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This dissertation results from a unique, and perhaps unlikely, collaboration between the 
departments of Special Needs Education & Youth Care and Artificial Intelligence of the 
University of Groningen. We did not aim for multidisciplinarity only, which simply draws on 
the knowledge of different disciplines, but for true interdisciplinarity by integrating 
perspectives, knowledge, and methods from different disciplines. We have demonstrated the 
complementary connectivity between emotion research, soundscape research, and pedagogics, 
in a synthesis that blurred the boundaries of these disciplines (Choi & Pak, 2006). This 
synthesis allowed us to generate new methodologies, knowledge, and insights, regarding the 
role of sound in residential facilities and day care services for people with severe or profound 
intellectual (and multiple) disabilities, a hitherto neglected topic. And it has also enriched our 
understanding of the role of sound and audition on core affect, and vice versa. In this 
discussion we will summarize and substantiate our findings. 
 
 
 

Main findings 
 
We started our research by formulating a theoretical framework (Chapter Two). Here, we 
argue that the quality of auditory environments is best understood in terms of how people 
appraise these environments with regard to audible safety, and the combination of 
pleasantness and eventfulness, as opposed to acoustic parameters, such as loudness. 
Soundscape and emotion research point out that there is a dynamic interaction between our 
environment and our moods, and we propose to integrate these to define a taxonomy of 
soundscapes. By combining the main properties of soundscape appraisal and affective 
experiences (pleasantness and eventfulness), four qualitatively different types of soundscapes 
arise: Lively, Calm, Boring, and Chaotic. 

Sounds inform us about our surroundings, and we proposed they help us forming a 
sense of place (Where am I? and What is going on?). Audible safety is an important 
component of auditory environments, because sounds serve a crucial role in warning us for 
potential danger. If an auditory environment is not indicative of safety people become more 
vigilant and alert, which results in stress and appraised unpleasantness. People with severe or 
profound intellectual disabilities often suffer from visual impairments, making them more 
dependent on the sound in their environment. As a result, it is likely that the consequences of 
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the quality of auditory environments on their moods are amplified. The constant process of 
determining audible safety in complex auditory environments and the accompanying arousal 
might dominate their (limited) cognitive resources. Therefore, if not paid particular 
attention, the living environments of people with severe or profound intellectual disabilities 
might be structurally deprived of useful indications of safety. The resulting stress and arousal 
will affect their overall psychological well-being and quality of life, and possibly contribute to 
challenging behaviors.  
 To test the validity of this framework, we organized a focus group study for healthcare 
professionals working with people with severe or profound intellectual disabilities (Chapter 
Three). We included 34 professionals from three different organizational levels (executive, 
context providing, and strategic). The latent knowledge of these professionals regarding the 
role of sound for people with severe or profound intellectual disabilities was consistent with 
our theoretical framework, and affirmed the hypotheses that sound is important in 
establishing a sense of place and influences the behavior of people with severe or profound 
intellectual disabilities. The results from the focus group study emphasized that raising 
awareness among the staff (in all layers of the organization) about the role of sound in the 
homes for people with severe or profound intellectual disabilities is a necessary first step in 
improving the auditory environments of these people. With this validation of our theoretical 
framework, we answered the first research question as formulated in the introduction. The 
role of sound for people with severe or profound intellectual (and multiple) disabilities is to 
inform them about their surroundings (in other words: form a sense of place), and to provide 
them a basic sense of safety. 
 In the second part of this dissertation, we developed an assessment procedure 
(Assessment Auditory Environment, Chapter Four) to explore and test the relationship between 
the auditory environments and moods of 36 people with severe or profound intellectual 
disabilities. With this assessment procedure we conducted an observational study, carried out 
by DSP. Results endorsed a positive relationship between the quality of the auditory 
environment and the moods of people with severe or profound intellectual disabilities, 
indicating that improved auditory environments ameliorate the moods of these people.  

Subsequently, we digitized this assessment procedure as a smartphone application 
(MoSART, Chapter Five). Results of the DSP using this application showed an improvement 
of the quality of the auditory environment, with an increase of lively appraised soundscapes. 



DISCUSSION 

	  98	  

In turn, this improvement was accompanied by a significant decrease of negative moods and 
severity of stereotypical behavior of 15 people with severe or profound intellectual disabilities, 
as predicted by the theoretical framework. These results demonstrate the immediate and 
strong effects of the auditory environment on moods, and the plausibility of success of sound 
related interventions. The results also suggest that working with this assessment procedure 
empowered the DSP to implement improvements in the auditory environment. 

In the third and last part of this dissertation (Chapter Six) we describe the effects of a 
more controlled study on the effect of different soundscapes on the core affect of 13 people 
with severe or profound intellectual disabilities. We presented the participating individuals, 
together with their DSP, with five different auditory environments (Beach, Forest, Urban, 
Music, and Silence), in a dedicated sound-insulated room. Results show an increase of 
Relaxed core affect observations after the sessions in all conditions, which was strongest in 
the Beach and Silent conditions. However, the Silent condition was also accompanied by the 
biggest increase of Bored and decrease of Interested core affect observations. 

These last three studies answered the second research question. Our (digitized) 
assessment procedure, based on the proposed taxonomy of soundscapes, proved to be a useful, 
efficient, and easy-to-use way of analyzing and documenting (indoor) auditory environments, 
and the results provide indications on how to improve these environments. 
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Methodological reflections 
 
Research has reached a point at which an abundance of knowledge has been gathered, yet 
every field has become highly specialized. Unfortunately, this leads to fragmentation of 
knowledge, which is characteristic of many fields of science (e.g. Newell, 1973). Our current 
Western society “favors a narrow focus over the broader picture, specialists over generalists, 

fragmentation over unification” (Andringa, Van den Bosch, & Wijermans, 2015), which goes 
at the expense of the coalescence and unification of knowledge needed for a true 
understanding of the complexity of the world.  

For example, in psychology research often focuses on the effects of ‘something’ on the 
well-being of people. Within psychology well-being is typically approached in terms of 
emotion. Emotions however are specific to situations: they are fairly rare, short in duration, 
and have a specific incentive. However, we can always describe some affective state of mind. 
That state is called core affect: our most foundational affective state defined by the 
combination of pleasure and arousal. Since we study something as ubiquitous as the auditory 
environment, we choose to focus on a concept (core affect) that is just as pervasive.  

