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Abstract 
Increased urbanization, stress and lifestyle related illness, and biodiversity loss are some of the most 
urgent challenges today. The potential contributions from green spaces and infrastructures in relation 
to these challenges are several. In addition to benefits such as climate and water regulation, air purifi-
cation, food production, and biodiversity conservation, certain aesthetic, i.e. perceived, qualities of 
green features and natural settings have been shown important for people’s health and wellbeing. The 
potential of such qualities to aid restoration from stress and attention fatigue is well documented. It 
has also been suggested that they could support pro-environmental behaviours, promote physical ac-
tivity, and increase general wellbeing. A difference between grey/urban and green/natural settings has 
been highlighted in previous research. There is a need however for a more nuanced understanding of 
the most important qualities in the environment to consider in order to support human health and 
wellbeing over time.  

Through a universal, human-centred approach, where needs, motivations, and meaningful experiences 
are considered before specific means of physical implementation, this thesis adopts a framework of 
eight aesthetic qualities, termed perceived sensory dimensions, accounting for basic human needs in 
relation to green areas. This framework is investigated and developed in different contexts and at dif-
ferent scales to aid an evidence-based approach to environmental design, planning, and evaluation 
from a human health and wellbeing perspective. A dialectic model based on the framework is sug-
gested as a means to facilitate the inclusion of this level of analysis in, e.g. trans- and interdisciplinary 
research settings, and in environmental design and planning practices. 
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Sammanfattning 
Ökad urbanisering, stress och livsstilsrelaterad ohälsa samt förlust av biologisk mångfald är några av 
dagens stora utmaningar. Potentiella bidrag från grönområden och grön infrastruktur i relation till 
dessa är flera. Förutom funktioner som klimat- och vattenreglering, livsmedelsproduktion och beva-
rande av biologisk mångfald kan gröna lösningar även bidra till människors hälsa och välbefinnande 
genom estetiska värden och stöd för t ex fysisk aktivitet och stressåterhämtning. Skillnader mellan 
grå/urbana och gröna/naturliga miljöer har i dessa sammanhang ofta framhävts i forskningen. Det finns 
dock ett behov för en mer nyanserad förståelse för de viktigaste estetiska kvaliteterna att ta hänsyn till 
vid design, planering och utvärdering av miljöer från ett hälso- och välbefinnande perspektiv.  

Tidigare forskning har föreslagit åtta upplevelsevärden hos grönområden som generellt viktiga för att 
stödja människors välmående över tid. I den här avhandlingen tolkas de som en naturlig, en kulturell, 
en sammanhängande, en varierad, en skyddad, en öppen, en rofylld och en social upplevelsekvalitet. 
De antas peka mot mer eller mindre universella mänskliga behov i förhållande till vår livsmiljö, behov 
som kräver stöd i dess utformning för att tillgodoses. Avhandlingen undersöker och utvecklar dessa 
åtta kvaliteter som ett ramverk till stöd för evidensbaserad design, planering och utvärdering av miljöer 
med människors hälsa och välbefinnande i fokus. Ur detta perspektiv undersöks de i olika skala och i 
olika kontext: i skog, i urbana grönområden, på regional skala och i relation till socioekonomisk jäm-
likhet.  

Avslutningsvis relateras dessa åtta kvaliteter till varandra i en dialektisk modell med människan i cent-
rum. Denna modell föreslås kunna underlätta kommunikation och analys av estetiska kvaliteter inom 
t ex trans- och interdisciplinär forskning samt ge stöd, inspiration och vägledning till praktiker inom 
design, planering och miljöanalys med människans hälsa och välbefinnande i fokus.  
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Preface 
My initial task on the project leading up to this thesis was to develop “indicators for human health and 
wellbeing” with a focus on perceived aspects of green spaces and infrastructures. Many studies, and 
meta-studies, had been published in favour of the general idea that “green is better than grey” from a 
broad health and wellbeing perspective related to the way humans generally perceive and react to 
environmental stimuli. It seemed necessary however to identify some shades of green, qualitative dif-
ferences that could add some nuance to this rather simplified picture, and thus also better inform the 
design, planning, and evaluation of green spaces and infrastructures from this perspective.  

With a background of studies in cognitive science I was familiar with the so-called ecological or em-
bodied approach to perception and the related human-centred approach to design, rooted in fields such 
as ergonomics and interaction design. The underlying idea here is that we respond to features in the 
environment in accordance with the opportunities for meaningful behaviours and experiences they 
present to us as embodied, biological beings. This thesis attempts to bring such an approach into the 
field of environmental design and planning by primarily focusing on a limited number of perceived 
qualities, rather than on a specific set of physically defined parameters. Depending on context these 
qualities might then be operationalized and physically supported in different ways. How this might be 
done is one main concern for this thesis.  

A highly interdisciplinary field of research, methods and tools from fields such as physical geography 
and epidemiology are used together with theoretical concepts from, e.g. environmental psychology 
and cognitive science. This naturally gives rise to certain challenges, not the least of a linguistic nature; 
there is a need to find a language that can mediate between the objective, third person perspective 
often associated with the natural sciences, and the first-person perspective associated with, e.g. psy-
chology and phenomenology. Attempting to navigate this in-between space has been a challenging, 
sometimes frustrating, but overall a very rewarding experience. 

