pressure level, 

measured in decibels (dB) on a log scale. This means that increasing the 

sound power by a factor of 10 (Harris, 1998, p 1.13-1.16), for example, 

increasing traffic volume from 100 to 1000 vehicles or increasing the 

volume output of a loudspeaker from 2 to 20 watts, would produce a 10-dB 

increase in sound pressure level. The human auditory range for sound 

pressure starts at approximately 0 dB, which is the auditory threshold of a 1-

kHz tone, and runs to 194 dB, the theoretical limit of undistorted sound and 

a level guaranteeing hearing damage. Sound pressure levels more relevant to 

everyday life lie between 20 dB, the approximate level of a very quiet room, 

to 134 dB, the acoustic threshold of pain (Jokl, 1997). 

 

Pitch and loudness 

Frequency and amplitude are acoustic variables, and measures of these 

will not produce the same results as will asking a person to rate their 

experiences of them. Two perceptual counterparts of these acoustical 

properties are pitch and loudness. Pitch corresponds to frequency and can be 

defined as “that attribute of auditory sensation in terms of which sounds may 

be ordered on a scale extending from low to high” (ANSI/ASA, 1994, p 34). 

Whereas, loudness can be defined as “that attribute of auditory sensation in 

terms of which sounds may be ordered on a scale extending from soft to 

loud” (ANSI/ASA, 1994, p 35). Pitch and loudness are related mainly to 

frequency (pitch) and sound pressure level (loudness), but there is also 

interaction between them, as can be seen in the equal loudness contours.  
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The auditory system 

The auditory system comprises many functional parts; the outer ear, 

middle ear, inner ear and cochlea, auditory nerve, brain stem centers, and the 

auditory cortex. There are also feedback loops between several of these 

systems (Moore, 2004, p 21-50), creating considerable codependence and 

intricacy. The current understanding of auditory system processes is fairly 

detailed up to the auditory nerve, after which knowledge becomes more 

fragmented.  

Peripheral auditory processes 

When a sound passes through the outer and middle ear it changes in 

character from airborne oscillations to oscillations conducted through 

mechanical movements of the inner ear bones. This shift is needed for the 

oscillations to be transferred to the fluids of the cochlea. The conduction of 

sound through the outer and middle ear attenuates frequencies below 500 Hz 

and above 4 kHz (Moore, 2004, p 21-23), although this process only partly 

accounts for the previously described frequency selectivity in the auditory 

system. 

Through the oval window, the mechanical movement is transferred to the 

cochlea. Inside the cochlea the mechanical oscillation is transferred from 

fluid to movements of the basilar membrane. The basilar membrane is 

sensitive to high frequencies near the entrance of the cochlea and to low 

frequencies at the apical end. The size of the membrane–displacement 

corresponds to the intensity of the frequency component exerting pressure on 

that specific spot. Thus the frequencies contained in a sound activate the 

basilar membrane at different sites, and the amount of activation at those 

sites codes part of the amplitude response. The width of activation of the 

basilar membrane is also determined by the intensity of the incoming signal, 

meaning that sounds with higher sound pressure level activate a wider part 

of the membrane than do weaker sounds. The frequency– and level–

dependent size of the activation is called a critical band, and can be 

measured as the equivalent rectangular bandwidth (ERB). A consequence of 

the frequency specific response of the basilar membrane is, that non–

overlapping activation in two critical bands, means that there will be no 

interaction between these frequency components in the cochlea. (Moore, 

2004, p 66-69; Ward, 1990; Zwicker & Terhardt, 1980).  

The basilar membrane mechanics described above in combination with 

other aspects of cochlear structure, such as membrane coupling to surfaces 

and distances between membranes (Gavara, Manoussaki, & Chadwick, 

2011), make the cochlea essentially a biological frequency analyzer.  
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Central auditory processes 

Higher–level processes located after the cochlear nuclei are less well 

understood. These processes can in principle also be modeled, but the 

complexity of central processes makes modeling difficult compared to 

peripheral processes. Two central processes will be discussed here, auditory 

attention and auditory scene analysis.  

The role of auditory attention can be categorized in two ways. It can be 

categorized as stimuli driven (i.e., bottom–up), as can happens in “oddball 

tasks,” when unexpected stimulus captures attention. It can also categorized 

as task driven (i.e., top–down), for example, when trying to listen to 

someone at a cocktail party (Fritz, Elhilali, David, & Shamma, 2007). Both 

types of processes could influence how acoustic environments are perceived. 

Bottom–up processes could be detrimental if they forcibly shift attention 

away from a wanted sound in the environment. Top down processes on the 

other hand, could in busy environments be taxing for a person resulting in 

negative emotions or stress. Shifts in attention can also influence how well 

components of the acoustic environment are perceived, where research has 

suggested that unattended sounds are less differentiated than are attended 

sounds (Cusack, Deeks, Aikman, & Carlyon, 2004).  

Auditory scene analysis investigates how auditory objects and auditory 

streams are created. Auditory grouping refers to the process that connects 

frequency information from several critical bands to create a perception of 

an auditory object, such as a violin playing among other instruments 

(Bregman & Pinker, 1978). Stream segregation on the other hand describes 

the process that determines whether several sounds, regardless of source, are 

heard as a unit or separated into multiple streams (Bregman, 1990). For 

example if you hear the sound of single cars or the sound of a motorway.  

To follow a violin in a musical piece clearly involves not only auditory 

grouping but also attention, so the strict classification into auditory attention 

and scene analysis phenomena is somewhat artificial. Although, Cusack et 

al. (2004) and Alain (2007) suggested that at least some parts of auditory 

streaming, called automatic or primitive processes (Alain, Zendel, Hutka, & 

Bidelman, 2013), may be unaffected by attention processes. However, there 

are many situations in which attention and auditory scene analysis overlap.  

Of special interest for this thesis concerning auditory attention is that 

most experimental studies of sound perception are conducted with attention 

directed to the sound stimuli. However in real life, a lot of everyday listening 

is conducted without attention directed to the sounds in the environment. 

Rather, people often favor the visual parts of it, at least for non–vision 

impaired persons. This calls for some caution when generalizing study 

results when there is suspicion that attention may mediate of moderate the 

effects found. 
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Acoustic variables 

The peripheral processes of the cochlea have implications for the 

computation of acoustic indicators used in practice, although central 

processes are often not considered. Previous discussions show that it is 

incorrect to sum sound pressure across all frequency bands equally when 

trying to estimate human sound pressure perception. Therefore, acoustical 

measures of sound pressure levels have weighting functions for activation 

levels of 1/3rd-octave bands, which are approximations of critical bands. 

Two main weighting functions are used today, A-weighting, dB(A), and C-

weighting, dB(C). These weightings roughly correspond to the inverse of the 

40-phon equal loudness contour for dB(A) and the 100-phon equal loudness 

contour for dB(C) (ANSI/ASA, 1983; ISO, 2003). A phon is “the median 

sound pressure level … of a free progressive wave having a frequency of 

1000 Hz that is judged equally loud as the unknown sound” (ANSI/ASA, 

1994, p. 35). The A-weighting, originally intended to be used at sound 

pressure levels of approximately 40 phons, is now the standard, and is used 

in most applications. It has been pointed out that this weighting does not 

correspond well to human perception and that the Zwicker loudness model 

(Zwicker & Scharf, 1965) would produce better predictions (Nilsson, 2007). 

However, dB(A) is computationally simple and a good enough 

approximation for many situations, both of which are reasons for the slow 

implementation of more elaborate models of loudness in applied settings. 

When describing the effects between two simultaneous sounds with 

acoustic variables, the sound pressure level of the target sound relative to the 

sound pressure level of the so called masker sound is sometimes used as an 

indicator. This is called the signal–to–noise ratio (S/N) and is expressed in 

dB. The word ‘noise’ in S/N, really means ‘sound’; so sound–to–sound ratio 

would in fact be better, but S/N is the term commonly used. The weighting 

principle used when calculating the S/N ratio is indicated in parentheses, for 

example A-weighted S/N is S/N(A). A S/N(A) of -10 dB between a speech 

sound (signal) in relation to traffic sound (noise), means that the A–weighted 

sound pressure level of the traffic sound is 10 dB higher than the level of the 

speech sound.  

 

Perception of acoustic environments 

Studies of how people perceive outdoor acoustic environments can be 

conducted with several methods. One method is survey studies conducted in 

parks. The results of one park study suggest that sounds of nature and 

children are preferred to sounds of people in general, which in turn are 

preferred to sounds of media broadcasting and transport (Ge & Hokao, 

2004). Corroborating results indicate that suburban green areas are preferred 

to city parks because of less sound from road traffic (Nilsson & Berglund, 
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2006). Yang and Kang (2005) evaluated acoustic environments in central 

Sheffield and found similar preference patterns as the two previously 

described studies, however age moderated these effects significantly. 

Younger respondents had a greater tolerance for music and machine sounds, 

whereas older respondents favored the sound of human activity and birdsong 

(Yang & Kang, 2005). Studies like these, that use real life environments, 

have high ecologic validity, but they are time consuming to conduct.  

Because sound pressure levels have been demonstrated to be highly 

correlated with annoyance (Berglund, Preis, & Rankin, 1990), another 

method to evaluate acoustic environments is to measure exposure to 

different sound sources. Sound pressure levels of specific sources can then 

be used in sound propagation models to fairly accurately predict city–wide 

exposure. In response to the European Environmental Noise directive (END) 

(King, Murphy, & Rice, 2011), several European cities now have maps of 

the sound pressure levels of various unwanted sound sources, such as road, 

rail, and air traffic. Implementing this information in geographic information 

systems (GIS) connects sound exposure to address coordinates, which makes 

it possible to link it to individual register data (Bellander et al., 2001). The 

combined data can then be used to assess how acoustic environments affect 

prevalence of disease or how socio–economic status affects exposure to 

unwanted sounds. However despite the efficiency of noise maps in public 

health studies, they cannot reliably determine how an acoustic environment 

is perceived in other aspects than annoyance.  

To develop a general platform for evaluating the acoustic environment, 

Axelsson et al. (2010) aggregated soundscape–relevant adjectives through a 

principal component analysis. The study resulted in a perceptual space that 

can be described by three prime dimensions, pleasantness, eventfulness, and 

familiarity. Pleasantness explained 50 percent of the variation in the ratings, 

whereas eventfulness explained 18 percent and familiarity 6 percent. This 

result indicates that pleasantness may be relatively more important than 

eventfulness and familiarity for perceptions of acoustic environments. 

Loudness was found to be negatively correlated to pleasantness r = -.59 and 

positively correlated to eventfulness r = .49. This indicates that loudness 

also, but to a lesser extent, is related to other perceptual variables than 

annoyance. Although, the moderately high correlations also indicate that 

other factors than loudness determines experiences of pleasantness and 

eventfulness. Recently the perceptual scale has been labeled the Swedish 

soundscape–quality protocol (Axelsson, Nilsson, & Berglund, 2012). 

A combination of the European Environmental Noise directive END  

(King et al., 2011) with focus on city–wide effects and the perceptual model 

by  (Axelsson et al., 2010) might allow researchers to less intrusively and 

more efficiently study the perception of acoustic environments on a societal 

level.  
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Auditory masking 

Definition of masking 

Masking effects “occurs whenever the reception of a specified set of 

acoustic stimuli (“targets”) is degraded by the presence of other stimuli 

(“maskers”)” (Durlach, 2006, p 1787). This broad definition of masking can 

account for gradual degradations of an acoustic characteristic, for example 

loudness. This makes the definition preferable to other commonly used 

definitions that relate to complete masking, i.e. when the masked sound 

cannot be heard at all.  In many real–life situations both the target and the 

masker is audible, but the target is less well heard. 

From this perspective, it becomes interesting to discuss not only total 

masking but also partial masking, in which only some qualities of the target 

are obscured by the masker. This is the case with partial loudness, in which 

some frequency components are masked while others remain audible, thus 

changing the character of the sound (Glasberg et al., 1997).  

 

Masking in the periphery and in the brain 

Psychoacoustics has shown that masking occur both peripherally and 

more centrally in the auditory system. Peripheral processes are here located 

between the outer ear and the cochlear nuclei (Watson, 2005), whereas 

central processes are located later in the auditory system. Peripheral and 

central masking are related to energetic and informational masking 

respectively. Energetic masking occur when a target and masker have 

overlapping frequency spectra in the periphery, whereas informational 

masking comprises those processes not accounted for by energetic masking 

(Durlach, 2006).  

Energetic masking 

Energetic masking is measured by degradations in loudness of the target 

sound. The original Zwicker (1956) loudness model states that the human 

perception of loudness can be predicted by summing specific activation 

across all critical bands for low and medium sound pressure levels, and also 

for high sound pressure levels, if masking is corrected for. The Zwicker 

loudness model calculates loudness in four steps: 1) correction for outer and 
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middle ear conductance with the use of a filter, 2) transformation of the 

output spectrum to excitation patterns for each critical band, 3) calculation of 

cochlear excitation patterns for all critical bands with regards to masking 

effects, and 4) to obtain overall loudness, summing the critical–band specific 

loudness denoted N’, as the area under the curve for all activated bands 

(Zwicker & Scharf, 1965).   