Furthermore, in the public health domain well-being is often approached in terms of 
physical health, and the effects of noise are studied in terms of acoustical parameters (WHO, 
2011). And yes, if the sound level from for example a highway exceeds certain thresholds, 
blood pressure (on average) rises. But why is that? The acoustic approach to sound is, similar 
to the emotion approach to behavior, mostly too narrowly focused. Because if we lower an 
annoying sound slightly in loudness, or change its pitch, it will not necessarily become less 
annoying. This is because humans are not just objective sound detectors: we appraise our 
environment, we give meaning to it, and this meaning is personal, situational, and social. We 
adopted the soundscape approach in this dissertation, because it focuses on how we appraise 
(or give meaning to) our auditory environment. Since we appraise our environments in a 
congruent way to how we describe our core affect, joining these seemed like the natural thing 
to do.  

One could say that our moods serve as attitudes towards the world (Andringa & Van 
den Bosch, 2013). If we feel good we engage in an open way with the world, but if we do not, 
we focus on ways to make us feel better (Andringa, Van den Bosch, & Vlaskamp, 2013). For 
example if we feel annoyed, it is less likely we let that old lady skip the line in a supermarket. 
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But if we are in a good mood, we might even volunteer to pack her groceries. There is a 
constant interplay between our inner state of being and how we perceive the state of our 
environment (Kuppens et al., 2012). The one cannot be studied without the other, and 
therefore we should focus on their relation to improve our understanding of each. That is 
why we followed an interdisciplinary approach in this research. This approach fits the field of 
special needs education very well, which has a strong focus on assessments and interventions. 
As such, it constantly evaluates many aspects involving the well-being of its clients, and the 
context is always taken into account. 

Next to the interdisciplinary nature of our work, we adopted applied exploratory 
research methods on the grounds that this is the first time the role of sound in residential care 
for people with severe or profound intellectual disabilities is seriously addressed. Exploratory 
research is essential when the research question or problem is in its preliminary, initial, and 
unstructured stages. This requires certain flexibility, but also entails that the research results 
in explicit plans or actions (Shields & Rangarajan, 2013). These plans and actions will be 
discussed hereafter in this discussion.  

The goal of our research was to understand the role of sound in special needs care, 
more specifically for people with severe or profound intellectual disabilities, and to develop an 
intervention-oriented assessment procedure. We realized this through formulating a 
theoretical framework that synthesized existing research, and we adopted an exploratory 
approach to construct and refine an assessment procedure. Consequently there is no 
information available regarding the psychometrics of this assessment procedure yet. However, 
an assessment or intervention procedure must be developed before its effectiveness can be 
measured. We have applied the most appropriate existing techniques (Soundscape Quality 
Protocol by Axelsson et al., 2010) as the basis of our assessment procedure (Assessment 

Auditory Environment and later MoSART). We believe validity of our research (partly) stems 
from the consistency with existing literature, however further research is needed to confirm 
this.  
 While the explorative nature of this study is one of its strengths, it could also be 
considered a limitation. Since it was the first time our assessment procedures were used in 
practice and were not set up as experiments in traditional form with control groups, our 
studies should be considered as pilot studies. While this limits the generalizability and direct 
applicability of the results in particular care settings, significant insight is gained nonetheless. 
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Empirical research to validate our tools as reliable assessment procedures in a range of care 
settings seems like a logical and necessary next step.  

Another limitation is the fact that we used convenience samples, which is often the 
case in working with people with severe or profound intellectual disabilities. The abilities and 
needs of this target group, and those of the care providers, needed to be taken into account. 
Relatively small sample sizes and highly heterogeneous groups of participants are common 
when conducting research with this target group. Therefore caution should be taken not to 
overestimate the value of the statistical techniques used in this dissertation, and their 
outcomes.  

Furthermore, one important (yet unavoidable) confound to consider is the fact that 
the DSP were asked to appraise the quality of the auditory environment and moods of the 
clients, instead of having the participating clients appraise these variables themselves (which 
is challenging due to obvious reasons). It cannot be guaranteed that the appraisal of the DSP 
is in accordance with the actual experiences of the participating clients, which potentially 
lowers the validity of the observations. Since the core affect of an individual influences its 
appraisals (Kuppens et al., 2012), it could also be that the staff attributions were influenced 
by the core affect of the DSP themselves. Additionally, some research indicated that DSP 
have difficulty to reliably assess the affect of individuals with profound intellectual disabilities 
(Hogg et al., 2001). Despite these limitations, behavioral observations are still the standard in 
research regarding individuals with severe or profound intellectual disabilities, simply because 
they have limited capacity for self-report.  
 
 
 
 
 
 
 
 
 
 
 



DISCUSSION 

	  102	  

Theoretical reflections 
 
In this dissertation we propose a theoretical framework and taxonomy of soundscapes, based 
on the concept of audible safety, and on their pleasantness and eventfulness. The definition of 
soundscapes emphasizes how such environments are perceived by individuals, as opposed to 
giving a mere description of acoustic properties of an auditory environment (Schafer, 1977). 
This entails that the properties of soundscapes should connect to the affective experiences of 
the listener, as opposed to simply describing the sound itself (Cain et al., 2013), which creates 
a need for more qualitative (semantic) descriptors of the characteristics of soundscapes 
(Rychtarikova, Vermeir, & Domecka, 2008). The field of soundscape research is an 
interdisciplinary branch of science of increasing prominence. Its researchers endeavor to find 
an answer to the question of how we, humans, perceive the auditory environment, and how 
we attribute meaning to it (Botteldooren, De Coensel, & De Mur, 2006; Cain, Jennings, & 
Poxon, 2013; Schulte-Fortkamp, 2002). Fortunately, it seems that the individual findings do 
not contradict each other; on the contrary, they complement each other.  