Jonathan Stoltz, 2019 
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1. Introduction 
Increased urbanization, stress and lifestyle related illness, and biodiversity loss are some of the great 
challenges today. Potential contributions from nature-based solutions in relation to these are several. 
Green spaces and infrastructures may contribute to the reduction of noise, filtering of air, to the adap-
tation of climate change effects such as regulation of temperature, water, function as carbon sinks, 
while simultaneously providing aesthetic and social functions (e.g. Gómez-Baggethun et al., 2013). 
They could also aid in restoration from psycho-physiological stress (e.g. Hartig et al., 2014) and at-
tention fatigue (Kaplan, 1995), as well as promote physical activity (Björk et al., 2008).  

From an aesthetic, i.e. perceived qualities perspective, differences between grey/urban and green/nat-
ural environmental conditions have been highlighted in relation to such effects (e.g. Ulrich et al., 
1991). There is a need however for a more nuanced understanding of how such qualities in the envi-
ronment can support human health and wellbeing over time. And there is a need to find valid and 
reliable ways to operationalize and analyse them in order to support design, planning, and evaluation 
practises, as well as trans- and interdisciplinary research that with wish to incorporate this level of 
analysis. 

Research attempting to identify the most demanded qualities of natural areas and urban parks have 
indicated that people's main needs in relation to such environments may be described through eight 
basic qualities, termed perceived sensory dimensions, or PSDs (Grahn & Stigsdotter, 2010). These 
qualities have been revealed through factorial analysis of several different survey studies (e.g. Berg-
gren-Bärring & Grahn, 1995a; Grahn & Stigsdotter, 2010; Adevi & Grahn, 2012). Grahn and 
Stigsdotter (2010) term these qualities as 1) Nature, 2) Culture, 3) Prospect, 4) Social, 5) Space, 6) 
Rich in species, 7) Refuge, and 8) Serene respectively. Based on reported demands in relation to green 
areas in people’s daily lives these qualities do not rely on laboratory studies using images, which has 
otherwise been common in the field (see e.g. Daniel & Boster, 1976). Instead, they could be argued to 
represent ecologically valid categories, i.e. aesthetic qualities of real-world relevance for people in 
relation to their close-by living environment.  

A large number of studies with the PSDs have been conducted in different parts of the world. Examples 
include Lindholst, Caspersen and Konijnendijk van den Bosch (2015) in the Nordic Countries, Maikov 
(2013) in Estonia, Skärbäck and Grahn (2016) in Russia and China, Mansor et al. (2017) in Malaysia, 
Vujcic and Tomicevic-Dubljevic (2017) in Serbia, Memari, Pazhouhanfar and Nourtaghani (2017) in 
Iran, and Chen, Qiu, and Gao (2019) in China. Taken together, studies such as these indicate that the 
PSDs are experienced similarly regardless of cultural context and thus might point towards, more or 
less, universal needs. Following this assertion, this thesis adopts them as a universal conceptual frame-
work, referred to as the PSD framework.  

The overall aim of the thesis is to investigate the applicability of the PSD framework as a tool for 
evidence-based environmental design, planning, management, and evaluation from a health and well-
being perspective, as well as to see how it might be further developed in this regard. This is achieved 
by applying the PSD framework in different ways and in different contexts through the four included 
papers. A synthesis and discussion section, including some suggestions for the further development 
and use of the framework follows. 
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2. Background  
In addition to various ecological benefits, a large body of research has been accumulating suggesting 
that green spaces and infrastructures can benefit human health and wellbeing through psychologically 
mediated pathways, such as restoration of stress and promotion of physical activity (e.g. Hartig et al., 
2014; Egorov et al. 2016). This makes nature-based solutions interesting to explore as means to meet 
some of today’s great sustainability challenges. Some of these challenges are addressed below, and 
related to the papers included in this thesis.  

2.1 Current challenges 
Globally, continuing urbanization poses a major challenge. The on-going urbanization – more than 
half of the human population resides in urban settings, with a rising trend (UN, 2019) – often leads to 
a diminished contact with the natural world. Also, more time is spent indoors instead of outdoors. A 
national human activity pattern survey in the United States revealed people to spend on average less 
than 8% of their awaken time in outdoor environments (Klepeis et al., 2001). These trends may impact 
various aspects of health and wellbeing and potentially also give rise to a loss of emotional affinity to 
nature. This in turn might affect tendencies for engaging in pro-environmental behaviours (Annerstedt 
van den Bosch & Depledge, 2015). This overall trend has been referred to as a growing "nature deficit 
disorder", an “extinction of experience” in the global urbanized population (Pyle, 1978; Soga & Gas-
ton, 2016).  

Meanwhile, non-communicable, stress and lifestyle dependent diseases, such as, e.g. obesity, diabetes 
type 2, and cardiovascular diseases, as well mental disorders such as depression and anxiety dominate 
globally (WHO, 2010; IHME, 2018). Mental health problems are a major contributor to ill-health and 
work disabilities (Salomon et al., 2013; WHO, 2017). In Sweden, psychiatric diagnoses are the most 
common cause of sick leave, and stress-related problems increase the most (Dahlin, 2017). Meanwhile, 
forest covers a large part of the country making the potential of such environments to support health 
and wellbeing interesting to explore. Paper I in this thesis investigates stress-reducing properties of 
forest stands to aid in the restoration of stress and mental fatigue.  