In 1996, Moore and Glasberg revised the Zwicker loudness model, 

introducing several improvements, of only which the most important will be 

described here. The descriptions of the improvements are order according to 

the bottom–up processing of the auditory system. Early in the auditory 

system, the filter functions that models the processes in the outer and middle 

ear was changed, to account for the low sensitivity to frequencies below 1 

kHz. Below this level the new thresholds follow the 100-phon equal 

loudness contour, whereas above the filter follows the absolute threshold 

curve (the audibility threshold of tones across the hearing range). The 

internal noise, originally thought to account for the lower sensitivity to low–

frequency sounds, is approximated by the difference between the absolute 

threshold and the 100-phon curve. Improvements were also made to the 

calculation of critical bands, implementing the results of experiments using 

the notched noise method instead of the tone methods used by Zwicker 

(Moore & Glasberg, 1996). Several assumption changes were also made. 

The first change was that listeners habituate to internal noise, which is 

corrected in the new model by a constant in the calculation of N’. A second 

change is that N’ cannot be negative, resulting in N’ being added to overall 

loudness only if N’ > 0. A third and perhaps the most important change in 

the Zwicker model in relation to this thesis, is that the specific loudness (N’) 

of both the signal and the masker at each critical–band, is assumed to be 

separated by cochlear mechanics, although, the combined loudness of signal 

and masker are assumed stay constant (Moore & Glasberg, 1996). This last 

assumption change makes it possible to compute auditory masking effects 

separately for both target and masker.  

In 1997, these changes led to a new model of loudness perception, which 

was expanded in 2005. The 1997 model works for continuous sounds, for 

which the model input are the 1/3rd-octave–band spectra of the target and 

masker (Glasberg et al., 1997). The extended 2005 model also incorporates 

the loudness of time varying sounds. Unlike the 1997 model, the specific 

loudness (N’) in the 2005 model is determined in 1-ms intervals for both 

sounds. In addition, the values are later integrated over time using a moving 

average approximation called temporal integration (Glasberg & Moore, 

2005). Although some processes are still not included in the model, such as 

phase effects, binaural masking, and frequency–correlated amplitude 

modulations (Glasberg & Moore, 2005). But the model is still the most 

advanced approximation of energetic masking available. Also, in a recent 

animal study, Recio-Spinoso and Cooper (2013) verified several of the core 
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mechanisms of energetic masking at the basilar membrane level, further 

strengthening the partial loudness model.  

Informational masking  

Masking mechanisms over and above energetic masking are not well 

understood. The term informational masking was originated by Pollack 

(1975, p. S5) to refer to “the threshold change in statistical structure 

resulting from the presence of a neighboring signal of the same amplitude”. 

In the decades following the creation of the term, there has been a tendency 

to somewhat imprecisely categorize all non–energetic masking processes as 

informational masking. This imprecision has made the informational 

masking concept heterogeneous in terms of the perceptual mechanisms it 

accounts for (Lutfi, Gilbertson, Heo, Chang, & Stamas, 2013). This has led 

some researchers to argue against the use of the term, at least without 

properly defining its boundaries (Durlach, 2006; Watson, 2005). But despite 

the ambiguity of the informational masking concept, the term is established 

and will be used here to describe more centrally located masking processes.  

In an effort to lessen the ambiguity of informational masking only two 

informational masking processes will be discussed, masker uncertainty and 

stimulus–masker similarity. Masker uncertainty increases the thresholds of 

signals when presented together with randomly selected masker tones that do 

not overlap the critical band of the signal, thus cannot be caused by energetic 

masking. An effect of up to a 50-dB threshold increase has been reported for 

masker uncertainty (Neff & Green, 1987; Oh & Lutfi, 1998; Watson, Kelly, 

& Wroton, 1976). The general effect of masker uncertainty also seems to 

exist for more realistic everyday sounds, arguing for its relevance in 

everyday life (Oh & Lutfi, 1999). 

Stimulus–masker similarity arises when the target and masker are 

perceptually similar with minimally overlapping frequency patterns (Durlach 

et al., 2003). Kidd Jr., Mason, and Arbogast (2002) demonstrated that effects 

of stimulus–masker similarity range 20–60 dB when looking at signal 

identification, compared with listening in the quiet. Thus, the effects of 

informational masking can also be substantial. But inter–individual 

differences in effect sizes can be of the same size (Lutfi, Kistler, Oh, 

Wightman, & Callahan, 2003), where inter–individual differences of up to 

59 dB have been reported (Neff & Dethlefs, 1995; Oh, Wightman, & Lufti, 

2001). Durlach et al. (2003) argues that these inter–individual differences 

depend on whether the participant listens holistically (large effects) or 

analytically (small effects). In summary the studies on informational 

masking indicates that informational masking can have large effects but that 

the effects differs substantially between people and/or that people differ over 

time in their sensitivity to informational masking. 
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Lutfi et al. (2013) have recently tried to link several informational 

masking mechanisms to form a unified theory, called the information–

divergence hypothesis. The theory states that masking effects are due to 

statistical similarity/dissimilarity between target and masker, regardless of 

the acoustic elements creating these differences. Masking effects can 

therefore be aggregated into a single, unified index, (i.e., Kullback–Leibler 

divergence, simplified as Simpson–Fitter’s da). Empirical testing of the 

theory found consistencies in the index across different informational 

masking processes. Thus, different informational masking processes may be 

caused by a common more centrally located auditory process, which is 

sensitive to statistical similarity in the processed sounds (Lutfi et al., 2013).  

The information–divergence hypothesis does not test the effects of 

attention, which could be important. For example, prior knowledge of 

masker characteristics has been demonstrated to improve the audibility of a 

masked sound, counteracting masker uncertainty and improving thresholds 

for target–masker similarity (Cao & Richards, 2012). Oldoni et al. (2013) 

have built a model of attention capture in everyday acoustic environments. 

The peripheral processes in the model are based on Glasberg and Moore 

(2005), but later processes use neural networks to simulate bottom–up 

selective attention and learning processes. The model was mainly developed 

for quantifying the noticeability of sound sources in acoustic environments, 

which explains the simplified computations compared to auditory processing 

focused models (Oldoni et al., 2013).  

The Lutfi et al. (2013) and Oldoni et al. (2013) models are new and have 

therefore not been used in the studies of the current thesis, but they show a 

modern transition from peripheral processes to more centrally located 

processes. 

 

Effects on masking in acoustic environments 

Few studies have investigated how masking relates to the perceived 

qualities of acoustic environments. In one study where researchers did 

discuss masking effects in urban acoustic environments, they proposed the 

use of water structures to mask unwanted sounds and make the total 

environment more pleasant (Brown & Rutherford, 1994). A later article 

discusses the problem of noise abatement as the prime goal of legislators and 

policymakers, because abatement is often impossible or at least very 

expensive. This could make masking an alternative a possibly cheaper way 

to improve acoustic environments. (Brown & Muhar, 2004).  
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Stress recovery 

 

Definitions of stress 

Stress has been defined in several ways, for example:  

 

Stress is the nonspecific response of the body to any demand made upon 

it. (Selye, 1973p. 692) 

 

Stress occurs when an individual perceives that the demands of an 

external situation are beyond his or her perceived ability to cope with 

them. (Lazarus, 1966, p. 9) 

  

and, more recently, in animal research: 

 

We propose that the term “stress” should be restricted to conditions where 

an environmental demand exceeds the natural regulatory capacity of an 

organism, in particular situations that include unpredictability and 

uncontrollability. (Koolhaas et al., 2011, p. 1291) 

 

Despite the differences between the definitions in specificity and focus, 

there is also a common ground. To some extent all definitions call bodily 

reactions to a demand for stress. Selye (1973) further argues that the body 

reacts very differently depending on the stressor, therefore the response is 

non–specific. Lazarus’ definition concerns perceived stress events, focusing 

on interactions between stress and psychological variables (Lazarus, 1966; 

Lazarus & Folkman, 1984). Koolhaas et al. (2011) want to narrow the 

definition to apply only to events that are detrimental to the body, to prevent 

that all demands, regardless of bodily effects are thought of as stressors.  

Acoustic environments would, according to the logic of these definitions, 

elicit a certain number of specific responses, possibly depending on the 

individual’s perception of the environment; these responses may or may not 

reach a cutoff for being detrimental to the individual, and consequently for 

being called stress responses.  
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Allostatic load  

Allostasis is the balance or homeostasis–preserving process that up and 

down regulates bodily functions to meet anticipated and perceived demands 

(Sterling & Eyer, 1988). Allostatic load is experienced when the allostatic 

process is strained to keep up with external demand, and thus indicates a 

stressful situation (McEwen, 1998). Four basic systems are affected by 

allostatic load, i.e., the cardiovascular system, the metabolic system, the 

immune system, and the brain. Depending on which system is affected, high 

allostatic load can lead to long–term illnesses, such as hypertension, 

diabetes, rheumatism, and neural atrophy (McEwen, 1998, p 38). 

 

Stress recovery 

The stress process can be separated into three phases, i.e., the 

anticipatory, the stress response, and the stress recovery phases (Brosschot, 

Pieper, & Thayer, 2005; Linden, Earle, Gerin, & Christenfeld, 1997; Monat, 

Averill, & Lazarus, 1972). Consideration to phase specific response is 

important as different mechanisms can regulate the functioning during each 

phase.  In recent decades, a growing body of research has demonstrated that 

the stress recovery is important to how people handle stress (Glynn, 

Christenfeld, & Gerin, 2002; Haynes, Gannon, Orimoto, O'Brien, & Brandt, 

1991; Linden et al., 1997; Sanchez, Vazquez, Marker, LeMoult, & 

Joormann, 2013). Stress recovery has been defined as: “changes in stressor–

induced responses following stressor termination” (Haynes et al., 1991). In 

allostatic terms, good stress recovery occurs when the allostatic load has a 

short duration after the stressor has ended. Different physiological systems 

have different deactivation mechanisms. In the autonomous nervous system, 

the most relevant system for this thesis, stress recovery happens through a 

combination of decreasing sympathetic activity and increasing 

parasympathetic activity (Blascovich, 1990). Kellmann (2010) argues that 

stress and stress recovery must be proportional, i.e., if the stress load is high, 

so is the demand for recovery, at least at higher allostatic loads.  

Stress recovery in relation to the environment has been examined in only 

a few studies. Ulrich et al. (1991) showed that stress recovery can be 

improved in natural rather than man–made environments by using audio–

visual stimulation, where the findings were consistent across several 

cardiovascular indicators. Later several studies, have not replicated this clear 

pattern found in this study. Annerstedt et al. (2013) used audio–visual 

stimulation, were they found improved stress recovery through 

parasympathetic activation, but only in this one of many tested indicators. 

Parsons, Tassinary, Ulrich, Hebl, and Grossman-Alexander (1998), using 

visual stimulation, found support for improved stress handling in pleasant 

environments, but not clearly across several indicators. A recent study found 
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that subjects displayed increased parasympathetic activation during stress 

recovery when looking at nature scenes, but not on cardiovascular blood 

pressure indicators  (Brown, Barton, & Gladwell, 2013). It is difficult to 

know why later studies have failed to obtain as strong results as Ulrich et al. 

(1991) did; however, the difficulty to find clear results indicate that stress 

recovery is affected by several factors other than the environment. The 

effects would otherwise be more stable across studies.  

No previous studies have used only auditory stimuli with an 

environmental focus, but related music research on stress recovery has 

demonstrated that classical music has positive effects (Chafin, Roy, Gerin, & 

Christenfeld, 2004). In addition, when categorizing music by pleasantness 

rather than music category, Sandstrom and Russo (2010) obtained similar 

results, finding that music with negative valence resulted in poorer stress 

recovery. This indicates that auditory stimulation can affect stress recovery, 

but whether this is the case for environmental sounds remains uncertain. 

 

Generalizability of laboratory stress 

Most investigations of stress and stress recovery use experimental setups 

with laboratory stressors, where the recovery process is followed up to one 

or two hours after stressor exposure. However, Schubert et al. (2012), using 

real–life stress events, found residual stress responses up to 84 hours after 

the stress event ended. This indicates both the potency of real–life stress and 

that short–term stress recovery measurement may overlook a large part of 

the recovery process. 

Some researchers have even opposed the generalization of laboratory 

stress test results to real–life settings, mainly due to the use of unrealistic 

stressors and the low levels of stress elicited by these. Schwartz et al. (2003) 

argues that stressor duration in the laboratory, versus in real life, is often 

short, leading to underestimation of the effects of chronic stress, but that  

social stressors in the laboratory seems more generalizable than other types 

(Schwartz et al., 2003). This has later been corroborated by Llabre, Spitzer, 

Siegel, Saab, and Schneiderman (2004) who found, while examining long–

term blood pressure increases related to social and non–social stressors, that 

social stressors gave more stable stress responses. Dickerson and Kemeny 

(2004) also conducted a meta–analysis of cortisol response to several 

commonly used laboratory stressors, finding that uncontrollable social–

evaluative stressors resulted in the largest effects.  