We advocate that the simplest safety-relevant meaning attributable to the soundscape 
is of central importance in understanding human perception of soundscapes, and that moods, 
which serve as attitudes towards the world, are closely associated. We believe this reciprocity 
between the appraisal of audible safety in one’s surroundings and one’s moods also holds for 
people with severe or profound intellectual disabilities, and might even be amplified. Below 
we will provide a solid scientific basis to our findings, following the dimensions and core 
components of the proposed taxonomy as shown in Chapter Two (Figure 2). 
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Figure 2. Four types of soundscapes (Lively, Calm, Boring, and Chaotic) and their basic dimensions 

(Eventfulness vs. Pleasantness, or Affordances vs. Complexity) (adapted from Andringa, Van den 

Bosch, & Vlaskamp, 2013). 
 

 

Core affect vs. Appraisal 

Sounds help us form a sense of place, an understanding about the current location and 
situation one is in, which allows individuals to generate expectations and choose situationally 
appropriate behavior (Morgan, 2010; Tuan, 1975; Van den Bosch et al, 2015). Our 
surroundings constantly regulate our perception, cognition and emotions, even when we are 
not aware of it (Bitner, 1992), to promote our survival. Therefore, perception (appraisal: 
shown in Figure 2, outside the circle) and the affective responses it elicits (core affect: shown 
in Figure 2, inside the circle) should not be considered separately, they are intertwined with 
another (Kuppens et al., 2012). Perception impels our basic emotions (Izard, 2007) and our 
emotions serve to establish our position in our environment; they attract us towards particular 
places, situations, and people, and they push us away from others (Levenson, 1999).  
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This push and pull, attraction and rejection, evaluation in terms of positive and 
negative, beautiful and ugly, good and bad, is a central part of our lives, a cross-cultural 
phenomenon (Osgood, 1975), and important for survival. It is ubiquitous, embedded in 
everything we do, and therefore also in how we perceive the world. Wundt (1897) referred to 
this as affect, and he argued that these subjective experiences, or impressions of the world, in 
terms of good or bad (valence) are the most pervasive aspect of human perception.  

We believe this also holds for people with severe or profound intellectual disabilities, 
and they might even rely more on these intuitive and unconscious valance-based impressions 
of the world than people without disabilities, due to their cognitive limitations. Auditory 
perception, or audition, is defined as: “The capacity for, or act of sound-based processing in which 

the existence of something or someone becomes mentally available (in the case of awareness), this 

availability can be used in a reasoning process to discover the consequences of what has been perceived 

(in the case of consciousness)” (Andringa, 2010). Hidden in this definition there is a distinction 
between hearing and listening. Hearing is defined as “the bottom-up, gist activation stage of 

audition aimed at discovering the existence of sound sources and their possible behavioral 

significance” (such as audible safety), and listening is defined as “the top-down, task and 

knowledge specific detailed analysis of sound and sound sources” (Andringa, 2010).  
Following these definitions, we argue that people with severe or profound intellectual 

disabilities rely relatively more on hearing than on listening because their top-down 
processing capacities are limited. This assumption is supported by research showing that 
young children (7-9 months old) do not listen selectively, i.e., based on expectation, as 
opposed to adults (Bargones & Werner, 1994); they have yet to develop a top-down filter. 
This assumption may also apply to some people with profound intellectual disabilities, who 
function on a developmental level < 24 months. 

Moreover, people with severe or profound intellectual disabilities have difficulties in 
regulating their moods and emotions. These difficulties partially arise from problems with 
analyzing their environment and choosing optimal behavior (Evenhuis et al., 2001), 
contributing to the high prevalence of challenging behavior (Poppes et al., 2010). Taking this 
into account, it suggests that the perception or appraisal of the environment has a more 
pronounced (or less inhibited) effect on the affective responses of these people, as opposed to 
the non-disabled population. 
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Pleasantness vs. Eventfulness 

We propose to classify different types of soundscapes based on their pleasantness and 
eventfulness. Cain et al. (2013) summarize several studies that have found similar 
dimensions, or core components, of soundscape appraisal, aiding for this classification. 
Kawai, Kojima, Hirate and Yasuoka (2004) found three dimensions, namely: preference, 
activity, and sense of life. Kang and Zhang (2010) extracted four factors: relaxation, 
communication, spatiality, and dynamics. Berglund, Eriksen and Nilsson (2001) also 
identified four dimensions: adverse, reposing, affective, and expressionless. Additionally, 
Axelsson, Nilsson and Berglund (2010) described pleasantness and eventfulness as the two 
main components of soundscape appraisal. All these factors are fairly similar and have in 
common that they highly relate to the pleasantness, or valance or affect, and informational 
content of a soundscape. In fact Davies and Murphy (2012) conclude, conform Axelsson, 
Nilsson and Berglund (2010), “the weight of evidence in the literature is now sufficient for the 

first two dimensions of calmness/pleasantness and activity/eventfulness to be regarded as a ‘standard 

model’ for the perceptual dimensions of soundscapes.”  
 The motivational approach to emotion as described by Cacioppo and Gardner (1999) 
gives a possible explanation as to why these two components are so pervasive and reoccurring 
in soundscape research. They describe an affect system underlying emotion or affective 
judgment and state that two separate channels (or systems) in the brain process positive and 
negative (or threat related) information. This is supported by fMRI studies demonstrating 
differences in brain activation across positive, negative, and neutral appraised (visual and 
auditory) stimuli (Chikazoe, Lee, Kriegeskorte, & Anderson, 2014; Davies et al., 2009). 
Similarly, Bradley and Lang (2000) found that the principal variance in emotional meaning 
people give to sounds, can be explained by two factors, namely pleasure and arousal, which 
are similar to the dimensions of core affect (Russell, 2003). They argue that this is related to 
two (appetitive and defensive) motivational systems that underlie affective judgment; valence 
indicates which system is active, and the level of arousal indicates the intensity of activation 
of these systems, which brings us to the two main dimensions of our taxonomy of 
soundscapes: pleasantness and eventfulness. 