Urban environments also often suffer from high levels of pollutions, and air pollution has been recog-
nized as the world’s single largest environmental health risk (WHO, 2016). Higher concentration of 
pollutants in the air has been linked with higher cancer rates and lowered cognitive performance 
(Zhang, Chen, & Zhang, 2018). Green infrastructures however can reduce street-level concentrations 
through increased deposition rates (Pugh et al., 2012). Also, noise pollution, from traffic and other 
human activities, may be high in urban areas and there are well-documented associations between 
exposure to high noise levels and stress, annoyance, various cognitive problems, and sleep disturb-
ances (e.g. Basner et al., 2014; WHO, 2018). In addition to potentially lower actual noise levels, stud-
ies suggest that perceived greenery and green space access sometimes can have a mitigating effect on 
noise annoyance due to aesthetic influence, where the type and amount of greenery seems to play an 
important role (Gidlöf-Gunnarsson & Öhrström, 2007; Li, Chau, & Tang, 2010). Paper II in this thesis 
investigates relations between aesthetic qualities in close-by green spaces and traffic noise annoyance 
in a cross-sectional study in southern Sweden.  

It has also been shown that various mental disorders, such as depression and even schizophrenia, are 
more common in urban than in rural areas (Peen et al., 2010; Haddad et al., 2015). This has been linked 
to higher stress levels in urban areas, and brain imaging studies suggest that urban dwellers often have 
less capacity to cope with stress than people in rural areas (Lederbogen et al., 2011). In addition, 
Hanski et al. (2012) have suggested that the reduced biodiversity in urban settings can lead to de-
creased diversity of gut and skin microbiota. This in turn has been associated with non-communicable 
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inflammatory conditions such as asthma, allergic diseases, type-1 diabetes, and obesity (Haahtela et 
al., 2013). Moreover, studies show a rapid decline of plant and animal populations over the last century 
(Ceballos, Ehrlich & Dirzo, 2017; WWF, 2018) and habitat loss is considered a main driver of this 
development. Urbanization has had a negative impact on many species, however urban areas may also 
be able to support native biodiversity and even threatened species (Hall et al., 2016; Ives et al., 2016).  

There is a need to develop integrated strategies allowing green spaces and infrastructures to be effi-
ciently used in order to simultaneously meet such ecological and social challenges. Paper III attempts 
to suggest one such multiple-use strategy for urban green spaces through the potential inclusion of 
edible forest gardens, based on agroecological principles. Potentially, such a strategy could provide 
several sustainability benefits, such as climate mitigation and biodiversity support, while simultane-
ously support social and aesthetic needs. Not the least increased possibilities for stress restoration are 
highlighted, as well as opportunities for learning, and for connecting and interacting with nature. 

In urban areas, mental distress, anxiety, and depression have been specifically linked to a lack of green 
space access (van den Berg, et al., 2010; Nutsford, Pearson, & Kingham, 2013). It has also been linked 
with premature death, in particular to increased mortality in cardiovascular diseases (van den Berg et 
al., 2015; Egorov et al., 2016). Such findings could partly be explained by reduced green space access 
leading to decreased opportunities for physical activity (Konijnendijk et al., 2013) and to restoration 
from high stress levels (Hartig et al., 2014). In a large observational study in England (n = 40,813,236), 
Mitchel & Popham (2008) showed that the link between premature mortality and a lack of green space 
access was strongest in the lowest income group. In the highest income group, the group with the 
lowest green space access had two times higher premature mortality, whereas in the lowest income 
group the corresponding group had four times higher premature mortality (ibid). Such results highlight 
the potential of using green spaces and infrastructures as a means to mitigate socioeconomically re-
lated health inequities, a perspective discussed in Papers III and IV in this thesis.  

2.2 Moving beyond the green/grey dichotomy 
Many reviews and meta-analyses (e.g. Egorov et al., 2016) seem to confirm causal relations at popu-
lation level between various positive health and wellbeing outcomes and access to natural environ-
ments and green spaces. However, there are also epidemiological studies that have failed to support 
such connections (Markevych et al., 2017). This might indicate differences in the potential of such 
environments to support human health and wellbeing, and that the green/grey dichotomy highlighted 
in many studies not always is a fine-tuned enough model from this perspective. For instance, around 
70–75% of urban green spaces globally consist of lawns, which are suggested to contribute to increas-
ingly uniform urban environments (Ignatieva 2010; Ignatieva et al., 2015).  

Qualitative differences may also exist between various urban/built environments as has been discussed 
by, e.g. Stigsdotter et al. (2017a). Sallis et al. (2016) found that in addition to the number of parks 
available, the population density, intersection density, and public transport density, were all positively 
related to physical activity in urban areas, across cultures. It is thus clear that both green and grey 
features can support health and wellbeing in various ways and that research is needed beyond this 
dichotomy, arguably until recently prevalent in the field.  
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Figure 1. Two different urban green spaces in the city of Malmö, Sweden, illustrating qualitative dif-
ferences that may affect their suitability to support different needs in the population. (Photos by the 
author). 

An underlying assumption in this thesis is that human health and wellbeing fundamentally depend on 
the multitude of relations that we develop throughout our lives. These include relations to the envi-
ronment that we perceive and interact with on a daily basis. In order to understand environments’ 
influence on health and wellbeing there is a need for a level of analysis dealing with such relations 
primarily depending on the perceived qualities of environments. In other terms, it is necessary with a 
level of analysis that deals with environmental aesthetics. The word aesthetic is derived from Greek 
aisthetikos, "of or for perception by the senses”, in turn from aisthanesthai, "to perceive” (by the 
senses or by the mind), “to feel". Ultimately it is traced to the Proto-Indo-European root au-, "to per-
ceive” (Harper, 2019).  