The ability to link laboratory results to real–life stress events is limited, 

by the experiment environment, by the lack of relevant real–life stressors, 

and by the short duration of post–stress data collection. Note, however, that 

this criticism mainly concerns problems with underestimation of stress 

responses. 
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Long–term stress from acoustic environments 

Several studies have demonstrated that unwanted sounds have 

detrimental health effects at the population level. The results of studies of 

unwanted sounds (referred to as “noise” in the literature) are described in 

two World Health Organization reports (WHO, 1999, 2011); both reports 

specify detrimental effects on cognition, learning, hearing, and 

cardiovascular disease. The underlying mechanisms of long–term 

cardiovascular diagnoses such as myocardial infarction and hypertension are 

still largely unknown. But two main theories persist, the first stating that 

long–term effects is a result of many short–term stress responses mediated 

by annoyance, and the second states that long–term effects arise due to sleep 

disturbance (Babisch, 2002). It is still unclear, whether one or both or some 

other unknown mechanism mediates the long–term effects. 

Haralabidis et al. (2008) found evidence supporting the sleep disturbance 

theory by examining elevations of blood pressure during exposure to several 

sound sources, i.e., road traffic, partner, air traffic, and train sounds. They 

found blood pressure elevation independent of sound source. This effect was 

interpreted as indicating that individuals have less ability to cope during 

sleep, making them more susceptible to acoustic stressors. However, this one 

piece of empirical support is hardly enough to reject or confirm any of the 

long– term effect theories, but it indicates that sleep disturbance to some 

extent mediates the long–term effects. 
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Speech intelligibility 

Speech perception  

Spoken language allows complex information to be transferred from one 

individual to others in an efficient way. The ability to recognize speech is 

impressive. Humans can follow 400 words per minute or almost seven words 

every second. In everyday speech, however, a more common rate is two to 

three words per second (Rossing et al., 2002, p 356). In the speech 

perception literature, the study object is seldom whole words, but smaller 

entities such as syllables or even smaller entities, such as phonemes (Moore, 

2004). The perception of speech can be defined as “the process of imposing 

a meaningful perceptual experience on an otherwise meaningless speech 

input” (Massaro, 2001, p 14870). Speech perception also stands in contrast 

to the perception of acoustic environments in that it entails active listening. 

Research into speech perception is extensive and is conducted in many 

disciplines (Moore, Tyler, & Marslen-Wilson, 2008), unfortunately often in 

isolation from each other. For example, the continued use of the bark scale 

(Shao & Chang, 2007; Zareian, Zargarchi, & Sarsarshahi, 2012) to 

determine critical bands previously used by Zwicker and Terhardt (1980) 

may be considered less than optimal, as a more sensitive model using equal 

rectangular bandwidths (ERB) has been available for some time now 

(Glasberg & Moore, 1990). 

 

Factors influencing speech intelligibility  

Speech intelligibility is related to several factors of both the spoken sound 

and the environment in which it is perceived. In most real life situations, 

speech intelligibility is unproblematic compared with other language–related 

difficulties, such as understanding what a person is actually trying to convey. 

However, when speech cues become less audible because of background 

sound, ageing–related hearing decline, or general hearing impairment, the 

intelligibility of words and sentences becomes more important (Pichora-

Fuller, 2003). In acoustics, speech intelligibility is defined as the “percentage 

of speech units correctly received out of those transmitted” (ANSI/ASA, 

1994, p 37). For example, a sound would be detrimental in an acoustic 

environment if fewer words are heard (i.e. they are masked), than without 

the sound. 
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Speech intelligibility is affected by several factors, such as masker 

characteristics, speech level, and speech characteristics (Lazarus, 1987). The 

masker spectrum is a masker characteristic, where speech noise maskers 

generally are more adverse to communication than are traffic noise or high–

frequency maskers (Christiansen, Pedersen, & Dau, 2010). This result would 

be assumed to hold in situations in which energetic masking is the dominant 

form of masking, whereas in situations where the target and masker sound 

have different frequency patterns, informational masking effects may take 

precedence (see Glasberg et al., 1997). Echoes, phase distortion, and 

reverberation are environmental factors that can adversely affect 

intelligibility (French & Steinberg, 1947; Ljung & Kjellberg, 2009), often 

making the acoustic environment sound nosier.  

Speech characteristics of the target sound, such as voice effort and voice 

frequency spectrum, have nonlinear effects on intelligibility. For example 

lowering or raising a voice from normal levels is detrimental to speech 

intelligibility. This effect was shown early on by Pickett (1956), who found 

that good intelligibility occurs with a voice effort of 55–75 dB, at least 

within signal–to–noise ratios of –6 to +6 dB. When speech is produced in 

environments subjected to masking background sound, the speaker 

compensates by not only raising his or her voice by 2–5 dB for a 10-dB rise 

in background level (Lane, Tranel, & Sisson, 1970), but also by changing the 

pitch, prosody, and vowel formation (Södersten, Ternström, & Bohman, 

2005; van Summers, Pisoni, Bernacki, Pedlow, & Stokes, 1988). 

Interestingly, other primates also display a similar modulation of vocal 

patterns when subjected to masking background sounds, indicating a cross–

species biological principle governing this process (Brumm & Slabbekoorn, 

2005; Brumm, Voss, Köllmer, & Todt, 2004). However, there are some 

situations in which the speaker cannot modulate his or her speech due to 

environmental factors; for example, in video, radio, and to some extent 

telephone speech, most speech characteristics are fixed regardless of the 

listening conditions. The findings on voice modulation by van Summers et 

al. (1988) may indicate why volume increase seldom works well. Because 

voice modulation, in several acoustic characteristics, to some extent 

indicates the need of such modulation in a specific environment, which 

suggests that increases only in the volume characteristic rarely would suffice. 

Hearing status also clearly affects speech intelligibility, and three main 

causes of impaired hearing are, presbycusis, hearing loss of pathological 

origin, and noise–induced hearing loss (Plomp, 1986). The speech 

intelligibility models described below are only applicable for impaired 

hearing characterized by increased thresholds at different frequency bands, 

so other causes undefinable in terms of frequency cannot be modeled. 

Although, such impairments have been shown to affect speech intelligibility, 

Larsby, Hällgren, Lyxell, and Arlinger (2005) report that hearing–impaired 
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people is also negatively affected by temporal variations in the masker, 

which is a process not captured by time–frozen frequency bands. 

 

Speech intelligibility models 

Models of speech intelligibility have been developed mainly for applied 

science in telephone communication, teaching, and the military. The models 

are constructed with more or less black box methodology (only input–output 

consideration) which may tell little about the mechanisms of speech 

intelligibility. However, the use of black box models is relatively 

unproblematic in applied contexts, as focus there is on prediction of speech 

intelligibility, not on understanding its mechanisms.  

Early models 

The articulation index (AI) was originally developed in the telephone 

industry to avoid costly experiments when assessing intelligibility in 

communication circuitry. The model divides hearing into 20 bands from 250 

to 7000 Hz and determines the masking in each of these bands. The AI is the 

sum of all signal intensities in these bands, after correction for masking 

(French & Steinberg, 1947; Kryter, 1962).  

A contemporary model is the speech interference level (SIL), developed 

primarily to improve communication in work environments. The SIL is 

computed from a test signal that specifies the level of interference with 

speech, which in the model depends on the masker level (in dB) at four 

octave bands (i.e., .5, 1, and 2.4 kHz). The speech interference level (SIL) 

uses the articulation index (AI) to specify a satisfactory articulation level 

(Beranek, 1947).  

Speech transmission index, STI 

Steeneken and Houtgast (1980) developed the articulation index by 

improving the model’s ability to predict nonlinear interferences, such as 

peak clipping and reverberation. The STI model reduces the number of 

octave bands used from 20 to seven (AI), but instead weights the 

contribution of each band. The greatest contribution comes from the mid–

frequency octave bands (0.5-5 kHz) (IEC, 2011; Steeneken & Houtgast, 

1980), i.e., the most sensitive bands in human hearing (e.g. Suzuki & 

Takeshima, 2004). The contribution of nonlinear distortions is determined in 

the mid–frequency range, by the use of a speech–like sinusoid signal that 

measure introduced harmonics in other frequency bands. In addition, 

envelope–changing time domain distortions such as reverberation are 

compensated for by a function, in frequencies commonly subjected to 

speech–related envelope disturbances (i.e., 0.63–12.5 Hz in 1/3rd-octave 
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band intervals). Both nonlinear distortions and envelope disturbances give 

independent weights to each octave band. The final STI index is the 

weighted mean of the modulated transfer index for the seven octave bands 

(IEC, 2011; Steeneken & Houtgast, 1980).  

Speech intelligibility index, SII 

Another expansion of the AI is the speech intelligibility index (SII) 

(ANSI/ASA, 2012). There are some similarities between the SII and the STI, 

such as the weighting of octave bands according to their importance for 

speech perception. But, the SII model uses 6–21 frequency bands instead of 

seven as the STI model, which creates a more flexible input. There are also 

four standard speech spectra in the SII, varied in voice effort, to incorporate 

voice effort related effects (Södersten et al., 2005; van Summers et al., 

1988). Both models have an internal noise representation, but the SII also 

specifies weights for diffuse and free–field listening. A unique feature of the 

SII model is the ability to use the hearing spectra of the listener, making the 

model usable for determining intelligibility in various hearing–impaired 

groups (ANSI/ASA, 2012). However, the simulation of time– and 

frequency–modulated distortions, present in the STI model, has not been 

implemented in the most recent version of the SII.  

 

Modern model usage 

Christiansen et al. (2010) recently proposed a model of speech 

intelligibility using the gammatone filter band, instead of hamming windows 

as in the partial loudness model (Glasberg & Moore, 2005). The model of 

such peripheral processes was implemented from Dau, Kollmeier, and 

Kohlrausch (1997). Compared with previously mentioned models, the 

Christiansen et al. (2010) model also considers the internal representation of 

speech sounds, thus accounting for some central processes. The model 

performs as well as the SII does on most maskers, but better than the SII for 

binary masks (i.e., sharp–edged, intermittent, and high–amplitude masks). 

The model’s simulation of central processes may account for its better 

predictions using binary masks, where perception are likely more dependent 

on a semantic understanding of the speech context. 

In sum, although there are more recent models, the SII is a common 

measure of speech intelligibility. Previous models do not have the same 

flexibility of input measures or as many filters for moderating variables, 

such as speech level, hearing, and free–field effects. The new Christiansen et 

al. (2010) model has not been generally accepted yet, however, its high 

agreement with the SII in all but binary masked cases may be a second 

reason for the slow implementation process.  
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Aims of the thesis 

The general aim of this thesis is to study the effects of combinations of 

wanted and unwanted sounds with regard to masking, stress recovery, and 

speech intelligibility. The specific research questions were: 

 

 

Q 1)  To what extent can auditory masking be used to improve acoustic 

environments? (Study I) 

 

Q 2) Can wanted nature sounds, compared with less wanted traffic and 

ambient sounds, facilitate stress recovery? (Study II) 

 

Q 3) At what sound pressure level does aircraft sound interfere with speech 

comprehension? (Study III) 

 

Q 4)  Is the partial loudness model suitable for predicting the effects of 

wanted and unwanted sounds in outdoor environments? (Studies I and 

III) 
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Summary of studies 

The three studies that comprise the empirical part of this thesis examine 

how masking, stress recovery, and speech intelligibility are affected by 

wanted and unwanted sound in outdoor acoustic environments. All three 

studies use outdoor sound stimuli from urban contexts. Studies I and II are 

connected by the study of responses to generically wanted and unwanted 

stimuli. Studies I and III are connected by the evaluation of responses by the 

partial loudness model (Glasberg & Moore, 2005). Table 1 summarizes the 

distinguishing features of the three studies. 

 

Table 1 

Descriptions of studies I–III; all studies were laboratory experiments with a mixed 

design for experiment conditions. 

Study Recording Sound Location Method Variables 

I binaural water 

road traffic 

indoors magnitude estimation perceived loudness 

partial loudness 

 

II binaural nature 

road traffic 

ambient 

indoors perceptual rating 

physiology 

pleasantness 

eventfulness 

familiarity 

SCL 

HF HRV 

 

III ambisonic speech 

aircraft  

 

outdoors speech recognition  proportion correct 

SII 

partial loudness 

S/N(A) 

 

Note. Skin conductance level (SCL), high–frequency heart rate variability (HF HRV), speech 

intelligibility index (SII), signal–to–noise ratio (S/N(A))  

. 
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Study I: Auditory masking of wanted and unwanted 

sounds in a city park 

Background and Aims 

Traffic sounds are generally perceived as unwanted and water sounds as 

wanted (Lavandier & Defréville, 2006; Nilsson & Berglund, 2006). 

However, because it is difficult to use abatement methods to reduce 

unwanted traffic sounds in urban environments, it has been suggested that 

traffic sounds may be masked with sounds from water structures. This could 

potentially be a more feasible way to improve urban acoustic environments, 

than abatement methods (Booth, 1983; Brown & Muhar, 2004; Brown & 

Rutherford, 1994; Perkins, 1973). The Glasberg and Moore (2005) partial 

loudness model is the most developed loudness–masking model to date. But, 

the partial loudness model only considers energetic masking, although 

differences between predictions of the model and participant ratings can be 

used to assess informational masking in later processes of the auditory 

system.  

The purpose of Study I was to compare and quantify auditory masking 

effects on loudness between fountain sounds and road traffic sounds. 