Furthermore, our taxonomy of soundscapes seems to satisfy two needs that are 
described by Cain et al. (2013). First, it describes soundscape based on two dimensions, 
which is preferable due to practicality and usability for e.g. urban planners. Secondly, it 
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decomposes soundscapes into dimensions that are related to our emotional appraisals of these 
environments (Cain et al., 2013), since we have coupled it directly to core affect, the heart of 
all affective experiences. The dimensions of core affect, pleasantness and arousal, closely 
resemble the dimensions of soundscape appraisal, pleasantness and eventfulness. 
Furthermore, Russell’s (2003) model shows that interactions with the environment can 
change a person’s core affect, which is supported by in vivo research showing that peoples’ 
appraisal of their environments reflects their mood, and vice versa (Kuppens et al., 2012). 
Therefore, the concept of core affect allows for a more principled understanding of human 
perception of soundscapes, it demonstrates that our moods serve as attitudes towards the 
world, and seems as such particularly appropriate for describing the quality of soundscapes. 

Additionally, focusing on core affect appears to be valuable in research on the affective 
lives of people with severe or profound intellectual disabilities. Their cognitive disabilities 
entail limitations in emotional expression and communication (Adams & Oliver, 2011), 
making it difficult for the DSP to recognize their emotions correctly. In turn, this impedes 
(observational) research on the relationship between the environment and feelings of people 
with severe or profound intellectual disabilities. Focusing on core affect as a way to describe 
foundational affective states might be beneficial in this matter, since it is less specific and 
more holistic than emotions. It thus seems that the concept of core affect has great potential 
to serve as an insightful contribution to both soundscape research as to research on the 
affective lives of people with severe or profound intellectual disabilities.  
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Complexity vs. Affordances 

In addition to the two main (horizontal and vertical) dimensions of soundscape appraisal, we 
introduced two accompanying diagonal dimensions: affordances and complexity, which relate 
to the vibrancy and calmness dimensions reported by Cain et al. (2013). We proposed that 
affordances indicate the extent to which the environment offers (pleasant) options for self-
selected behavior, and the complexity of an environment indicates how difficult it is to choose 
situationally appropriate behavior. This notion is consistent with the work of Ulrich (1983) 
who hypothesized that natural environments are (visually) analyzed based on their structural 
aspects such as complexity, depth, threats, and the presence of environmental classes like 
water, which elicit affective responses mediating adaptive behavior and functioning, and as 
such promote survival. Work from Greene and Oliva (2009) corroborates this, demonstrating 
that basic affordances in visual stimuli (naturalness, navigability, concealment) are detected 
quicker than basic object classes (mountains, deserts, lakes). 
 The prospect refuge theory by Appleton (1975) proposes that landscapes that appear 
to satisfy survival needs elicit more pleasurable responses. In the light of evolution, humans 
prefer environments that have many useful affordances and promote exploration, thus open 
landscapes. However, more enclosed environments are sometimes preferred since they offer 
safety and make it easier to preserve resources (Appleton, 1975). Smaller spaces also promote 
interpersonal relationships between people who have a strong and positive emotional bond; in 
fact we like to keep those people close (Wohlwill, 1976).  

Although the prospect refuge hypothesis was originally formulated for landscapes, 
soundscapes help us just as much in characterizing different environments (Pheasant, Fisher, 
Watts, Whitaker, & Horoshenkov, 2010) and determining survival needs (e.g., hearing a 
river when one cannot see it). Recent research affirms the ideas of Appleton and showed that 
small rooms are overall perceived as safer and more pleasant than big rooms while listening to 
different sounds (Tajadura-Jiménez, Larsson, Väljamäe, Västfjäll, & Kleiner, 2010a). 
However, this effect did not hold when the participants were presented with alarming 
sounds, supporting the notion that pleasant and unpleasant, or safe and alarming, sounds are 
processed differently (Tajadura-Jiménez et al., 2010a). Interestingly, these effects were 
stronger for natural sounds as opposed to artificial sounds and the authors speculate that 
human audition might be tuned to natural sound sources. 
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The abovementioned findings suggest that (auditory) environments are processed 
based on characteristics that are beneficial for survival. People without disabilities do this 
subconsciously, but for people with severe or profound intellectual disabilities, who per 
definition rely less on cortical processing of information, it might be a more eminent 
component of their entire perceptual processing.  

Furthermore, it is likely that the (artificial, man-made) soundscapes people with 
severe or profound intellectual disabilities reside in, are too complex for them. Research by 
Munde, Vlaskamp, Maes, and Ruijssenaars (2014) showed that people with profound 
intellectual and multiple disabilities can only remain alert for short periods of time around 20 
seconds, followed by periods of no or limited alertness. Alertness thus occurs in waves. This 
entails that people with these disabilities will not be able to deal with complex stimuli for 
long, and many soundscapes are complex to say the least. It is likely that the processing of 
low-quality, complex, soundscapes dominates the already limited cognitive resources of 
people with severe or profound intellectual disabilities, going at the expense of their already 
fragile alertness (Kahneman, 1973). Interestingly, the research by Munde et al. (2014) found 
no effects of auditory stimuli like (soft) music or the voices of DSP, i.e., they did not attract 
any attention. In the line of our research this can be explained by acknowledging the value of 
audible safety within these stimuli, and as we predict, they indeed do not demand (or attract) 
attention; they just confirm audible safety. 
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Audible safety 

As we stated throughout this dissertation, we claim audible safety is the central element in 
the perception of our auditory environments and determines our appraisal of soundscapes. If 
we take into account the evolutionary, or biological, function of our perceptual systems, it 
seems rather conspicuous that audible safety plays such an important role. Audition has an 
evolutionary history of millions of years (Hester, 2005) and its most important function could 
be to estimate danger and safety (Andringa & Van den Bosch, 2013; Juslin & Västfjäll, 
2008). Audition might even be more important than vision in warning us, simply because, 
unlike vision, sound is perceived omnidirectionally and independent of day- or nighttime. 
Schafer’s (1977) definitions of high and low quality soundscapes, respectively characteristic of 
natural vs. non-natural/mechanical worlds and with far vs. near sonic horizons, was already 
suggestive of this function. For example, research indicates that humans have an attentional 
bias for sounds outside one’s visual field (Tajadura-Jiménez, Väljamäe, Kitagawa, & Ho, 
2010) and sounds heard behind us, compared to in front of us, elicit more arousal and larger 
physiological responses, which holds especially for natural sounds (Tajadura-Jiménez et al., 
2010a).  