It is in this basic sense that the term is used throughout this thesis, referring to relational phenomena 
that includes all our sense modalities and deals with something broader than, e.g. perceived “beauty”, 
“pleasantness”, or similar, highly normative connotations of later origin. Rather, the focus here is on 
perceived qualities in a broader sense, as factors affecting our health and wellbeing through both emo-
tional and cognitive pathways, affecting our motivations, stress levels, and ultimately our sense of 
coherence and meaning in life.  
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3. Theoretical background 
Natural and green environments have a long history of being connected to health and wellbeing, dating 
back to ancient times. During the past 30-40 years evidence has been gathered suggesting various links 
between human-nature interaction and positive effects for health and wellbeing. Some of the main 
pathways and mechanisms that have been suggested are described in this section, giving a background 
to the theoretical approach employed in this thesis. 

3.1 Salutogenesis and health as a matter of balance 
WHO (2006) defines health as a state of “complete physical, mental, and social wellbeing”. Health 
has also been linked with the ability to adapt and manage physical, mental and social challenges 
throughout life. According to Antonovsky (1996) the relationship between health/wellbeing and dis-
ease/illness should be seen as a continuum rather than as a dichotomy. The term salutogenesis then 
describes an approach focusing on factors supporting a state of health and wellbeing, rather than on 
pathogenesis, i.e. factors causing disease or illness (ibid). Internal or external factors that push an 
individual towards the disease end of this continuum are termed stressors and factors that work in the 
opposite direction, pushing towards optimal health and wellbeing, are called salutogens. Human health 
and wellbeing is suggested to depend on the individual’s ability to cope with stressors and maintaining 
a sense of coherence and meaning in life (ibid.). What defines a stressor or a salutogen however may 
vary depending on individual needs. Too much or too little of anything stress our organism and chal-
lenge our health and wellbeing, which arguably ultimately depend on a balance between challenge and 
support.  

Besides well-documented benefits of e.g., physical exercise (e.g. Warburton & Bredin, 2017) as well 
as sufficient mental stimulation (e.g. Janssen et al., 2018), the importance of being exposed to micro-
organisms in order to achieve proper immune system function has been highlighted in the research 
(Hanski et al., 2012; Haahtela et al., 2013). The general need for moderate stressors of various kinds 
in order to maintain health and wellbeing throughout life has been expressed through the concept of 
hormesis (Mattson, 2007). Sometimes however, when our capacities to cope with stressors are low, 
we need to restore these capacities, reduce environmental stressors and lower our internal stress levels. 
Aesthetic factors in the environment might then play an important role in supporting the individual 
and aid in the restoration of such capacities. Safe, peaceful, and natural settings, in contrast to busy, 
challenging, and urban conditions, are suggested to generally be preferred when this is the case (Ulrich 
et al., 1991; Ottosson, 2007; Grahn et al, 2010). When our wellbeing and capacity to cope with life’s 
stressors is higher, we may instead find that livelier, more stimulating, or even challenging settings 
support our current needs better. Thus, with varying needs our motivations and valuations of specific 
environmental conditions change.  

3.2 Mitigating, restorative, and instorative pathways 
Markevych et al. (2017) suggest that beneficial effects on human health and wellbeing from natural 
environments and green spaces work through three main complementary pathways; 1) mitigation (“re-
duction of harm”, e.g. reducing exposure to air pollution, noise and heat, etc.), 2) restoration (“restor-
ing capacities”, e.g. attention restoration, physiological stress recovery, etc.), and 3) instoration 
(“building capacities”, e.g. encouraging physical activity, facilitating social cohesion, etc.). In the light 
of salutogenic theory, support for restorative and instorative pathways could be considered as funda-
mentally salutogenic strategies, i.e. strategies aimed at strengthening people’s sense of meaning and 
coherence in life and increasing individual capacities to cope with stressors. As such, they could com-
plement mitigating, or “pathogenic”, strategies that strive to mitigate or eliminate environmental 
stressors (Antonovsky, 1996; Becker, Glascoff, & Felts, 2010).  
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Arguably, salutogenic pathways in general could be seen as distinguished in comparison to most mit-
igating strategies in that they primarily depend on environment’s potential to support and encourage 
various behaviours and experiences. In other words, they seem to demand a psychological level of 
explanation in order to be properly understood and analysed. The salutogenic influence on health and 
wellbeing from green areas have been related to the amount of time spent there (Grahn & Stigsdotter, 
2003), making it important to identify factors that motivate and promote actual use. Accessibility, not 
the least through physical proximity, seems key in this regard and research has shown both the use 
rate and the time spent in urban green areas to decrease markedly already in the interval of 100–300 
meters away from the dwelling (ibid.; Nielsen & Hansen, 2006). In addition, the perceived biodiversity 
(Gyllin & Grahn, 2015) of green spaces has been identified as an important factor that affects visit 
rates (Sandifer, Sutton-Grier, & Ward, 2015; WHO, 2015). Such results stress the need for an aesthetic 
level of analysis in order to account for salutogenic effects. 

3.3 Nature as a salutogenic factor 
Human relations with nature have been the focus of much research from various perspectives and 
evidence suggest that people’s relations with the natural world can influence health and wellbeing 
through multiple pathways (see Russel et al., 2013). Perception and interaction with natural environ-
ments and features have been associated with both physical and mental health outcomes (e.g. Ulrich, 
1984; Nilsson et al., 2011; Haluza, Schönbauer, & Cervinka, 2014) as well as with cognitive functions 
(e.g. Kaplan, 1995; Ottosson & Grahn, 2005; Berman, Jonides & Kaplan, 2008). Stress-related aspects 
such as parasympathetic nervous system activity (Ulrich et al., 1991; Annerstedt et al. 2013), cortisol 
levels (Ward Thompson et al., 2012; Roe et al., 2013), blood pressure and heart rate (Ottosson & 
Grahn, 2005), etc., have been the focus of much research.  