Method 

Two experiments were conducted. In the first experiment, 17 university 

students were asked to rate, by magnitude estimation (Gescheider, 1997), the 

loudness of traffic and fountain sounds presented through headphones. The 

stimuli were 84 five–second sound clips taken from longer recordings made 

at Mariatorget, a Stockholm city park. The recordings were conducted at 

seven equidistant locations along the central axis of the park, with the central 

fountain (Tors Fiske) both turned on and turned off. In half the stimuli the 

fountain was turned on and in the other half the fountain was turned off. For 

each condition (on/off) and location (seven), six sound clips were selected 

(in total 2 × 7 × 6 = 84 clips). The order of the experimental conditions was 

randomized between participants.  

In the second experiment, 64 mixed sounds from two five–second 

recordings were used, dominated by either the road traffic or fountain sound. 

Sixteen participants were asked to rate the loudness of the traffic and 

fountain. Half of the stimuli used the fountain sound as the masker and the 

other half used the road traffic as masker. The participants’ task was to rate 

the target sounds loudness. 

 

 



 

27 

Results and conclusions 

 

The results of the first experiment indicated that road traffic sounds were 

better at masking the fountain sounds than vice versa. The zone of influence 

(Brown & Rutherford, 1994) of the fountain was approximately 20–30 

meters from the fountain, and at 10–20 meters from the main road the traffic 

sound completely masked the fountain sound. However, the road traffic 

sound was never completely masked by the fountain sound.  

The second experiment showed that road traffic sound was moderated by 

the 65 dB(A) fountain sound masker, from between 1 and –6 dB, compared 

to the road traffic sound heard alone. The corresponding effect for the 

fountain sound when masked by the road traffic sound was between 0 and –5 

dB. The study also compared the participant ratings with results of the 

Glasberg and Moore (2005) model, which predicted that the road sound 

would be masked by between –6 and –28 dB and fountain sound by between 

–10 and –28 dB. The model predicted a greater masking effect than the 

participants experienced. The prediction error averaged 11 dB for the road 

traffic sound and 12 dB for the fountain sound.  

The results suggest that masking road traffic sound with water sound may 

prove difficult. But if water sounds are used for this purpose, a water 

structure close to the road seems preferable to a central location. The 

prediction of the partial loudness model (Glasberg & Moore, 2005) was 

inaccurate for the real–life stimuli used. This corroborates earlier findings 

regarding comparable nature sound masking situations (Bolin, Nilsson, & 

Khan, 2010). These differences between model predictions and participant 

ratings could be attributable to informational masking by target–masker 

similarity. The reciprocal nature of the effects, were the target sound 

regardless of source was perceived as louder than expected by the loudness 

model, indicate that attention may mediate the direction of the informational 

masking. Attention capture in wanted sounds could therefore be an 

alternative approach for practitioners to improve urban acoustic 

environments.  
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Study II: Stress recovery during exposure to nature 

sound and environmental noise 

Background and aims 

 

Previous research has identified positive effects of exposure to natural 

environments in terms of surgery recovery, wellbeing, decreased negative 

affect, and decreased stress responses (Grinde & Patil, 2009; Hartig, Kaiser, 

& Bowler, 2001; Maller, Townsend, Pryor, Brown, & St Leger, 2006; 

Parsons et al., 1998; Ulrich, 1984; Ulrich et al., 1991; van den Berg et al., 

2007). Research of stress recovery effects in different environments has used 

audio–video recordings (Ulrich et al., 1991). However, stress recovery 

studies that only use auditory stimulation in an environmental setting are 

lacking. 

The purpose of Study II was to examine stress recovery during exposure 

to sounds from nature, road traffic, and ambient sources, after induced 

psychological stress.  

Method 

 

Forty university students participated in the experiment. Each participant 

performed five two–minute mental arithmetic tasks, with a five–minute 

baseline period before the first task and a four–minute relaxation period 

between each task. During the four relaxation periods four sounds were 

presented through headphones: one road traffic sound at 80 dB, one road 

traffic sound at 50 dB, one ambient sound at 40 dB, and one nature sound at 

50 dB LAeq. The two physiological stress indicators, skin conductance level 

(SCL, sympathetic indicator) and heart rate (HR) were measured 

continuously throughout the experiment. After the experiment, each 

participant listened to the four sounds again and rated them on three bipolar 

scales the scales measured, pleasantness, eventfulness, and familiarity 

(Axelsson et al., 2010). HR measurements were used to compute high–

frequency heart rate variability (HF HRV, parasympathetic indicator). 

Results and conclusions 

 

The results indicated that the nature sound was perceived as more 

pleasant than the other sounds, the 80 dB LAeq road traffic sound being 

perceived as the least pleasant. Ratings also indicated that the ambient sound 

was perceived as the least eventful and least familiar of all four sounds.  
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On average, the participants’ SCL recovered faster during nature sound 

stimulation than during the other sounds, as tested by a 4 × 4 mixed 

ANCOVA (p = .048) with baseline as covariate. Although, a pairwise 

comparison showed that this effect was only statistically significant between 

the 80 dB LAeq road traffic sound and the nature sound. A nonlinear 

regression analysis was conducted, fitting a power function to assess the 

time at which the physiological measure was halved from post–stress test 

levels. This analysis indicated that the nature sound was associated with the 

fastest recovery (101.3 s), followed by the 50 dB LAeq traffic noise (111.4 s), 

the ambient noise (121.3 s), and the 80 dB LAeq traffic noise (159.8 s). No 

effects were found on stress recovery as measured by HF HRV.  

The study suggests that stress recovery is faster during exposure to a 

nature sound than during exposure to less pleasant sounds. The result also 

suggests that this effect is mediated primarily through the sympathetic 

nervous system rather than the parasympathetic system. The differences in 

pleasantness found between the nature sound and the other sounds may be 

the mechanism that drives the effect, which would be in line with theories of 

improved stress coping when associated with positive emotions 

(Fredrickson, Mancuso, Branigan, & Tugade, 2000), but this was not 

explicitly tested. The relatively slow recovery during the 40 dB LAeq ambient 

sounds could be caused by  increased mental activity due to the unfamiliarity 

of the sounds (Adank, Evans, Stuart-Smith, & Scott, 2009). The results of 

Study II suggest that, physiological recovery of sympathetic activation after 

psychological stress is faster during exposure to pleasant nature sounds, than 

to less pleasant noise of lower, similar, or higher sound pressure level. 
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Study III: Aircraft noise and speech intelligibility in 

outdoor living spaces 

Background and aims 

 

The impact of acoustic environments on speech communication can be 

measured with speech intelligibility models (French & Steinberg, 1947). 

Earlier research has usually been conducted indoors (Bradley, 1986; 

Bradley, Sato, & Picard, 2003). In these environments, impaired speech 

intelligibility is commonly caused by reverberation (Bistafa & Bradley, 

2000; Bradley, Reich, & Norcross, 1999), but in a reverberation–free 

outdoor environment, other factors is more important. Masking has been 

shown to have a strong relationship with speech intelligibility (WHO, 1999), 

this indicates that partial loudness (Glasberg & Moore, 2005) may constitute 

an alternative model of speech intelligibility outdoors. Sound from aircraft 

passages are a common source of annoyance both indoors and outdoors 

(WHO, 2011), but its effects on speech intelligibility outdoors have not been 

studied thus far.  

The purpose of Study III was to investigate the effect of aircraft sound on 

speech communication outdoors by comparing predictions from three 

models of speech intelligibility. 

Method 

 

Twenty participants conducted an outdoors listening experiment in which 

they listened to nine phonetically balanced wordlists (Lidén, 1954; 

Magnusson, 1995) presented in an first–order ambisonic rig (cubical eight–

channel loudspeaker rig). Each wordlist contained 50 words and the 

participants’ task was to identify and write down the words. The first 

wordlist was presented alone. The other eight wordlists were presented 

simultaneously with sounds from two different aircraft passage scenarios. 

Each scenario comprised five aircraft passages and was four minutes long. 

The aircraft sounds were recorded 1500 meters from runway two at Arlanda 

Airport. The sound pressure level of the speech sound was set during a pilot 

test to approximately 54 dB LAeq, which was perceived as a comfortable 

sound pressure level. The ambient background sound in the outdoor space 

had an average sound pressure level of 47.5 dB LAeq. 

All word lists and both aircraft passage events were reproduced and 

recorded in the ambisonic rig without a participant. The words were cut from 

the recordings and the indices of these segments were used to cut an equal 

number of excerpts (i.e. 500) from both aircraft passage sounds scenarios. 
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All 1500 sound files were then analyzed in Artemis S 7.00, 1/3rd-octave 

bands, LAeq, and the speech intelligibility index (SII) were computed for all 

sounds. The signal–to–noise ratio, S/N(A), was computed by subtracting the 

aircraft sound level from the word level in dB(A). The sounds files were also 

analyzed for partial loudness using a sequencing script in Matlab 2012a, 

which ran partmon.exe (Glasberg & Moore, 2005). 

Results and conclusions 

The word identification answers were coded as correct or incorrect, 

ambiguous answers were coded as incorrect. The proportion correct was 

calculated for each position in a word list, in total 50 positions for each of 

the two aircraft noise scenarios. These measures were then connected to the 

speech intelligibility predictions at those positions. The three acoustic 

measures: S/N(A), the SII, and partial loudness were compared, which 

resulted in high correlations ranging from r =.95 to r = .97. To generate 

predictions for all three models, the cumulative distribution function was 

fitted to the proportion correct and the three model indicators using the 

logarithm of the SII values, as the other two models naturally generate log–

scale output.  

The results suggest that a comfortable listening level outdoors is S/N(A) 

6.8 dB and that the proportion correct falls below an acceptable level of 95 

percent correct at S/N(A) 0 dB. The approximate proportion correct when 

the wordlists was presented alone. Model comparisons indicated that the SII 

and partial loudness are comparable in performance, while S/N(A) displayed 

marginally worse predictions. This suggests that applied use of S/N(A) in 

settings similar to those of the experiment may be acceptable. 

Previous research has often advocated higher S/N(A) ratios of up to +15 

dB(A) (Bradley et al., 1999; Bradley & Sato, 2008), partly derived from the 

focus on transfer of information (Bradley & Bistafa, 2002; Gover & Bradley, 

2004). However, in more casual communication settings, this may lead to 

recommendations of overly high signal levels, this suggest that context 

specific considerations is important.  

The high correlations between all models suggest that these can be used 

interchangeably in assessments of outdoor speech intelligibility. The partial 

loudness model can therefore be used to predict speech intelligibility, even if 

Glasberg and Moore (2005) did not develop the model explicitly for this 

purpose.  
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General discussion 

The general discussion is divided into four sections corresponding to each 

of the four research questions of the thesis. The strengths, limitations, and 

conclusions concerning each question are discussed within these sections. 

The last section, “Concluding remarks,” synthesizes the findings regarding 

wanted and unwanted sounds in acoustic environments.  

 

Q1. To what extent can auditory masking be used to 
improve acoustic environments?   

Brown’s idea of using wanted water sounds to improve acoustic 

environments (Brown & Muhar, 2004; Brown & Rutherford, 1994) is 

tantalizing. By applying the broad definition of masking (Durlach, 2006, p 

1787) and the partial loudness model (Glasberg & Moore, 2005), it should at 

least be theoretically possible to reduce the loudness of an unwanted road 

traffic sound to promote a wanted sound from a water structure. However, 

Study I suggests that this is difficult to accomplish because of the differences 

in frequency content between the water sound and the traffic sound. 

One obvious question is whether these experiment derived results are 

representative of actual outdoor environments. Several facts suggest that 

they are. Compared with many traditional psychoacoustic studies, Study I 

used high–quality recordings of real acoustic environments, conducted with 

a binaural head to obtain the benefits of the high level of control of the 

laboratory as well as a realistic acoustic environment reproduction. Stimuli 

were also sampled to generate realistic variations in sound pressure level for 

both target and masker, by recording at seven places along the central axis of 

the park and by taking representative excerpts from these recordings. The 

first experiment in Study I examined the effect of the distance–varied 

masking effect that naturally occurred in the park, while the second 

experiment investigated the potential effects of several target and masker 

levels to evaluate both sounds as maskers. The use of loudness as the output 

variable is justified, because it is closely linked to annoyance (Berglund et 

al., 1990). Loudness is also more easily rated than are other more subjective 

perception–scales such as tranquility (e.g. Pheasant, Horoshenkov, Watts, & 

Barrett, 2008). Participant sampling is problematic in psychology, as most 

studies use samples from western universities while proclaiming the global 

applicability of the results (Henrich, Heine, & Norenzayan, 2010). The 
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sampling in Study I manifests such a problem, but the partial loudness model 

used is based on peripheral auditory processes, which are likely more 

coherent across age and cultural boundaries. But the effects of loudness may 

of course differ in populations not represented in the sample. From a gestalt 

perspective, some researchers would argue that people in their everyday 

lives do not generally perceive the loudness of sounds, but rather sound 

source characteristics (Gaver, 1993). As previously mentioned, however, 

there is a strong relationship between loudness and annoyance (Berglund et 

al., 1990; Nilsson, 2007), and loudness is also important to overall 

impressions of the acoustic environment (Kawai & Yano, 2002), so the 

gestalt theory critique is of less concern to the results of Study I. The 

laboratory listening situation may constitute a more serious problem, 

because it is visually detached from an outdoor environment. However, an in 

situ study has its own problems, it restricts what kind of methods that can be 

used and it introduces measurement errors due to unexpected sound events 

(e.g., car horns and construction sounds). Participant reactions to such events 

may very well obstruct effects of the sounds actually studied. Although, the 

lack of visual stimulation in Study I lessens the applicability to real–life 

settings, but knowledge of the separate effect of auditory perception is 

important to understand how audio–visual effects are integrated.  