Additionally, the fact that humans seem to have faster reaction times to auditory than 
to visual stimuli, about 50-60 milliseconds faster (Jáskowski, Jaroszyk, &Hojan-Jezierska, 
1990), supports the claim that the auditory system has a crucial warning function. These fast 
reaction times are due to a subcortical processing of auditory streams by the cochlear nucleus, 
which can account for several features of perceptual organization (Shamma & Micheyl, 
2010), and it seems that the fastest signal detection is mediated by the amygdala, also a 
subcortical area in the brain known to be involved in the coupling of perception and emotions 
(Ising & Kruppa, 2004; Spreng 2000). Therefore, even during sleep, certain sounds can be 
interpreted as dangerous, inducing the release of stress hormones and trigger protective 
reactions (fight, flight or defeat: Henry, 1992; Ising & Kruppa, 2004). For this, the 
information disclosed in sound seems more relevant than the acoustic characteristics of the 
sound (Ising & Kruppa, 2004).  

We believe that our current day appraisals of soundscapes are still very much based on 
old evolutionary and survival driven strategies, and we propose that the first (subconscious) 
decision made in the processing of auditory information is an assignment of safety by 
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subcortical processes. Only after a situation has been deemed safe, can additional resources be 
allocated for higher complexity processing.  

This is of particular importance to people with severe or profound intellectual 
disabilities. Since there is a more prominent role of subcortical areas in hearing than in vision 
(Andringa & Lanser, 2013), explaining the lower prevalence of auditory impairments as 
opposed to visual impairment in these people (Evenhuis et al., 2001), we believe that the 
basic processing of audible safety is still more or less intact in people with severe or profound 
intellectual disabilities. However, the constant process of determining audible safety in 
complex auditory environments could exceed their limited cognitive resources (Kahneman, 
1973). Since they have reduced (higher) cognitive functioning, they also might not able to 
learn and reason about the larger cultural guarantees for safety. This is likely to result in stress 
and arousal, affecting their overall psychological well-being and quality of life (Petry, Maes & 
Vlaskamp, 2005).  
 

Quietness  

Just recently has audition been used for speech and non-natural sounds (Andringa & Van den 
Bosch, 2013), which seems to make it harder for humans to establish audible safety (and even 
more so in people with severe or profound intellectual disabilities). And even though survival 
is not a pressing need for most people nowadays, some authors state that this remnant 
primitive reaction must still be an important factor in our appraisal of environments, by 
fulfilling a restorative need for well-being in tranquil environments (Pheasant et al., 2010). 
And indeed, in our current day, busy and chaotic environments, there is a strong need for 
quietness (Booi & van den Berg, 2012).  

Quietness (here defined as a tranquil state of mind, and not a direct acoustic 
descriptor of silence) is a universal need, and its perception is not related to personal 
characteristics. Most people have the need to recover in quietness, and everybody perceives 
the same (audible safe) places as quiet (Booi & van den Berg, 2012). This need for quietness 
can be explained by the Attention Restoration Theory of Kaplan (1995), which states that 
prolonged periods of (subconscious) directed attention lead to attentional fatigue, and this 
needs to be recovered in restorative environments. This gains support from findings that 
restorative environments offering relief from sustained directed attention are known to reduce 
stress and increase well-being (Hartig, Kaiser, & Bowler, 1997). Also, according to 
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Kahneman (1973), cognitive resources are limited, which explains why there is an even 
higher need for quietness among people with bad health or older age (Booi & van den Berg, 
2012), making it even more important for people with severe or profound intellectual 
disabilities.  

For restoration we need an alternate mode of attention, one that benefits recovery: 
fascination. It is proposed that natural environments are ideally suited for fascination because 
they are tranquil, leave a harmonic impression (Booi & van den Berg, 2012), and are rich, yet 
do not demand directed attention (Kaplan, 1995). We believe this is due to the high 
redundancy of easy to process indications of audible safety in natural environments. This is 
supported by findings indicating that mechanical sounds decrease perceived tranquility, and 
natural sounds enhance it (Pheasant et al., 2010). Furthermore, findings by Darner (1966) 
demonstrated that mechanical sounds elicited unpleasant and alert feelings (as opposed to the 
sound of birds), and more recently Buxton et al. (2012) found that electronic sounds are more 
arousing than other sounds of similar loudness. Especially for people with severe or profound 
intellectual disabilities, this entails that mechanical or electronics sounds should not dominate 
their (supposedly restorative) living environments.  

Kaplan (1995) proposes that this need for restoration from directed attention fatigue 
might be a recent problem, since we are now exposed to so many stimuli that we have to 
make the distinction between what is important and what is interesting. Our current living 
environments claim a lot of directed attention. We engage in many interpersonal interactions, 
need to pay attention to traffic when we are outside, get constantly distracted by email, 
messages and phone calls, advertisements etcetera. We are constantly exposed to numerous 
and various stimuli that require or demand our attention. This cognitive overload requires a 
lot of effort, making us susceptible to fatigue and distraction.  

We are less and less in control of our auditory environments, and they have become 
more diverse, less harmonious, and less predictable, leading to more negative appraisals of the 
(urban) soundscapes we live in (Davies et al., 2009). Therefore, our environments should 
offer more diversity, especially in busy cities, so that people have access to quiet (and audible 
safe) soundscapes where they can recover from our cacophonous living environments (Booi & 
Van den Berg, 2012), which especially applies to the auditory environments in residential 
facilities and day service settings for people with severe or profound intellectual disabilities. 
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Conclusion 

Summarizing the above, it seems that our auditory system functions as an (if not the most) 
important warning system, and people appraise their (auditory) environments based on the 
meaning they attribute to it (which is a central aspect in the soundscape approach). Our 
appraisals of soundscapes are based on two main components, namely: pleasantness and 
eventfulness. These dimensions reflect old motivational and affective systems, attracting us 
towards certain situations and withholding us from others, to enhance our chances for 
survival.  