Nature’s influence has also been studied in various kinds of rehabilitation contexts (e.g. Ottosson, 
2007; Adevi, 2012; Pálsdóttir, 2014) and nature-based rehabilitation for individuals with stress-related 
disorders has been performed in various settings, such as forests (Sonntag-Öström et al., 2014, 2015) 
and gardens (Pálsdóttir et al., 2018). Sahlin (2014) describes how a green setting could aid in shaping 
experiences of existential meaning, coherence, and acceptance. Natural and green environments have 
also been studied from a children’s perspective. Mårtensson et al. (2013) for instance investigated 
relations to physical activity among school children. Carrus et al. (2015) showed how contact with 
nature could positively influence both cognitive capacities and social behaviour among preschool chil-
dren.  

3.4 Possible mechanisms 
Although arguably impossible to ultimately define, some distinct features of “nature” and the natural 
world have been pointed out in relation to human perception and our common aesthetic preferences. 
The general tendency for natural phenomena to organize according to certain mathematical principles, 
arguably the foundation for the natural sciences, is often highlighted in this regard. A well-known 
example is a tendency for natural shapes and phenomena to organize in numbers and ratios found in 
the Fibonacci sequence, where the next number is calculated by adding the two previous numbers, i.e. 
0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, ... , a, b, …, and so on, where b/a converge towards the irrational 
number φ (phi), popularly known as the “golden ratio”.  

A similar, mathematically oriented example is the common tendency of natural shapes and patterns, 
such as those of, e.g. trees, clouds, and coastlines, to exhibit the kind of “roughness”, self-repetition, 
and complexity described by fractal geometry (Mandelbrot, 1983). Fractal shapes have been investi-
gated in empirical studies from various aesthetical perspectives, including relations to landscape pref-
erences (Hägerhäll, Purcell, & Taylor, 2004). Arguably, nature’s fractal tendencies could be contrasted 
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with the relatively simpler and more “Euclidian” geometry that characterises much of human design 
(Figure 2).  

Figure 2. Fractal tendencies in many natural features and phenomena (left) in contrast to the simpler 
geometrical shapes expressed in many human creations (right). (Photos by the author). 

Most commonly however, effects on health and wellbeing from natural environments and green fea-
tures are explained with theories related to the Biophilia-hypothesis (Wilson, 1984; Ulrich, 1993); the 
idea that humans tend to respond in favour to environmental characteristics that have been beneficial 
to our survival and wellbeing during evolution. There are two such dominating theories in the field, 
that both adopt an evolutionary stance when explaining two complementary restorative pathways sup-
ported by natural environments and stimuli. 

The Stress Reduction Theory (SRT; Ulrich, 1986; Ulrich et al., 1991), also sometimes referred to as 
the aesthetic-affective theory or the psycho-evolutionary theory, focuses on restoration from psycho-
physiological stress. It holds that autonomic, affective responses, to a large degree dependent on com-
mon evolutionary traits, are important for how we respond to different environments. Responses of 
approach or avoidance depend on how environmental perceptions are interpreted and valuated in re-
gard to survival and wellbeing, much in line with the evolutionary approach to motivation and valua-
tion suggested by Mercado-Doménech et al. (2017). Evolutionary favourable environmental condi-
tions are suggested to trigger stress-reducing responses whereas threatening or adverse conditions in-
stead induce stress (Ulrich et al., 1991). In general, urban environments and stimuli are suggested to 
be more stressful and less restorative than such natural settings (ibid).  

In accordance with Orians (1986), Ulrich (1986) suggests that our genetic configuration explains a 
preference for savanna-like environments, consisting of layered vegetation with a mix of trees, grasses, 
and shrubs, preferably also with visible water features. Support for prospect and refuge, i.e. opportu-
nities for sheltered outlooks as proposed by Appleton (1975), might also be an important aspect of 
such environments. Empirical evidence in support of this “savanna hypothesis” as a universal model 
for human landscape preferences has been reported by Falk & Balling (2010).  

The Attention Restoration Theory (ART; Kaplan & Kaplan, 1989; Kaplan, 1995) shares with SRT the 
basic idea that evolutionary traits play an important role in how humans perceive and react to environ-
ments. Instead of autonomic stress reactions however, ART focuses on our capacities for attention, 
where it distinguishes between two basic kinds: directed attention and fascination. This division might 
have its neurological basis in the asymmetries and operational differences between the left and the 
right brain hemispheres described by McGilchrist (2010), who suggests that the left hemisphere attend 
to the world in a primarily directed and linear fashion, whereas the right hemisphere is more holistic 
in its approach. ART further suggests that our capacities for directed attention are prone to fatigue 
(Kaplan, 1995). Typically the use of executive functions, such as planning and problem solving, as 
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well as many modern world conditions with an abundance of signals, information, noise, etc., will 
require the activation of our directed attention and will thus with time cause exhaustion (Kaplan, 1995; 
Kaplan & Berman, 2010). Circumstances that instead allow our capacities for directed attention to rest 
can aid in restoring its capacities.  

In order for such restoration to occur, ART suggest that the environment should 1) offer a sense of 
being away from the everyday environment, 2) give a sense of extent, of an uninterrupted, coherent 
world in itself, 3) offer opportunities for fascination, which according to ART typically is provided in 
natural settings, and 4) be compatible with individual needs and abilities (Kaplan & Kaplan, 1989). 
These factors have since been operationalized through the Perceived Restorativeness Scale, which in 
its original form consists of 26 items for environmental assessments (Hartig et al., 1997). Various 
authors have since proposed shorter versions, such as an 8-item version used by Berto (2005) when 
producing experimental support for the ART. This does not mean however that the basic restorative 
factors originally proposed by Kaplan & Kaplan (1989) cover all aspects of ecological relevance and 
salutogenic importance for humans from green spaces or natural environments. Other research has 
been aimed at revealing which perceived factors of such environments that generally are experienced 
as most relevant to people, during the course of daily life.  