Study I suggest that improving acoustic environments by means of 

energetic masking is difficult if the masking effect are determined primarily 

by informational masking processes. Energetic masking is mainly conveyed 

through basilar membrane processes (Glasberg & Moore, 2005; Glasberg et 

al., 1997; Zwicker & Scharf, 1965), but more centrally located processes 

stemming from target–masker similarity may counteract such effects. The 

large effects of informational masking previously found (Kidd Jr. et al., 

2002; Neff & Green, 1987; Oh & Lutfi, 1998; van Kempen et al., 2010; 

Watson et al., 1976), show the potency of informational masking, and also 

indicate that informational masking may be a viable alternative for designing 

acoustic environments. To improve an acoustic environment by masker 

uncertainty, a masker should be made predictable, as unpredictability 

increases the threshold of target sounds (Lutfi et al., 2013). For a traffic 

noise such as the masker in Study I, for example, this could mean 

arrangements to reduce the speed variation (i.e., acceleration and 

deceleration) near parks and recreational areas. This could for example, by 

done by reductions in the number of traffic lights and crossings at such 

locations. Buildings also worsen the acoustic environment through 

increasing the amount of reflected sound (Horoshenkov et al., 1999). 

Therefore installation of sound–absorbent surfaces and careful consideration 

of the shapes of sound–reflective surfaces could also be used to acoustically 

design urban environments.  

The differences between the predictions of the partial loudness model 

(Glasberg & Moore, 2005) and the participant ratings of loudness in Study I 
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may be related to the attention shifts of the participants in the experiment. 

The reciprocal nature of the effect suggests that auditory streaming processes 

(Bregman, 1990) may be involved. A potential mechanism is that the target 

stream borrows energy in specific critical bands from the masker, which 

increases the perceived loudness of the target compared with the target heard 

alone. Speculatively, facilitating attention shift to a wanted sound could be 

used in acoustic environment design: oddballs could be added to the wanted 

sound stream, drawing attention to the wanted sound and thus improving the 

perceived acoustic environment. Such effects could potentially be modeled 

by the notice event model proposed by Oldoni et al. (2013). 

To conclude, improving an acoustic environment by masking unwanted 

sounds with wanted sounds may prove difficult. A potentially more feasible 

way would be to use informational masking processes, because it involves 

both large effects and relatively flexible mechanisms such as attention.  
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Q2. Can wanted nature sounds, compared with less 

wanted traffic and ambient sounds, facilitate stress 
recovery?   

Several studies have found that stress recovery is affected by 

environmental stimulation from visual and auditory sources (Annerstedt et 

al., 2013; Brown et al., 2013; Parsons et al., 1998; Ulrich et al., 1991). It has 

also been shown that stress recovery can be improved by using different 

selections of music (Chafin et al., 2004; Sandstrom & Russo, 2010). This 

indicates that at least some acoustic environments influences stress recovery. 

The main finding of Study II was that stress recovery through sympathetic 

deactivation is faster with a wanted (i.e., more pleasant) sound, than with 

three less wanted sounds of similar, lower, or higher sound pressure level.  

The stimulus recording and selection in Study II was of the same high 

quality as in Study I. Although all sounds used, except the ambient sound, 

were mixtures of the ambient sound and the road traffic sounds or the nature 

sound. The nature sound combined an event–rich sound (a birdcall) with a 

monotonic sound (flowing water) to make the character of the nature sound 

resemble that of road traffic sound, otherwise the large general character 

difference between the two types of sounds would confound the results. In 

contrast to Studies I and III, the perception of the acoustic environment was 

measured in Study II using rating of the Swedish soundscape–quality 

protocol (Axelsson et al., 2010; Axelsson et al., 2012). The separation in 

pleasantness ratings between the sounds in Study II largely follows the stress 

recovery effect, indicating that pleasantness may mediate the effect. This 

measurement of perceptions of the acoustic environment is a strength 

compared with other studies, because it is often simply assumed that some 

sounds are wanted without investigation if this is the case for the current 

participants. The use of intra–individual comparisons in Study II reduces 

error variance, but because the recovery period was shorter than needed, 

additional stress aggregation effects were introduced. These effects were 

partly compensated for by the Latin–square order, but a longer recovery 

period between the stress tests would have reduced the amount of error 

variance further. In theoretical terms the stress aggregation effect indicate 

that, the participants’ allostatic system (McEwen, 1998) was generally 

unable to respond strongly enough to regain the homeostatic level (i.e., 

baseline) before the next stressor session started. The use of mental 

arithmetic as a stressor likely produced less stress response than would a 

more real–life relevant social stressor, as suggested by Schwartz et al. 

(2003). On the other hand, using a stronger stressor would require an even 

longer recovery period to allow the allostatic system to cope with the effect, 

an aspect to consider when using within–subject designs in stress recovery 

studies. However, a more demanding stressor could potentially both increase 



 

37 

the starting point of the recovery curve and make responses across 

participants more consistent. This is does not impinge on the present results, 

but the stress response in Study II is likely lower compared to real–life 

stressors. The use of two indicators of separate allostatic systems enhances 

the ability of Study II to understand the physiological response mechanisms 

(Berntson, Norman, Hawkley, & Cacioppo, 2008; Blascovich, 1990). The 

use of stress indicator patterns for each participant separately (i.e. intra–

individually) would have been preferable (Koolhaas et al., 2011; Sapolsky, 

Romero, & Munck, 2000), but the large differences in stress response 

between participants made this unfeasible. Still, the relatively larger 

response of the sympathetic nervous system, compared with that of the 

parasympathetic system at the inter–individual level, would also be the 

prediction for the intra–individual response in future studies.  

The relevance of the stress recovery effect examined in Study II can be 

appreciated only speculatively, but if stress recovery is insufficient, as 

described by Kellmann (2010), two stress events with an insufficient 

recovery period between them could be seen as an ongoing stress event, 

meaning increased allostatic load. Such an effect could be linked to the sleep 

disturbance theory (Babisch, 2002), because sleep disturbance can be seen as 

an event of interrupted stress recovery. In contrast to the detrimental effects 

of sound–events while sleeping by Haralabidis et al. (2008), the awake 

participants in Study II could actively cope during the stress recovery period. 

The results may also indicate that the ability to cope differ depending on the 

environment. Stress recovery disturbance while awake may be an alternative 

theory of the long–term effects of unwanted sounds, together with 

annoyance mediation and sleep disturbances as proposed by other studies 

(Babisch, 2002; WHO, 2011).  Another perspective is that both sleep 

disturbance and impaired stress recovery may both reflect the same process: 

disruption of bodily repair mechanisms during rest. 
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Q3. At what sound pressure level does aircraft sound 

interfere with speech comprehension?  

Over–capacity is one reason why we can accurately hear the minute 

differences needed to distinguish between phonemes in everyday speech. In 

common listening situations, humans decode at less than half of the 

maximum capacity (Rossing et al., 2002, p 356). Determining the level at 

which environmental disturbance becomes too severe even for this large 

capacity is of course important, but equally important is investigating what 

constituents of the disturbance source are most detrimental to speech 

perception. Knowledge of such constituents can be used to guide abatement 

research. Study III investigates the level of speech intelligibility depending 

on the level of the masking aircraft sound. The main finding of the study is 

that the aircraft sound masked the speech from approximately 55 dB(A) or 

an S/N(A) of 0 dB, i.e., the same level as the speech target. A second finding 

is that comfortable listening levels are approximately 8 dB higher than the 

masking sounds in the environment. 

As in Studies I and II, Study III used state–of–the–art recording 

equipment, but this time an ambisonic recording and reproduction system. 

Compared with headphone or stereo reproduction, first–order ambisonic 

increases the realism of the reproduced sound (Kearney, Gorzel, Rice, & 

Boland, 2012). This was especially important in Study III, because the 

masker was aircraft noise, for which a perception of height is vital to 

produce a realistic experience. The speech signal used was also well 

validated (Hagerman, 1982; Hernvig & Olsen, 2005), at the cost of being 

somewhat artificial. If sentences was used it might have resulted in greater 

realism, and also, if combined with the phonetically balanced words, the 

possibility of direct comparisons between different semantic information 

levels. But adequate resources for such a design were not available at the 

time of testing. The use of a real outdoor place is uncommon in 

psychoacoustic studies and increases the realism compared with normal 

listening experiments. These are often conducted in semi–soundproof rooms 

without windows. In addition, the use of the ambisonic speaker system in the 

outdoor environment made the listening situation very authentic. The radio 

listening paradigm used in Study III is applicable to many outdoor listening 

situations in which electronic devices are used. However, listening situations 

involving interactive communication may produce different results, due to 

the voice modulation people do in acoustic environments where speech is 

masked (Brumm & Slabbekoorn, 2005; Brumm et al., 2004; Lane et al., 

1970; Södersten et al., 2005; van Summers et al., 1988). The general 

inability of an electronic device, such as a radio, to modulate sound in 

aspects other than volume is important to consider when proposing solutions 

to outdoor masking. Because increased volume may be unsatisfactory to 

counteract a masking sound. In addition, the relatively low volume that 
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participants preferred in Study III, i.e., S/N(A) +8 dB, means that masker 

interference can happen with relatively small sound pressure variations from 

a more stable background level, meaning that volume counteraction would 

have to be relatively fast.  

A main strength of the study is its use of several models of speech 

intelligibility; this is by no means a unique feature, the speech intelligibility 

literature contains other studies that make such model comparisons 

(Christiansen et al., 2010; Lazarus, 1987). But the use of the partial loudness 

(Glasberg & Moore, 2005) model sets Study III apart. The success of the 

partial loudness model in Study III indicates that loudness is an important 

factor in speech intelligibility in outdoor environments with aircraft sounds. 

Although a potential problem for model comparison is that not all possible 

inputs options were used when calculating partial loudness and speech 

intelligibility. For example, hearing status can be used as input in both 

models; however, hearing status information is seldom available to 

practitioners, so using such a variable would create an uneven information 

input compared with S/N(A). Without these input options Study III show 

that the partial loudness model and speech intelligibility index have a slight 

advantage over S/N(A) when predicting speech intelligibility of words. The 

large variations in the aircraft sound pressure level may also cause relatively 

improved predictions for the S/N(A) model, as sound pressure level was the 

characteristic with largest variation between the phonetically balanced 

words; if other factors, such as voice characteristics, had a larger role, the 

S/N(A) model would likely have performed worse.  

The results of Study III indicate that an acceptable level of speech 

intelligibility can be attained when the aircraft sound is at the same level as 

the speech sound, at least in situations around 55 dB(A). The aircraft masker 

may not be as adverse as a speech–derived masker (Bronkhorst, 2000; 

Christiansen et al., 2010), which means that speech maskers would likely be 

detrimental to speech intelligibility at lower levels than found in Study III. 

But, aircraft sound varies greatly in sound pressure level, which could make 

it more adverse during the 30 seconds of complete and partial masking in 

Study III than other maskers with less variation in sound pressure level. The 

temporal variation in both the long and short term could also make aircraft 

sound maskers worse for the temporal sensitive hearing–impaired 

population, in line with Larsby et al. (2005). With these considerations, 

generalizations from Study III can be made to broadband frequency sounds 

with time–varying sound pressure levels and to non–hearing impaired 

populations. In such instances, 0 dB S/N(A) is likely a good estimate of the 

point at which a sound becomes increasingly unwanted due to masking 

effects. 
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Q4. Is the partial loudness model suitable for predicting 

the effects of wanted and unwanted sounds in outdoor 
environments?  

In both Studies I and III, the Glasberg and Moore (2005) model of partial 

loudness was used to predict loudness perception. In Study I the result was 

discouraging, possibly because of target–masker similarity and attention 

effects that resulted in overestimation of the masking by an average of 11 

dB. In Study III the partial loudness model performed better, generating a R
2 

of .91 when fitted to data. In Study III the informational masking effects 

were likely minimal concerning, masker uncertainty (i.e., slowly increasing 

aircraft sound level), target–masker similarity (i.e., frequency patterns of 

target and masker were dissimilar), and attention that was only pointed 

towards the speech sound. As suggested in Study I, the difference between 

the predictions of energetic masking models such as partial loudness and 

perceptions of acoustic environments could be used to assess the influence of 

more centrally located perceptual processes. Such information would be 

nonspecific regarding which informational masking process that mediates 

the prediction error. However, a high fit statistic, as encountered in Study III, 

suggests that the small amount of variation left after energetic masking 

cannot contribute much to the findings. This indicates that only small 

amounts of informational masking could potentially influence the results in 

Study III. The correspondence between model prediction and perceived 

outcomes in Study III is of greater use than large prediction errors 

contributed by non–modeled mechanisms, such as in Study I, because good 

predictions indicate that the known and modeled mechanisms largely explain 

the effects found. 

Loudness is a fairly good approximation of annoyance, at least at higher 

sound pressure levels (Berglund et al., 1990). Therefor a good predictor of 

loudness should at least be a good predictor of unwanted sounds, because 

annoyance and how unwanted a sound is, should be reasonably correlated 

qualities. However, as demonstrated in Study II, sound intensity is not the 

only important factor underlying the positive effects of a sound. The partial 

loudness model may therefore be worse at predicting how wanted a sound is, 

when object–related characteristics are relatively more important to the 

experience of the sound.  