We hypothesize that our current day, manmade and mechanized, living environments 
are not adapted to our, evolutionary old, (subcortical) auditory system, and that we 
consequently have difficulty establishing audible safety. This leads to more negative and 
aroused states of core affect, with stress related symptoms as a result. This holds true in 
particular for people with severe or profound intellectual disabilities, who usually live in 
unfitting auditory environments and (have to) rely more on subcortical processing of auditory 
information.  

Our findings provide a scientific basis for Florence Nightingale observations, as an 
explanation of why humans have a growing need for quietness (as a state of mind), and why 
the noise-stress hypothesis (as explained in the introduction) functions in the way it does. 
Strikingly, the noise-stress hypothesis is commonly used in research regarding the adverse 
effects of noise, which focuses on acoustic parameters such as loudness. However, the 
definition of noise, namely: unwanted sound, already directly implies a core role for a process 
estimating the wanted- or unwantedness of (the) sound, i.e. meaning giving on the axis of 
unpleasant-pleasant, while this meaning is often forgotten (or ignored) in acoustically focused 
research. 

The research set out in this dissertation has features that are of interest to and could 
benefit soundscape research in general. Not only does our theoretical framework demonstrate 
why acoustical research is not adequate by itself to explain the effects of unfavorable auditory 
environments, but also why the taxonomy of soundscapes we propose, with the well-founded 
connection to psychology, can serve as a standard measure of the quality of soundscapes. But 
most importantly, it demonstrates the importance of the quality of soundscapes in residential 
facilities for people with severe or profound intellectual disabilities to ensure them a high 
quality of life.   
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Implications for the care practice 
 

As described above, we argue that the role of sound for people with severe or profound 
intellectual (and multiple) disabilities, like any other hearing human, is to inform them about 
their surroundings (Where am I? and What is going on?), and to provide a basic sense of 
safety. Below we will provide general recommendations, implications and practical 
suggestions on how to improve the auditory environment in the care practice with regard to 
audible safety. We discuss the application of our results for specific situations, namely social 
interactions and audio-visual media as a leisure option, and the role of good acoustics. We 
end this part with some notions on how to raise awareness on the topic of audible safety in 
residential facilities and day care services for people with severe or profound intellectual 
disabilities. 
 

Audible safety 

The most important recommendation we make is to provide ample indications of audible 
safety in the living environments of people with severe or profound intellectual disabilities. 
Audible safety may prevent prolonged periods of stress, reduce low moods and/or challenging 
behavior, and as such contribute to a better quality of life for these people. If the overall 
situation is clearly indicative of safety through audible activities, even quiet distinctive and 
unpleasant sounds may not be so disturbing because they occur in a reassuring environment. 
Audible safety indications are profoundly normal and pleasant sounds, which should either be 
relaxing and reassuring, or encouraging activation if desired.  

Relaxation can be achieved in calm soundscapes, for example, through providing 
individual background sounds that are pleasant and casual for people with severe or profound 
intellectual disabilities, such as the sounds of nature or relaxed animals. If possible, one could 
for example open a window or patio door to let outdoor sounds in, like the song of birds or 
wind rustling through the leaves. These sounds can also be simulated electronically by the use 
of cd’s or other media, however the manner in which the sound is presented may be of central 
importance (Guastavino, Katz, Polack, Levitin, & Dubois, 2005). Lively, stimulating, 
soundscapes represent many affordances that offer interesting options to attract attention and 
thus promote interest and playful behavior. They consist of pleasant, fun, and appealing 
foreground sounds, like the sound of music or toys.  
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Non-natural sources, like ventilator, traffic, or other machine sounds, mask pleasant 
(and safe) sounds, and act as distractors that make it more difficult to establish audible safety, 
and as such should be avoided. Utter silence on the other hand is also not preferable, since it 
does not offer audible safety. Therefore, a pleasant and reassuring (soft) background sound 
should always be present. This does not always have to consist of natural sounds or music, but 
can also include the sound of DSP being close by and, for example, preparing a meal. The 
sounds of (reoccurring) activities and DSP can help to provide people with severe or 
profound intellectual disabilities with a sense of recognition of certain persons, places, or 
activities. For example, certain sounds might be consistently used as sound marks that 
indicate daily structure and as such offer predictability of what’s to come.  

One sound that is often found in residential facilities for people with severe or 
profound intellectual disabilities is the vocalization of (anxious) residents. These sounds are 
clearly not indicative of safety, but unfortunately are mostly inevitable. Some residents might 
be more sensitive to the vocalizations of group members than others, which should be taken 
into account in the composition of groups.  

Resistant or withdrawn challenging behavior could be seen as an indication of unsafe 
or otherwise sub-optimal soundscapes, and should encourage DSP to improve the 
environment. Unpleasant (or unsafe) foreground (chaotic) or background (boring) sounds 
should be avoided, as well as an abundance of mechanical, man-made, sound-producing 
activities (like appliances). One potential solution is to create enough diversity in auditory 
environments in residential facilities so that an escape from unfavorable soundscapes is 
possible, by offering quiet (not silent) rooms or moments throughout the day. When there 
are enough opportunities to experience pleasant soundscapes, either calm or lively depending 
on the current preference, people with severe or profound intellectual disabilities can relax or 
explore and recover from the hectic soundscapes.  
  

Soundscapes and social interactions 

Social interaction is one of the core dimensions of quality of life (Petry et al., 2005), and of 
great importance to the well-being (Emerson & McVilly, 2004) of people with severe or 
profound intellectual disabilities. Social interactions take place at every developmental level, 
but the nature of these social interactions varies due to the specific disabilities and barriers 
that are encountered in such interactions. People with severe or profound intellectual 
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disabilities are, however, able to understand the social behaviors of an affective and familiar 
interaction partner during interactions in a familiar, and probably safe, context. Affect 
attunement (Stern, 1985) is one of the few ways in which people with such limited ways of 
communication share their internal affective state, by the (emphasized) recasting of their 
emotional-behavioral states by DSP. Research however shows that the occurrences of affect 
attunement between DSP and people with profound intellectual disabilities are rare, short, 
and subtle (Forster & Iacono, 2014).  