3.5 Perceived sensory dimensions: an ecological approach 
Psychologist James Gibson (1979) argued that animals primarily perceive features in the environment 
in relation to their needs and abilities as possibilities for accordingly relevant behaviours. This has 
become known as the ecological approach to perception. He suggested the noun affordance to denote 
a perceivable and utilizable possibility in the environment for such a relevant behaviour (ibid.). In 
accordance with the embodied approach presented by Chemero (2003, 2009), in large an elaboration 
on Gibson’s work, affordances are here fundamentally seen as dynamic relations between the individ-
ual and the environment. As such, they are situation-dependent and shaped between individual needs 
and characteristics, social factors, and physical environmental conditions. This indicates a general im-
portance to account for the broader socio-material context in order to understand how affordances are 
shaped and utilized in people’s daily lives. For instance, the perceived safety in the neighbourhood 
might be an important factor shaping the perception and utilization of green space affordances, as 
shown through epidemiological research conducted by Weimann et al. (2017). Previous studies have 
applied the affordance concept to investigate how outdoor environments can afford, e.g. physical ac-
tivity (Cosco, 2006) and play behaviours (e.g. Heft, 1988; Zamani & Moore, 2013) among children.  

The supportive environment theory (SET; Grahn et al., 2010) represents an ecological approach to 
account for salutogenic influence from green or natural environments. It acknowledges the basic 
mechanisms and pathways suggested by SRT and ART, but with an emphasis on people’s embodied 
relations with the environment, including affordances for certain aesthetic qualities, the perceived sen-
sory dimensions (PSDs; Grahn & Stigsdotter, 2010). These qualities have been revealed through fac-
torial analyses in several studies asking people about their main needs, motivations and wanted expe-
riences in relation to visits to urban green spaces and natural areas (Grahn & Sorte, 1985; Berggren-
Bärring & Grahn, 1995a; Grahn & Stigsdotter, 2010; Adevi & Grahn, 2012). Based on people’s re-
ported needs in relation to such environments in their daily lives, and not on, e.g. image preference 
studies, they may be regarded as valid in terms of ecological relevance. Grahn and Stigsdotter (2010) 
interpret and term them as follows: 1) Nature; fascination with the natural world, 2) Culture; cultiva-
tion and traces of human efforts, 3) Prospect; views, vistas, and stays, 4) Social; people, movement, 
and social interactions, 5) Space; a sense of a coherent world in itself, 6) Rich in species; a large variety 
of plants and animals, 7) Refuge; a protected and safe place, and 8) Serene; peace and freedom from 
disturbances, The PSDs are summarized in Table 1.  
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Table 1. Eight perceived sensory dimensions (following Grahn and Stigsdotter, 2010).  
PSD The environment affords experiences associated with…  

1. Nature Fascinating, wild nature, developed on its own terms 

2. Culture Human cultivation, historical heritage, the passage of time 

3. Prospect Open areas, sceneries, views, and vistas 

4. Social  Social interactions and activities 

5. Space A spacious whole, a cohesive world in itself  

6. Rich in species A diversity of species of plants and animals 

7. Refuge Private hideaways, safe shelters 

8. Serene Peace and rest, free from disturbances, sounds of nature 

 
Studies show (e.g. de Jong et al., 2011, 2012; Stoltz et al., 2013, as well as Papers I and II in this 
thesis) high agreement among people to which degree an environment supports a PSD quality, making 
them suitable for reliable evaluations. Such general agreement may be important in the context of 
design and planning of public environments such as urban green spaces where individual tailoring is 
not applicable. It may also be considered as in line with the idea that humans share certain tendencies 
regarding environmental preferences due to common evolutionary traits. A key assertion of SET how-
ever, is that the valuation and preference of each quality vary with changing needs, depending on such 
things as stress levels and cognitive capacities (e.g. Grahn et al., 2010; Stigsdotter et al., 2017b; 
Pálsdóttir et al., 2018). The PSD qualities may thus be considered as relatively stable characteristics 
in the environment regarding their general support, while their valuation – and thus actualization as 
perceived affordances – will vary depending on individual needs. This makes them suitable as a gen-
eral framework through which aesthetic qualities of salutogenic importance may be considered for 
purposes of design, planning and evaluation of, e.g. public environments. 

Applications of the PSD framework in research design, and planning 
The PSD framework has been employed to various extents in planning processes in several munici-
palities, including Copenhagen (Caspersen & Olafsen, 2006) and Stockholm (e.g. Lundh Malmros, & 
Tönnerfors, 2001; Johansson, Kollberg, & Bergström, 2009). In addition, full-scale experimental case 
sites have been built with the PSDs as guiding design principles, including the the Alnarp Rehabilita-
tion Garden, Alnarp, Sweden (Grahn et al., 2010; Tenngart Ivarsson & Grahn, 2012; Pálsdóttir et al., 
2018), the Nacadia garden, in Gothenburg, Sweden (Sidenius et al., 2015), and the Octovia park in 
Copenhagen, Denmark (Stigsdotter et al., 2017b). In such environments affordances for the PSDs have 
been investigated in relation to processes of rehabilitation from, e.g. stroke, and restoration from stress 
and attention fatigue. 