The two other models used to predict speech intelligibility in Study III, 

S/N(A) and the speech intelligibility index (SII), performed about as well as 

did the partial loudness model. However, the predictive power of a model is 

coupled with the environment towards which it was developed. A simple 

model such as S/N(A) may perform well in environments with large 

variations in sound pressure levels, but likely not as well in other 

environments. Also simple black box oriented models such as S/N(A) will 

predict, but not explain, the mechanisms underlying the results. This 
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problem can be somewhat ameliorated by using several models, because the 

best fitting model will likely have the best mechanistic explanation. More 

complex models, such as developed by Oldoni et al. (2013) or Christiansen 

et al. (2010), are more elaborate, potentially powerful, and might yield 

insight into the actual processes involved. However, to be implemented, such 

models need to be incorporated in accessible and reasonably easy–to–use 

format. Both the partial loudness model and the speech intelligibility index 

are reasonably accessible, and will therefore likely continue to be used. If 

such is the case with the Oldoni et al. (2013) or Christiansen et al. (2010) 

will be seen in the years to come. Accessibility is a factor that may lack 

scientific relevance, but is important to the growth or decline of a model, 

which in turn controls what models are available for scientific use, thus 

making it worth consideration. 

Models have various purposes. In the case of the models tested in Studies 

I and III, they were developed either for predictive purposes or to foster 

more fundamental understanding of the auditory system. For predictive 

focused models the algorithms used to predict the critical band mechanics, 

such as gammatone filters (Christiansen et al., 2010) or hamming windows 

(Glasberg & Moore, 2005), is of lesser concern; only the predictive power of 

the total model is interesting. The effectiveness of the S/N(A) model used in 

Study III exemplifies such a pragmatic model, useful to the applied 

researcher who is unconcerned with critical band mechanics. In reality 

critical bands are of course not composed of filters of any kind, it is a 

biological membrane that can be more or less well modeled as a filter. If the 

purpose of a model is to foster understanding of the auditory system, models 

closely mimicking the membrane function would be desirable. But, none of 

the models described in this thesis explicitly aims to generate a real–life 

matching model; they all have more specific purposes, such as predicting 

partial loudness (Glasberg & Moore, 2005), speech intelligibility 

(ANSI/ASA, 2012; Christiansen et al., 2010), and sound object identification 

(Oldoni et al., 2013). However, some mechanics are predicted in several 

models, for example cochlear mechanics, predictions from different 

algorithms of such mechanics could therefore be compared across models to 

determine which algorithm that generates the best predictions. This 

algorithm then could and possibly should be used in all full scale models. 

The essence of the modeling problem may lie in the number of scientific 

fields (e.g., psychology, biology, linguistics, physics, and computer science) 

involved in simulating the auditory system, especially as communication 

between these fields is scarce. To further develop auditory models, cross–

field communication and cooperation could be a simple and efficient 

approach.  

The results of Study I and III indicate that the partial loudness model 

could be useful for predicting loudness–induced variations in wanted and 

unwanted sounds in an acoustic environment. However, the partial loudness 

model may be less informative, if the perception of the acoustic environment 
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to a larger extent is caused by acoustic characteristics other than loudness, or 

if the research aim is to explain why a sound is perceived in a certain way.  

 

Concluding remarks 

The current thesis points to several factors that are involved in making a 

sound wanted or unwanted. One factor is generic and sound source related, 

for example accounting for the effects found between natural and urban 

environments (Parsons et al., 1998; Ulrich et al., 1991). Such a factor could 

be important for the stress recovery result in Study II, where commonly used 

wanted and unwanted sounds differentiate stress recovery speed. Attention 

driven factors could in turn mediate what is perceived as an unwanted sound. 

For example, someone who wants to grasp the information in a particular 

speech sound would likely perceive the speech sound as wanted, but any 

sound that masks the speech would be considered unwanted. Such effects 

would be enhanced or reduced depending on how detrimental the masker is 

to the speech intelligibility (Bronkhorst, 2000; Christiansen et al., 2010). The 

speech sound in Study III would with this logic be perceived as wanted, at 

least in the testing context. Perceptual factors such as pleasantness and 

familiarity may be related to both generic factors and attention driven 

factors. But they may also indicate acoustical properties that overarch sound 

source categorization. For example, a pleasant sound does in general have 

relatively modest loudness (Axelsson et al., 2010). Also as previously 

discussed, perceptual factors such as pleasantness could mediate or moderate 

effects on physiological reactions, such as stress recovery. Study II indicates 

that a pleasantly perceived sound may be positive to stress recovery in the 

short–term, but prolonged exposure in the long–term could be detrimental to 

health. Pleasant sounds for example can cause sleep disturbance, which 

could produce long–term health problems (Babisch, 2002; Haralabidis et al., 

2008; WHO, 2011).  

To conclude, various features should be considered when investigating 

wanted and unwanted sounds in a particular environment: generic 

categorization of sound sources, purpose driven attention, and perceptual 

experiences of the acoustic environment. Implementation of generic, 

perceptual, and attention–driven factors in auditory models would improve 

our understanding of how wanted and unwanted sound affect, at least 

concerning, auditory masking, stress recovery and speech intelligibility in 

acoustic environments. But likely consideration of such factors would also 

increase our understanding of more general processes, such as auditory scene 

analysis, allostatic load, and speech perception. 

 



 

43 

Acknowledgements 

 

Very few people—certainly not the present author—have written theses 

without help from others. Help could potentially be divided into various help 

categories, such as practical writing assistance, help with critical thinking, 

moral support, and just being a long–suffering listener. First and foremost, I 

would like to thank my partner and children: You are the anchor that keeps 

me somewhat sane and mainly happy, and without you this project would 

have been impossible. If categorized, your type of assistance would clearly 

be moral support and also involving a large portion of agonized listening. 

Second, I would like to thank my two supervisors, for taking me on as a 

project to, at least for me, a clearly uncertain outcome. However, as the 

project is now in one way finished, I thank you for all your help over the 

years, entailing , practical writing assistance, forceful help with uncritical 

thinking, and importantly most of it done under volleys of unprocessed 

ideas. Third, I would like to thank all the PhD students in the Department of 

Psychology at Stockholm University: as I was a former PhD–council 

member, you have all had the potential pleasure of meeting me. Since there 

are so many of you, it is very difficult to specify all the ways you have 

helped me—definitely all the previously mentioned help categories and then 

some. But most importantly, you have helped me develop a previously 

sketchy sense of humor to entirely new levels of sketchiness, not an easy feat 

to accomplish. Lastly I need to pose a special thank you to everyone at Gösta 

Ekman laboratory, under both managements. I have had a fantastic time with 

you all, and look forward to discuss more interesting and, not entirely 

seldom, insane ideas.  

 

Thank you everyone 

 

Jesper Alvarsson 

Stockholm, 2013–12–18  
  



 

44 

  



 

45 

References 

Adank, P., Evans, B. G., Stuart-Smith, J., & Scott, S. K. (2009). 
Comprehension of familiar and unfamiliar native accents under 
adverse listening conditions. Journal of Experimental Psychology 
Human Perception and Performance, 35, 520-529. doi: 
10.1037/a0013552 

Alain, C. (2007). Breaking the wave: effects of attention and learning on 
concurrent sound perception. Hearing Research, 229, 12p. doi: 
10.1016/j.heares.2007.01.011 

Alain, C., Zendel, B. R., Hutka, S., & Bidelman, G. M. (2013). Turning 
down the noise: the benefit of musical training on the aging auditory 
brain (accepted). Hearing Research. doi: 
10.1016/j.heares.2013.06.008 

Annerstedt, M., Jönsson, P., Wallergård, M., Johansson, G., Karlson, B., 
Grahn, P., . . . Währborg, P. (2013). Inducing physiological stress 
recovery with sounds of nature in a virtual reality forest — Results 
from a pilot study. Physiology & Behavior, 118, 240-250. doi: 
10.1016/j.physbeh.2013.05.023 

ANSI/ASA. (1983). Specification for Sound Level Meters S1.4-1983. New 
York: Acoustic Society of America. 

ANSI/ASA. (1994). Acoustic Terminology S1.1-1994 (R2004). New York: 
Acoustic Society of America. 

ANSI/ASA. (2012). Methods for Calculation of the Speech Intelligibility 
Index S3.5-1997 (R2012). New York: Acoustic Society of America. 

Axelsson, O., Nilsson, M. E., & Berglund, B. (2010). A principal 
components model of soundscape perception. Journal of the 
Acoustical Society of America, 128, 2836-2846. doi: 
10.1121/1.3493436 

Axelsson, Ö., Nilsson, M. E., & Berglund, B. (2012). The Swedish 
soundscape-quality protocol. Paper presented at the Acoustics 2012 
Hong Kong, Hong Kong. 

Babisch, W. (2002). The noise/stress concept, risk assessment and research 
needs. Noise Health, 4, 1-11.  

Bellander, T., Berglind, N., Gustavsson, P., Jonson, T., Nyberg, F., 
Pershagen, G., & Järup, L. (2001). Using geographic information 
systems to assess individual historical exposure to air pollution from 
traffic and house heating in Stockholm. Environmental Health 
Perspectives, 109, 633. doi: 10.1289/ehp.01109633 



 

46 

Beranek, L. L. (1947). The design of speech communication systems. 
Proceedings of the Institute of Radio Engineers, 35, 880-890. doi: 
10.1109/Jrproc.1947.229647 

Bergemalm, P. O., Hennerdal, S., Persson, B., Lyxell, B., & Borg, E. (2009). 
Perception of the acoustic environment and neuroimaging findings: 
a report of six cases with a history of closed head injury. Acta Oto-
Laryngologica, 129, 801-808. doi: 10.1080/00016480802419099 

Berglund, B., Preis, A., & Rankin, K. (1990). Relationship between loudness 
and annoyance for ten community sounds. Environmental 
International, 16, 523-531. doi: 10.1016/0160-4120(90)90021-W 

Berntson, G. G., Norman, G. J., Hawkley, L. C., & Cacioppo, J. T. (2008). 
Cardiac autonomic balance versus cardiac regulatory capacity. 
Psychophysiology, 45, 643-652. doi: 10.1111/j.1469-
8986.2008.00652.x 

Bistafa, S. R., & Bradley, J. S. (2000). Reverberation time and maximum 
background-noise level for classrooms from a comparative study of 
speech intelligibility metrics. Journal of the Acoustical Society of 
America, 107, 861-875. doi: 10.1121/1.428268 

Blascovich, J. K., Robert M. (1990). Using electrodermal and cardiovascular 
measures of arousal in social psychological research. In C. 
Hendrick, Clark, Margaret S (Ed.), Research methods in personality 
and social psychology. Review of personality and social psychology 
(Vol. 11, pp. 45-73). Thousand Oaks: Sage Publications, Inc. 

Bolin, K., Nilsson, M. E., & Khan, S. (2010). The potential of natural sounds 
to mask wind turbine noise. Acta Acustica united with Acustica, 96, 
131-137. doi: 10.3813/Aaa.918264 

Booth, N. K. (1983). Basic elements of landscape architectural design. New 
York: Elsevier. 

Bradley, J. S. (1986). Predictors of speech-intelligibility in rooms. Journal of 
the Acoustical Society of America, 80, 837-845. doi: 
10.1121/1.393907 

Bradley, J. S., & Bistafa, S. R. (2002). Relating speech intelligibility to 
useful-to-detrimental sound ratios. Journal of the Acoustical Society 
of America, 112, 27-29. doi: 10.1121/1.1481508 

Bradley, J. S., Reich, R. D., & Norcross, S. G. (1999). On the combined 
effects of signal-to-noise ratio and room acoustics on speech 
intelligibility. Journal of the Acoustical Society of America, 106, 
1820-1828. doi: 10.1121/1.427932 

Bradley, J. S., & Sato, H. (2008). The intelligibility of speech in elementary 
school classrooms. Journal of the Acoustical Society of America, 
123, 2078-2086. doi: 10.1121/1.2839285 

Bradley, J. S., Sato, H., & Picard, M. (2003). On the importance of early 
reflections for speech in rooms. Journal of the Acoustical Society of 
America, 113, 3233-3244. doi: 10.1121/1.1570439 

Bregman, A. S. (1990). Auditory scene analysis. London: MIT Press. 



 

47 

Bregman, A. S., & Pinker, S. (1978). Auditory streaming and building of 
timber. Canadian Journal of Psychology-Revue Canadienne De 
Psychologie, 32, 19-31. doi: 10.1037/H0081664 

Bronkhorst, A. W. (2000). The cocktail party phenomenon: A review of 
research on speech intelligibility in multiple-talker conditions. 
Acustica, 86, 117-128.  

Brosschot, J. F., Pieper, S., & Thayer, J. F. (2005). Expanding stress theory: 
Prolonged activation and perseverative cognition. 
Psychoneuroendocrinology, 30, 1043-1049. doi: 
10.1016/j.psyneuen.2005.04.008 

Brown, A. L., & Muhar, A. (2004). An approach to the acoustic design of 
outdoor space. Journal of Environmental Planning and 
Management, 47, 827-842. doi: 10.1080/0964056042000284857 

Brown, A. L., & Rutherford, S. (1994). Using the sound of water in the city. 
Landscape Australia, 2/1994, 103-107.  