Unfavorable auditory environments might substantiate this lack of interaction, since 
research indicates that bad acoustics decrease social interactions (Klatte et al., 2010; Spreat, 
Lamina, Jefferys, Axelrod, Murphy, & McGuffin, 1990). This could be mediated by noise 
induced stress and fatigue (Evans & Hygge, 2007) in people with severe or profound 
intellectual disabilities as well as in the DSP. On the other hand, research has shown that 
moderate levels of ambient noise (pleasant background sounds) can enhance creative 
cognition (Mehta, Zhu, & Cheema, 2012), which could promote participation in (playful) 
activities and engagement in social interactions by the DSP. We believe that positive 
soundscapes kindle positive emotions, in people with severe or profound intellectual 
disabilities as well as their DSP, and therefore promote higher quality social interactions and 
improved quality of life (Fredrickson, 2001; Fredrickson & Branigan, 2005) 
 

Audio-Visual media as leisure options  

Access to leisure options is another important aspect of the quality of life of people with 
severe or profound intellectual disabilities (Sivan, 2000), and freedom of choice is an essential 
part in the definition of leisure (Hogg, 1995). Currently, the most frequent offered leisure 
activity to this group of people is audio-visual media, like watching TV or listening to music 
(Zijlstra & Vlaskamp, 2005). However, this is often done in an improvident and crude way, 
and freedom of choice is generally minimal. Furthermore, considering the high valence of 
sensory impairments and seizure disorders, the appropriateness of such activities is 
questionable (Zijlstra & Vlaskamp, 2005).  

In a positive soundscape, proper music can help to relax people and it can even have 
healing effects (Feder & Feder, 1981; Mazer, 2005). But in an unpleasant soundscape, we 
predict that music contributes to the chaos (Van den Bosch & Andringa, 2014). Therefore, 
DSP should be more meticulous in maintaining a high-quality auditory environment and 
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should realize that while (loud) music can be used to mask negative sounds, it also masks the 
necessary reassuring positive sounds. As such, DSP should prevent that music is audible the 
entire day, just for the sake of ‘having the radio on’. One could also think of creating 
dedicated rooms, or investing in high-quality headphones, so that the residents with severe or 
profound intellectual disabilities can each enjoy their own music on desirable moments 
without bothering other residents.  
 
Acoustics 

Even though we stated earlier that acoustic measurements are not sufficient to measure the 
quality of soundscapes, they are still important. For example, acoustical measurements of 
reverberation time are related to perceived homelikeness, which in turn is tied to challenging 
behavior (Egli et al., 1999). Moreover, studies seem to indicate that there is a threshold of 
noise level around 65 dB(A) during the daytime at which the risk of cardiovascular disease 
arises (Babisch, 2002; Ising & Kruppa, 2004). Examples of sounds that have a loudness 
around 65 db(A) are an air-conditioning system or a washing machine, a normal 
conversation, or the sound of a television. Considering these sounds are all fairly common in 
residential facilities for people with severe or profound intellectual disabilities (and probably 
other long term healthcare settings), and often occur simultaneously, this entails that there is 
an increased risk of cardiovascular diseases (and other adverse effects of noise) for the 
residents as well as the personnel.  

Therefore, care must be taken that not too many (loud) sound sources are audible 
simultaneously, and definitely not for prolonged periods of time. For pleasant appraised 
sounds, usually no limits need to be imposed on sound level or duration. For unpleasant 
sounds, there is a distinction between continuous and non-continuous sound sources: 
continuous sounds (like constant music or appliances) generally become more annoying the 
louder they become, and non-continuous sounds (such as people entering, doors closing 
loudly) get more intrusive the more often and longer they occur (Booi & van den Berg, 
2012). Also, non-reassuring sounds coming from behind should be avoided, as they may elicit 
more arousal (Tajadura-Jiménez et al., 2010a). 

Suggestions on how to improve the acoustics in residential facilities and day care 
services for people with severe or profound intellectual disabilities can be drawn from research 
on noise in hospitals (Herman Miller, 2009). For example, the building materials of the 
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walls, floors, and ceilings, make up for most of the (unfavorable) acoustical properties of 
hospital rooms. One study showed that by replacing the ceiling with acoustical tiles, and 
applying sound-absorbing carpet on the floor, the overall loudness of the auditory 
environment reduced and quality of sleep of the patients improved, without sacrificing the 
hygiene of the environment (Dubbs, 2004). Also by simply lubricating the moving parts of 
(heavy) rolling equipment, can the noise levels be decreased significantly (Mazer, 2002). 
These interventions can also be applied in the living environments of people with severe or 
profound intellectual disabilities, and should already be taken into account when designing 
and building such facilities. One extreme example found in the practice was a bedroom that 
was placed next to a laundry room where laundry machines frequently were on during the 
nights. This came at the expense of the quality of sleep of the resident, which easily could 
have been avoided. 
 
Raising awareness  

One important requirement for all recommendations and improvements is to raise awareness 
of the role of sound in residential facilities and day care services for people with severe or 
profound intellectual disabilities. Despite some studies on noise-abatement strategies in 
hospitals, which suggest that design interventions lead to better results than organizational or 
behavioral interventions (Zimring, Joseph, & Choudhary, 2004), we believe that raising 
awareness is the essential first step. For as long as the DSP are unaware of the quality of the 
auditory environment and the effects of poor auditory environments, those environments will 
endure (Egli, Roper, Fuerer & Thompson, 1999; Keizer, Linderberg, & Steg, 2008), and 
might lead to detrimental consequences for the health and well-being of the residents that 
live in such environments.  