Pálsdóttir et al. (2018) investigated which qualities that were considered as the most restorative in a 
rehabilitation garden environment. The results showed that the PSDs Serene, Space, Refuge and Na-
ture were rated highest in this regard, in line with other similar studies (e.g. Stigsdotter et al., 2017b). 
The Social dimension on the other hand is generally considered as the least restorative (e.g. Grahn et 
al., 2010; Pálsdóttir et al., 2018; Stigsdotter et al., 2017b). This indicates that salutogenic design and 
planning should consider the need for variation in terms of PSDs in order to satisfy different needs in 
the population.  
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The idea that health and wellbeing outcomes to some degree might depend on affordances for the 
PSDs in the close-by living environment has also been investigated in epidemiological studies. Björk 
et al. (2008) found an association with the number of PSDs reported as supported in the neighbourhood 
green spaces and reported neighbourhood satisfaction. The opposite relation was found regarding body 
mass index (BMI; ibid). These effects were most pronounced among tenants as compared to house-
owners, indicating the potential importance of own gardens to provide environmental support for basic 
aesthetic needs. De Jong et al. (2012) found an association with increased physical activity and the 
number of PSDs in the neighbourhood green spaces. All these results also considered individual char-
acteristics such as age, sex, educational level, and income, suggesting that the observed effects indeed 
were due to properties in the close-by physical environment.  

In line with such findings, Stigsdotter et al. (2017b) suggest that the PSDs could be considered as valid 
for use as guiding principles in the design and evaluation of supportive outdoor environments. This 
thesis employs the PSD framework as both its underlying theoretical and methodological approach, 
and in some sense also as its object of study. 
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4. Methods: operationalizing and mapping the PSDs 
For planning, design, or research purposes it is necessary to find ways to operationalize and to meas-
ure/estimate the PSDs, to evaluate their support in various environments, map them, and make them 
accessible for, e.g. statistical analyses. Defined as aesthetic qualities rather than as specific physical 
features, they cannot however be reduced once and for all to a simple set of physically defined param-
eters. Rather, they will be operationalized and estimated differently depending on context, purpose, 
and available resources. Their perceived support in a given environment may be reliably evaluated 
through carefully chosen statements, such as those shown in Table 2. Such statements have been in-
cluded in several large-scale geocoded public health surveys, offering the possibility to employ the 
PSDs as a factor in epidemiological studies with high statistical power. This has been done by e.g., 
Björk et al. (2008), de Jong et al. (2011, 2012), as well as in Paper II in this thesis.  

Similar statements may also be used for in-field group assessments, as done by Stoltz et al. (2013), as 
well as in Paper I in this thesis. Stoltz et al. (2013) compared results of group evaluations with assess-
ments retrieved from a cross-sectional geocoded public health survey (n=1.605, 18-80 years) with high 
overall agreement. This indicates that such group assessments may be representative also when com-
pared to large-scale survey samples, supporting the high reliability of such statements for the evalua-
tion of the PSDs. Taken together, results (e.g. Björk et al., 2008; de Jong et al., 2011, 2012; Stoltz et 
al., 2013) indicate the overall reliability as well as the validity and salutogenic relevance of such eval-
uations. This makes the PSD framework interesting for large-scale evaluations of the salutogenic po-
tential in various environments.  

Table 2. Statements for the evaluation of each PSD, similar to those used in public health surveys and 
for field assessments in previous studies and in the present thesis. 

PSD  “The environment affords… 

Nature …wild and fascinating nature” 

Culture …traces of human efforts and culture” 

Prospect …views and vistas, open spaces suitable for, e.g. play or picnic” 

Social  …social meeting places, people in motion” 

Space …a large cohesive space, separated from the surrounding world” 

Rich in species …a large variety of animal and plant species” 

Refuge …a safe and sheltered place for relaxation or children’s play” 

Serene …peace and serenity, a place free from disturbances” 

 
The PSDs may also be operationalized and estimated in a given context as the presence of certain 
specific environmental features. Each such operationalizing can be seen as a contextualized interpre-
tation and estimation of the potential for the PSD in a given environment, context, and scale. It should 
thus not be regarded as a once-and-for-all definition of the quality that may be immediately transfera-
ble to other contexts.  

  



19  

All in all, four main approaches for the spatial representation and estimation of the PSDs can be iden-
tified in past projects and studies: 

A. In-field group evaluations (e.g. Stoltz et al., 2013 and Paper I in this thesis). 
B. Desk evaluation of context-dependent proxy parameters without field assessments (e.g. 

Skärbäck et al., 2012 and Paper IV in this thesis). 
C. Statistical identification of context-specific proxy parameters through analyses against field 

evaluations or geocoded perceptions (e.g. Stoltz et al., 2012, Papers I and IV in this thesis). 
D. Spatial aggregations of large numbers of geocoded perceptions (e.g. de Jong et al., 2011, 

2012, and Paper II in this thesis).  

Here follow three examples of how the PSD Serene has been estimated and mapped in different con-
texts and at different scales following approaches A, B, and C described above. Starting with approach 
A, Figure 3 below shows the PSD Serene in the urban/semi-urban area of Kristianstad, southern Swe-
den, as per group assessments conducted by Stoltz et al. (2013).  

 

 
 
Figure 3. The PSD Serene in the urban/semi-urban area of Kristianstad, southern Sweden, as per 
group assessments conducted by Stoltz et al. (2013), following approach A (in-field group evalua-
tions).  
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Figure 4. The PSD Serene estimated and mapped at a landscape level in the Scania county, southern 
Sweden, using approach B (desk evaluation of context-dependent proxy parameters; see Skärbäck et 
al., 2009, 2012, and Paper IV in this thesis). Blue is considered serene.  