Brown, D. K., Barton, J. L., & Gladwell, V. F. (2013). Viewing Nature 
Scenes Positively Affects Recovery of Autonomic Function 
Following Acute-Mental Stress. Environmental Science & 
Technology, 47, 5562-5569. doi: 10.1021/es305019p 

Brumm, H., & Slabbekoorn, H. (2005). Acoustic communication in noise. In 
P. J. B. Slater, C. T. Snowdon, T. J. Roper, H. J. Brockmann & M. 
Naguib (Eds.), Advances in the Study of Behavior (Vol. 35, pp. 151-
209): Academic Press. 

Brumm, H., Voss, K., Köllmer, I., & Todt, D. (2004). Acoustic 
communication in noise: regulation of call characteristics in a new 
world monkey. Journal of Experimental Biology, 207, 443-448. doi: 
10.1242/jeb.00768 

Cao, X., & Richards, V. M. (2012). Enhancement in informational masking. 
Journal of Speech Language and Hearing Research, 55, 1135-1147. 
doi: 10.1044/1092-4388(2011/09-0149) 

Chafin, S., Roy, M., Gerin, W., & Christenfeld, N. (2004). Music can 
facilitate blood pressure recovery from stress. British Journal of 
Health Psychology, 9, 393-403. doi: 10.1348/1359107041557020 

Christiansen, C., Pedersen, M. S., & Dau, T. (2010). Prediction of speech 
intelligibility based on an auditory preprocessing model. Speech 
Communication, 52, 678-692. doi: 10.1016/j.specom.2010.03.004 

Cusack, R., Deeks, J., Aikman, G., & Carlyon, R. P. (2004). Effects of 
location, frequency region, and time course of selective attention on 
auditory scene analysis. Journal of Experimental Psychology-
Human Perception and Performance, 30, 643-656. doi: 
10.1037/0096-1523.30.4.643 

Dau, T., Kollmeier, B., & Kohlrausch, A. (1997). Modeling auditory 
processing of amplitude modulation. I. Detection and masking with 
narrow-band carriers. Journal of the Acoustical Society of America, 
102, 2892. doi: 10.1121/1.420344 

Dickerson, S. S., & Kemeny, M. E. (2004). Acute stressors and cortisol 
responses: A theoretical integration and synthesis of laboratory 



 

48 

research. Psychological Bulletin, 130, 355-391. doi: 10.1037/0033-
2090.130.3.355 

Durlach, N. (2006). Auditory masking: Need for improved conceptual 
structure. Journal of the Acoustical Society of America, 120, 1787. 
doi: 10.1121/1.2335426 

Durlach, N. I., Mason, C. R., Shinn-Cunningham, B. G., Arbogast, T. L., 
Colburn, H. S., & Kidd Jr., G. (2003). Informational masking: 
Counteracting the effects of stimuls uncertaintu by decreasing 
target-masker similarity. Journal of the Acoustical Society of 
America, 114, 368-379. doi: 10.1121/1.1577562 

Fredrickson, B. L., Mancuso, R. A., Branigan, C., & Tugade, M. M. (2000). 
The undoing effect of positive emotions. Motivation & Emotion, 24, 
237-258. doi: 10.1023/A:1010796329158 

French, N. R., & Steinberg, J. C. (1947). Factors governing the intelligibility 
of speech sounds. Journal of the Acoustical Society of America, 19, 
90-119. doi: 10.1121/1.1916407 

Fritz, J. B., Elhilali, M., David, S. V., & Shamma, S. A. (2007). Auditory 
attention - focusing the searchlight on sound. Current Opinion in 
Neurobiology, 17, 437-455. doi: 10.1016/j.conb.2007.07.011 

Gavara, N., Manoussaki, D., & Chadwick, R. S. (2011). Auditory mechanics 
of the tectorial membrane and the cochlear spiral. Current opinion in 
otolaryngology & head and neck surgery, 19, 382-387. doi: 
10.1097/MOO.0b013e32834a5bc9 

Gaver, W. W. (1993). What in the world do we hear .1. An ecological 
approach to auditory event perception. Ecological Psychology, 5, 1-
29. doi: 10.1207/s15326969eco0501_1 

Ge, J., & Hokao, K. (2004). Research on the sound environment of urban 
open space from the viewpoint of soundscape - A case study of Saga 
Forest Park, Japan. Acta Acustica united with Acustica, 90, 555-563.  

Gescheider, G. A. (1997). Psychophysics: The fundamentals (3 ed.). London: 
Lawrence Erlbaum Associates. 

Glasberg, B. R., & Moore, B. C. J. (1990). Derivation of auditory filter 
shapes from notched-noise data. Hearing Research, 47, 103-138. 
doi: 10.1016/0378-5955(90)90170-T 

Glasberg, B. R., & Moore, B. C. J. (2005). Development and evaluation of a 
model for predicting the audibility of time-varying sounds in the 
presence of background sounds. Journal of the Audio Engineering 
Society, 53, 906-918.  

Glasberg, B. R., Moore, B. C. J., & Baer, T. (1997). A model for the 
prediction of thresholds, loudness, and partial loudness. Journal of 
Audio Engineering Society, 45, 224-240.  

Glynn, L. M., Christenfeld, N., & Gerin, W. (2002). The role of rumination 
in recovery from reactivity: Cardiovascular consequences of 
emotional states. Psychosomatic Medicine, 64, 714-726. doi: 
10.1097/01.Psy.0000031574.42041.23 

Gover, B. N., & Bradley, J. S. (2004). Measures for assessing architectural 
speech security (privacy) of closed offices and meeting rooms. 



 

49 

Journal of the Acoustical Society of America, 116, 3480-3490. doi: 
10.1121/1.1810300 

Grinde, B., & Patil, G. G. (2009). Biophilia: Does visual contact with nature 
impact on health and well-being? Int J Environ Res Public Health, 6, 
2332-2343. doi: 10.3390/ijerph6092332 

Hagerman, B. (1982). Sentences for testing speech-intelligibility in noise. 
Scandinavian Audiology, 11, 79-87. doi: 
10.3109/01050398209076203 

Haralabidis, A. S., Dimakopoulou, K., Vigna-Taglianti, F., Giampaolo, M., 
Borgini, A., Dudley, M. L., . . . Jarup, L. (2008). Acute effects of 
night-time noise exposure on blood pressure in populations living 
near airports. Eur Heart J, 29, 658-664. doi: 
10.1093/eurheartj/ehn013 

Harris, C. M. (Ed.). (1998). Handbook of Acoustical Measurements and 
Noise Control (3 ed.). Woodbury, NY: Acoustical Society of 
America. 

Hartig, T., Kaiser, F. G., & Bowler, P. A. (2001). Psychological restoration 
in nature as a positive motivation for ecological Behavior. 
Environment & Behavior, 33, 590-607. doi: 
10.1177/00139160121973142 

Haynes, S. N., Gannon, L. R., Orimoto, L., O'Brien, W. H., & Brandt, M. 
(1991). Psychophysiological assessment of poststress recovery. 
Psychological Assessment: A Journal of Consulting and Clinical 
Psychology, 3, 356-365. doi: 10.1037/1040-3590.3.3.356 

Henrich, J., Heine, S. J., & Norenzayan, A. (2010). The weirdest people in 
the world. Behavioral and Brain Sciences, 33, 61-83. doi: 
10.1017/S0140525X0999152X 

Hernvig, L. H., & Olsen, S. O. (2005). Learning effect when using the 
Danish Hagerman sentences (Dantale II) to determine speech 
reception threshold. International Journal of Audiology, 44, 509-
512. doi: 10.1080/14992050500189997 

Hirsh, I. J., Bilger, R. C., & Burns, W. (1955). Auditory-threshold recovery 
after exposures to pure tones. Journal of the Acoustical Society of 
America, 27, 1013-1013. doi: 10.1121/1.1918032 

Horoshenkov, K. V., Hothersall, D. C., & Mercy, S. E. (1999). Scale 
modelling of sound propagation in a city street canyon. Journal of 
Sound and Vibration, 223, 795-819.  

IEC. (2011). Sound system equipment - Part 16: Objective rating of speech 
intelligibility by speech transmission index 60268-16 ed4.0. Geneva: 
International Electrotechnical Commission. 

ISO. (2003). Acoustics - Normal equal-loudness-level contours ISO 
226:2003. Geneva: International Organization for Standardization. 

Jokl, M. V. (1997). Evaluation of indoor air quality using the decibel 
concept. International Journal of Environmental Health Research, 
7, 289-306. doi: 10.1080/09603129773742 

Kang, J. (2007). Urban Sound Environment. London: Taylor & Francis. 



 

50 

Kawai, K., & Yano, T. (2002). Relation between the overall impression of 
the sound environment and types and loudness of environmental 
sounds. Journal of Sound and Vibration, 250, 41-46. doi: 
10.1006/jsvi.2001.3887 

Kearney, G., Gorzel, M., Rice, H., & Boland, F. (2012). Distance perception 
in interactive virtual acoustic environments using first and higher 
order ambisonic sound fields. Acta Acustica united with Acustica, 
98, 61-71. doi: Doi 10.3813/Aaa.918492 

Kellmann, M. (2010). Preventing overtraining in athletes in high-intensity 
sports and stress/recovery monitoring. Scandinavian Journal of 
Medicine & Science in Sports, 20, 95-102. doi: 10.1111/j.1600-
0838.2010.01192.x 

Kidd Jr., G., Mason, C. R., & Arbogast, T. L. (2002). Similarity, unceratinty, 
and masking in the identification of nonspeech auditory patterns. 
Journal of the Acoustical Society of America, 113, 1367-1375. doi: 
10.1121/1.1448342 

Kim, Y. H., & Ahn, S. T. (2001). A reverberation model based on objective 
parameters of subjective perception. Journal of the Audio 
Engineering Society, 49, 786-794.  

King, E. A., Murphy, E., & Rice, H. J. (2011). Implementation of the EU 
environmental noise directive: Lessons from the first phase of 
strategic noise mapping and action planning in Ireland. Journal of 
Environmental Management, 92, 756-764. doi: 
10.1016/j.jenvman.2010.10.034 

Koolhaas, J. M., Bartolomucci, A., Buwalda, B., de Boer, S. F., Flügge, G., 
Korte, S. M., . . . Fuchs, E. (2011). Stress revisited: A critical 
evaluation of the stress concept. Neuroscience & Biobehavioral 
Reviews, 35, 1291-1301. doi: 10.1016/j.neubiorev.2011.02.003 

Kryter, K. D. (1962). Methods for calculation and use of articulation index. 
Journal of the Acoustical Society of America, 34, 1689-&. doi: 
10.1121/1.1909094s 

Lane, H., Tranel, B., & Sisson, C. (1970). Regulation of voice 
communication by sensory dynamics. Journal of the Acoustical 
Society of America, 47, 618. doi: 10.1121/1.1911937 

Larsby, B., Hällgren, M., Lyxell, B., & Arlinger, S. (2005). Cognitive 
performance and perceived effort in speech processing tasks: effects 
of different noise backgrounds in normal-hearing and hearing-
impaired subjects . International Journal of Audiology, 44, 131-143. 
doi: 10.1080/14992020500057244 

Lavandier, C., & Defréville, B. (2006). The contribution of sound source 
characteristics in the assessment of urban soundscapes. Acta 
Acustica united with Acustica, 92, 912-921.  

Lazarus, H. (1987). Prediction of verbal communication in noise—A 
development of generalized SIL curves and the quality of 
communication. Applied Acoustics, 20, 245-261. doi: 10.1016/0003-
682X(87)90062-4 



 

51 

Lazarus, R. S. (1966). Psychological stress and the coping process. New 
York,: McGraw-Hill. 

Lazarus, R. S., & Folkman, S. (1984). Stress, appraisal, and coping. New 
York: Springer-Verlag. 

Lidén, G. (1954). Speech audiometry; an experimental and clinical study 
with Swedish language material. Acta oto-laryngologica. 
Supplementum, 114, 1.  

Linden, W., Earle, T. L., Gerin, W., & Christenfeld, N. (1997). Physiological 
stress reactivity and recovery: Conceptual siblings separated at 
birth? Journal of Psychosomatic Research, 42, 117-135. doi: 
10.1016/S0022-3999(96)00240-1 

Ljung, R., & Kjellberg, A. (2009). Long reverberation time decreases recall 
of spoken information. Building Acoustics, 16, 301-311. doi: 
10.1260/135101009790291273 

Llabre, M. M., Spitzer, S., Siegel, S., Saab, P. G., & Schneiderman, N. 
(2004). Applying latent growth curve modeling to the investigation 
of individual differences in cardiovascular recovery from stress. 
Psychosomatic Medicine, 66, 29-41. doi: 
10.1097/01.PSY.0000107886.51781.9C 

Lokki, T., Patynen, J., Tervo, S., Siltanen, S., & Savioja, L. (2011). 
Engaging concert hall acoustics is made up of temporal envelope 
preserving reflections. Journal of the Acoustical Society of America, 
129, 223-228. doi: 10.1121/1.3579145 

Lutfi, R. A., Gilbertson, L., Heo, I., Chang, A.-C., & Stamas, J. (2013). The 
information-divergence hypothesis of informational masking. 
Journal of the Acoustical Society of America, 134, 2160-2170. doi: 
10.1121/1.4817875 

Lutfi, R. A., Kistler, D. J., Oh, E. L., Wightman, F. L., & Callahan, M. R. 
(2003). One factor underlies individual differences in auditory 
informational masking within and across age groups. Perception & 
Psychophysics, 65, 396-406. doi: 10.3758/Bf03194571 

Magnusson, L. (1995). Reliable clinical determination of speech recognition 
scores using Swedish PB words in speech-weighted noise. 
Scandinavian Audiology, 24, 217-223. doi: 
10.3109/01050399509047539 

Maller, C., Townsend, M., Pryor, A., Brown, P., & St Leger, L. (2006). 
Healthy nature healthy people: 'contact with nature' as an upstream 
health promotion intervention for populations. Health Promot Int, 
21, 45-54. doi: 10.1093/heapro/dai032 

Massaro, D. M. (2001). Speech perception. In N. J. Smelser & P. B. Baltes 
(Eds.), International encyclopedia of the social & behavioral 
sciences (Vol. 11): Elsevier Amsterdam/New York, NY. 