To acknowledge the role of audible safety and translating (on the basis of experience 
and common sense) one ’s own relation to good and bad soundscapes towards the needs and 
wishes of people with severe or profound intellectual disabilities will be a first and important 
step towards offering audible safety. The results in Chapter Five demonstrate that the use of 
MoSART, without further instructions on how to improve the auditory environments, lead 
to an improvement of the quality of these environments. These results endorse that raised 
awareness alone can have significant beneficial effects, and that MoSART is an efficient tool 
to achieve this. 
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It is the task of the DSP to recognize what is good for their clients and to act 
appropriately, and it is the task of the management to promote this. Yet the results from 
Chapter Three suggest that, in particular, the management may be unaware of the role and 
importance of sound in the day-to-day-care. Therefore we advise to acknowledge the 
importance of the auditory environment throughout the entire organization, and emphasize 
and include it in daily policies and practices. The auditory environment should become part 
of the responsibilities of interdisciplinary teams containing, amongst others, physicians, 
occupational therapists, and behavioral scientists. Sensitivity and preference for certain 
sounds should become part of personal files, more effort should be made to diagnose and 
treat sensory impairments correctly, and DSP should be trained to understand and effectuate 
high quality soundscapes. Music therapists are particularly prone for the purpose of raising 
awareness. These professionals are used to work with sound and are trained in specific 
methods to observe and assess the effects of different sounds on their clients. We believe it 
would be highly beneficial to extend their skills and knowledge to the entire auditory 
environment, instead of being confined to sparse therapeutic moments. 	  
 
 

Recommendations for future research 
 
This dissertation focused on the development and refinement of an intervention-oriented 
assessment procedure to analyze and document the auditory environment of people with 
severe or profound intellectual disabilities. Since this is a newly developed assessment 
procedure, and the dissertation mainly consists of exploratory (or pilot) studies, there is no 
information regarding the psychometric qualities of this procedure yet. Follow-up studies 
with control groups and simultaneous observations by (at least) two members of the DSP, or 
other observers such as researchers or family members, are needed to analyze inter-rater 
reliability and further psychometrics to validate the assessment procedure. We are, currently, 
already in the process of doing this, since MoSART is being implemented at two healthcare 
organizations in the Netherlands, offering residential care and education to people with 
intellectual and visual disabilities. The results from these studies will provide more 
information regarding validity and reliability.  
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 Even though research indicates that people appraise soundscapes in a fairly consistent 
manner, Cain et al. (2013) noted that possible nuances between different demographic 
groups should be studied more. This especially holds for the highly heterogeneous group of 
people with severe or profound intellectual disabilities. Our choice not to focus on, and 
control for, individual differences (e.g. level of intellectual or visual disability) in the statistical 
analyses, was based on the nature of the target group and the facilities in which they reside. 
In these residential facilities a number of people with severe or profound intellectual 
disabilities are placed together and share one auditory environment that influences them all 
simultaneously. Therefore, the priority was to study and improve these environments as a 
whole, so that many residents could benefit from these improvements, as opposed to focusing 
on individual based interventions. Future research could focus more on individual differences, 
however a larger number of participants is needed to achieve sufficient statistical power in 
subgroups to conduct a more detailed analysis.  

One important question that remains to be solved is how people with severe or 
profound intellectual disabilities actually perceive soundscapes. Given their profound 
disability, it is likely that they process and interpret sound in a different way than people 
without disabilities. People without intellectual disabilities are likely to rely more on 
knowledge driven (top-down) processing and can, for example, distinguish the importance of 
sounds. People with severe or profound intellectual disabilities might do this poorly, more 
slowly, or not at all. Individual sounds may appear equally important to them, because 
prioritizing might be difficult and they may have difficulties in attending to different sound 
sources effectively. 

This notion gives rise to a need for potentially rotating the axes of the soundscape 
taxonomy (pleasantness and eventfulness), for people with severe or profound intellectual 
disabilities. For instance, people without disabilities might perceive a particular environment 
as lively, while those with severe or profound intellectual disabilities might perceive it as 
chaotic and overwhelming. Also the proposed role of audible safety should be examined 
further. Questions like which sounds guarantee audible safety and the actual effects of these 
indications of safety deserve further research attention.  

Only by researching, in a controlled way, how people with severe or profound 
intellectual disabilities react to different kinds of soundscapes, will we be able to unravel the 
actual perceptual processes of these people. Behavioral correlates of soundscape quality, 
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affect, and physiological measures, which are objectively observable phenomena, might offer 
insight into the subjective experiences and auditory processing of these individuals. The work 
of Vos, De Cock, Munde, Petry, Van Den Noortgate, and Maes (2012) may serve as a basis 
for such research. The perceptual processes of people with severe or profound intellectual 
disabilities could be of interest to soundscape research in general, since they might inform us 
of the fundamental aspects of sound perception, because their (subcortical) responses are less 
filtered or modified by higher cognitive (and culturally biased) processing. 

Currently, it is not feasible to make correct judgments on how people with severe or 
profound intellectual disabilities experience soundscapes. That is the main reason why in this 
dissertation the DSP were asked to observe and appraise the soundscapes as they themselves 
experienced these environments. Until we have assessment procedures that reliably and 
validly measure how people with severe or profound intellectual disabilities appraise 
soundscapes, automated soundscape appraisal can be a way to diminish the indispensable 
confounding variables of staff attributions. In the future we hope to use machine-learning 
algorithms to automatically determine soundscape quality and provide the users, whether it 
be DSP or researchers, with a standardized result.  

Lastly, soundscape research has a strong focus on outdoor settings, and the fact that 
we have studied indoor environments is unusual. Most people have control over their living 
environments, and therefore it can be assumed that these indoor soundscapes fit the need and 
preferences of its residents. However, people with severe or profound intellectual (and 
multiple) disabilities often do not have this autonomy over their living environment and 
dependent on the attentiveness, and the knowledge and skills of the DSP, as they will make 
the choices for them. This applies to other long-term healthcare settings as well, like 
retirement homes or long stay hospitals. For its vulnerable residents, these healthcare settings 
are their living environments, so they should be able to feel at home there. Furthermore, the 
main objective in these settings is to provide the best possible care to maintain and improve 
the well-being of its residents. As long as the auditory environment continuous to be 
overlooked, this objective will not be realized, because the auditory environment has a 
significant influence on their (physical and psychological) well-being (as set out in this 
dissertation). Therefore we should invest more in research on this topic and take careful 
notice of the auditory environment in long-term healthcare settings to ensure it is of the best 
possible quality. In fact, the auditory environment should be safe and sound.  



 

 

	  
	  
	  

“The fidget of silk and of crinoline, the rattling of keys,	  
the creaking of stays and of shoes, will do a patient more 

harm than all the medicines in the world 
will do him good.” 

 
- Florence Nightingale, 1860 - 

 
 
 
 