McEwen, B. S. (1998). Stress, adaptation, and disease: Allostasis and 
allostatic load. Annals of the New York Academy of Sciences, 840, 
33-44. doi: 10.1111/j.1749-6632.1998.tb09546.x 



 

52 

Mershon, D. H., & King, L. E. (1975). Intensity and reverberation as factors 
in auditory-perception of egocentric distance. Perception & 
Psychophysics, 18, 409-415. doi: 10.3758/Bf03204113 

Monat, A., Averill, J. R., & Lazarus, R. S. (1972). Anticipatory stress and 
coping reactions under various conditions of uncertainty. Journal of 
Personality and Social Psychology, 24, 237.  

Moore, B. C. J. (2004). An introduction to the psychology of hearing (5 ed.). 
New York: Elsevier. 

Moore, B. C. J., & Glasberg, B. R. (1996). A revision of Zwicker's loudness 
model. Acustica, 82, 335-345.  

Moore, B. C. J., Tyler, L. K., & Marslen-Wilson, W. (2008). Introduction. 
The perception of speech: from sound to meaning. Philosophical 
Transactions of the Royal Society B-Biological Sciences, 363, 917-
921. doi: 10.1098/rstb.2007.2195 

Morinaga, M., Aono, S., & Kuwano, S. (2004). A study of sound 
environment in urban parks Proceedings of ICA 2004 (Vol. IV, pp. 
3053-3056). Kyoto, japan: Acoustical Society of Japan. 

Neff, D. L., & Dethlefs, T. M. (1995). Indiviual differences in simultaneous 
masking with random-frequency, multicomponent maskers. Journal 
of the Acoustical Society of America, 98, 125-134.  

Neff, D. L., & Green, D. M. (1987). Masking produced by spectral 
uncertainty with multicomponent maskers. Perception & 
Psychophysics, 41, 409-415. doi: 10.3758/BF03203033 

Nilsson, M. E. (2007). A-weighted sound pressure level as an indicator of 
short-term loudness or annoyance of road-traffic sound. Journal of 
Sound and Vibration, 302, 197-207. doi: 10.1016/j.jsv.2006.11.010 

Nilsson, M. E., & Berglund, B. (2006). Soundscape quality in suburban 
green areas and city parks. Acta Acustica united with Acustica, 92, 
903-911.  

Oh, E. L., & Lutfi, R. A. (1998). Nonmonotonicity of informational 
masking. Journal of the Acoustical Society of America, 104, 3489-
3499. doi: 10.1121/1.423932 

Oh, E. L., & Lutfi, R. A. (1999). Informational masking by everyday sounds. 
Journal of the Acoustical Society of America, 106, 3521-3528. doi: 
10.1121/1.428205 

Oh, E. L., Wightman, F., & Lufti, R. A. (2001). Children's detection of pure-
tone signal with random multitone maskers. Journal of the 
Acoustical Society of America, 109, 2888-2895. doi: 
10.1121/1.1371764 

Oldoni, D., De Coensel, B., Boes, M., Rademaker, M., De Baets, B., Van 
Renterghem, T., & Botteldooren, D. (2013). A computational model 
of auditory attention for use in soundscape research. Journal of the 
Acoustical Society of America, 134, 852-861. doi: 
10.1121/1.4807798 

Parsons, R., Tassinary, L. G., Ulrich, R. S., Hebl, M. R., & Grossman-
Alexander, M. (1998). The view from the road: Implications for 



 

53 

stress recovery and immunization. Journal of Environmental 
Psychology, 18, 113-140. doi: 10.1006/jevp.1998.0086 

Perkins, G. (1973). The delight of a city: Water. Concrete Quality, 99, 33.  
Pheasant, R., Horoshenkov, K., Watts, G., & Barrett, B. (2008). The acoustic 

and visual factors influencing the construction of tranquil space in 
urban and rural environments tranquil spaces-quiet places? Journal 
of the Acoustical Society of America, 123, 1446-1457. doi: 
10.1121/1.2831735 

Pichora-Fuller, M. K. (2003). Processing speed and timing in aging adults: 
psychoacoustics, speech perception, and comprehension. 
International Journal of Audiology, 42, 59-67. doi: 
10.3109/14992020309074625 

Pickett, J. M. (1956). Effects of vocal force on the intelligibility of speech 
sounds. Journal of the Acoustical Society of America, 28, 902. doi: 
10.1121/1.1908510 

Plomp, R. (1986). A signal-to-noise ratio model for the speech-reception 
threshold of the hearing-impaired. Journal of Speech and Hearing 
Research, 29, 146-154.  

Pollack, I. (1975). Auditory informational masking. Journal of the 
Acoustical Society of America, 57, 5. doi: 10.1121/1.1995329 

Radsten-Ekman, M., Axelsson, O., & Nilsson, M. E. (2013). Effects of 
sounds from water on perception of acoustic environments 
dominated by road-traffic noise. Acta Acustica united with Acustica, 
99, 218-225. doi: 10.3813/Aaa.918605 

Recio-Spinoso, A., & Cooper, N. P. (2013). Masking of sounds by a 
background noise - cochlear mechanical correlates. Journal of 
Physiology-London, 591, 2705-2721. doi: 
10.1113/jphysiol.2012.248260 

Rossing, T. D., Wheeler, P., & Moore, F. R. (2002). The science of sound 
(3rd ed.). San Francisco: Addison Wesley. 

Sanchez, A., Vazquez, C., Marker, C., LeMoult, J., & Joormann, J. (2013). 
Attentional disengagement predicts stress recovery in depression: 
An eye-tracking study. Journal of Abnormal Psychology, 122, 303-
313. doi: 10.1037/a0031529 

Sandstrom, G. M., & Russo, F. A. (2010). Music hath charms: The effects of 
valence and arousal on recovery following an acute stressor. Music 
and Medicine, 2, 137-143. doi: 10.1177/1943862110371486 

Sapolsky, R. M., Romero, L. M., & Munck, A. U. (2000). How do 
glucocorticoids influence stress responses? Integrating permissive, 
suppressive, stimulatory, and preparative actions. Endocrine 
Reviews, 21, 55-89. doi: 10.1210/Er.21.1.55 

Schafer, R. M. (1994). Our sonic environment and the soundscape: The 
tuning of the world. Rochester, Vermont: Destiny Books. 

Schubert, C., Geser, W., Noisternig, B., Fuchs, D., Welzenbach, N., Konig, 
P., . . . Lampe, A. (2012). Stress system dynamics during "life as it is 
lived": An integrative single-case study on a healthy woman. PLoS 
ONE, 7. doi: 10.1371/journal.pone.0029415 



 

54 

Schulte-Fortkamp, B., & Kang, J. (2013). Introduction to the special issue on 
soundscapes. Journal of the Acoustical Society of America, 134, 
765-766. doi: 10.1121/1.4810760 

Schwartz, A. R., Gerin, W., Davidson, K. W., Pickering, T. G., Brosschot, J. 
F., Thayer, J. F., . . . Linden, W. (2003). Toward a causal model of 
cardiovascular responses to stress and the development of 
cardiovascular disease. Psychosomatic Medicine, 65, 22-35.  

Selye, H. (1973). The evolution of the stress concept. American Scientist, 61, 
692-699. doi: 10.2307/27844072 

Shao, Y., & Chang, C. H. (2007). A generalized time-frequency subtraction 
method for robust speech enhancement based on wavelet filter banks 
modeling of human auditory system. Transactions on Systems, Man, 
and Cybernetics, 37, 877-889. doi: 10.1109/TSMCB.2007.895365 

Steeneken, H. J. M., & Houtgast, T. (1980). A physical method for 
measuring speech-transmission quality. Journal of the Acoustical 
Society of America, 67, 318-326. doi: 10.1121/1.384464 

Sterling, P., & Eyer, J. (1988). Allostasis: A new paradigm to explain 
arousal pathology. In S. E. Fisher & J. E. Reason (Eds.), Handbook 
of life stress, cognition and health. New York: John Wiley & Sons. 

Suzuki, Y., & Takeshima, H. (2004). Equal-loudness-level contours for pure 
tones. Journal of the Acoustical Society of America, 116, 918-933. 
doi: 10.1121/1.1763601 

Södersten, M., Ternström, S., & Bohman, M. (2005). Loud speech in 
realistic environmental noise: phonetogram data, perceptual voice 
quality, subjective ratings, and gender differences in healthy 
speakers. Journal of Voice, 19, 29-46. doi: 
10.1016/j.jvoice.2004.05.002 

Ulrich, R. S. (1984). View through a window may influence recovery from 
surgery. Science, 224, 420-421. doi: 10.1126/science.6143402 

Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Miles, M. A., & 
Zelson, M. (1991). Stress recovery during exposure to natural and 
urban environments. Journal of Environmental Psychology, 11, 201-
230. doi: 10.1016/S0272-4944(05)80184-7 

UN. (2012). World Urbanization Prospects (Rev 2011). In G. K. Heilig 
(Ed.), Department of Economic and Social Affairs Population 
Division. New York: United Nations. 

van den Berg, A. E., Hartig, T., & Staats, H. (2007). Preference for nature in 
urbanized societies: Stress, restoration, and the pursuit of 
sustainability. Journal of Social Issues, 63, 79-96. doi: 
10.1111/j.1540-4560.2007.00497.x 

van Kempen, E., van Kamp, I., Nilsson, M., Lammers, J., Emmen, H., Clark, 
C., & Stansfeld, S. (2010). The role of annoyance in the relation 
between transportation noise and children's health and cognition. 
Journal of the Acoustical Society of America, 128, 2817-2828. doi: 
10.1121/1.3483737 

van Summers, W., Pisoni, D. B., Bernacki, R. H., Pedlow, R. I., & Stokes, 
M. A. (1988). Effects of noise on speech production: Acoustic and 



 

55 

perceptual analyses. Journal of the Acoustical Society of America, 
84, 917. doi: 10.1121/1.396660 

Ward, L. M. (1990). Critical bands and mixed-frequency scaling: Sequential 
dependencies, equal-loudness contours, and power function 
exponents. Perception & Psychophysics, 47, 551-562. doi: 
10.3758/BF03203107 

Watson, C. S. (2005). Some comments on informational masking. Acta 
Acustica united with Acustica, 91, 502-512.  

Watson, C. S., Kelly, W. J., & Wroton, H. W. (1976). Factors in the 
discrimination of tonal patterns. II. Selective attention and learning 
under various levels of stimulus uncertainty. Journal of the 
Acoustical Society of America, 60, 1176-1186. doi: 
10.1121/1.381220 

WHO. (1999). Guidelines for Community Noise. In B. Berglund, T. Lindvall 
& D. H. Schwela (Eds.). Geneva: World Health Organization. 

WHO. (2011). Burden of disease from environmental noise. Quantification 
of healthy years lost in Europe. In L. Fritschi, L. A. Brown, K. 
Rokho, D. Schwela & S. Kephalopoulos (Eds.), (pp. xvii + 108). 
Geneva: World Health Organization. 

Wilson, E. O. (1984). Biophilia. Cambridge, Massachusetts: Harvard 
University Press. 

Yang, W., & Kang, J. (2005). Soundscape and sound preferences in urban 
squares: A case study in Sheffield. Journal of Urban Design, 10, 
20p. doi: 10.1080/13574800500062395 

Zareian, M., Zargarchi, S. M., & Sarsarshahi, A. (2012). A logarithmic 
method for speech watermarking based on the optimum sub-band in 
the bark scale. Paper presented at the Innovations in Information 
Technology (IIT). 

Zwicker, E. (1956). On the loudness of continuous noises. Journal of the 
Acoustical Society of America, 28, 764-764. doi: 10.1121/1.1905031 

Zwicker, E., Flottorp, G., & Stevens, S. S. (1957). Critical band width in 
loudness summation. Journal of the Acoustical Society of America, 
29, 548-557. doi: 10.1121/1.1908963 

Zwicker, E., & Scharf, B. (1965). A model of loudness summation. 
Psychological Review, 72, 3-26. doi: 10.1037/H0021703 

Zwicker, E., & Terhardt, E. (1980). Analytical expressions for critical-band 
rate and critical bandwidth as a function of frequency. Journal of the 
Acoustical Society of America, 68, 1523-1525. doi: 
10.1121/1.385079 

 

 