 

 

Figure 5. Estimated support for the Serene PSD in the city of Malmö, southern Sweden, mapped using 
approach C (statistical identification of context-specific proxy parameters; Stoltz et al., 2012 and Pa-
per IV). 
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Figure 4 shows the PSD Serene estimated and mapped in the Scania county, southern Sweden, using 
approach B; desk evaluation of different available GIS-parameter such as land use types, protected 
qualities, noise levels (here <30 dB(A)), etc. In this map blue/dark regions are considered Serene (see 
Skärbäck, et al., 2009, 2012, or Paper IV). Figure 5 finally, shows estimated support for the Serene 
PSD in the city of Malmö, southern Sweden, mapped following approach C using a mixed set of GIS-
parameters available from the municipality. A darker blue shade indicates a stronger correlation of the 
specific parameter with reported serenity, identified through regression analysis with geocoded per-
ceptions from a cross-sectional public health survey (n=2.946, 18-80 years; see Stoltz et al., 2012, or 
Paper IV in this thesis). 

In this thesis, Paper I could be seen as employing a mix between approaches A (in-field group assess-
ments) and C (statistical identification of context-specific proxy parameters) where approach A was 
used in order to aid approach C. In Paper II approach D (spatial aggregations of geocoded perceptions) 
was employed in order to perform large-scale epidemiological analyses. Paper III could to some degree 
be seen as employing a “soft” version of approach B (desk evaluation of context-dependent proxy 
parameters) in that it considers hypothetical support of each PSD through the presence of certain spe-
cific environmental features. Paper IV finally, employs approaches B and C in order to estimate and 
illustrate the distribution of the PSD Serene in urban and rural contexts.  
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5. Thesis rationale: A universal, human-centred  
approach to evidence-based design  
In order to move beyond the green/grey dichotomy as a model for aesthetically driven salutogenic 
effects, this thesis attempts to apply a universal, human-centred approach to environmental design and 
planning. In the shaping of public environments such as, e.g. urban green spaces, tailoring to the needs 
of specific users is usually not applicable. Instead, such environments need to be shaped in a way that 
meets the needs of as many people as possible. Universal design (see e.g. Story, Mueller, & Mace, 
1998) describes an approach advocating environmental design to take the needs of as many users as 
possible into account, to come up with universal solutions that can meet them all. In this thesis, a 
universal approach implies an attempt to focus on common denominators in the population, rather than 
on all the individual and cultural differences that undoubtedly also exist. 
With roots in ergonomics and computer science, the human-centred approach to design was made 
popular in large through writings such as "The Design of Everyday Things" by Don Norman (first 
released in 1988, revised edition 2013). This brought the ecological approach (Gibson, 1979; Chem-
ero, 2009) to perception, cognition, and behaviour into design thinking, emphasizing the role and im-
portance of affordances and user experiences in successful design. In the international standard ISO 
9241-210, “Ergonomics of human-centred system interaction”, human-centred design is defined from 
an interactive systems perspective, highlighting such things as user involvement, user experiences, 
multi-disciplinarity, and iterative processes.  

Krippendorff (2004) defines a human-centred approach to design and research through his proposition 
that “Humans do not respond to the physical qualities of things but to what they mean to them”. He 
suggests that successful design need to focus on questions of motivations, needs, meaning, and expe-
riences before identifying specific means of physical implementation. This approach is often con-
trasted to object-oriented or technology-driven approaches, primarily focusing on the design of tangi-
ble artefacts and on technological possibilities and limitations, rather than on user's intrinsic motiva-
tions in terms of needs, experiences, and meaning.  

5.1 The need for theoretical tools in evidence-based design  
Evidence-based design is described by Hamilton & Watkins (2009) as "a process for the conscientious, 
explicit, and judicious use of current best evidence from research and practice in making critical deci-
sions, together with an informed client, about the design of each individual and unique project". In 
order to support a universal, human-centred approach to the design and planning of, e.g. urban green 
spaces, evidence would have to be built around an identification of general needs and demands in the 
population regarding meaningful experiences in relation to such environments. The incorporation of 
such evidence in design processes is not a trivial task however. Since the available evidence rarely 
matches exactly with the context or conditions of a new design problem some kind of translation is 
needed in order to turn available evidence into concrete solutions in new projects.  

Hamilton & Watkins (2009) highlights the importance of critical thinking by the designer in evidence-
based design processes. Others (e.g. Elf et al., 2014; Bengtsson, 2015) suggest that evidence could be 
used as a basis for dialogue between designers and involved partners in each new scenario, advocating 
participatory processes to aid salutogenic outcomes. I agree with these suggestions, but would also 
highlight the need for an intermediary step in-between the acquisition of evidence and the process of 
tackling a novel design problem, at which research findings are abstracted into more general principles 
and integrated into coherent theoretical models. The goal here should be to reach an understanding at 
a level of analysis that ensures validity while simultaneously facilitates translational processes, i.e. 
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aids the translation of knowledge into new contexts and design scenarios. Such frameworks or models 
would also be important in order to gain a scientific understanding of the involved mechanisms, and 
to facilitate learning and communication in, e.g. trans- and interdisciplinary research settings. The 
integration of evidence in participatory design and planning processes would possibly be enhanced if 
evidence could be available and communicated through such evidence-based conceptual models, so 
that involved partners could share a common understanding and use it as a reference for decisions 
along the way of a design process. 

I would then suggest that evidence-based design could be described as an iterative process involving 
four basic steps (Figure 6), that each requires to be developed. 

 

Figure 6. A suggested model for evidence-based design as an iterative process with four basic steps. 

Step 1, Environmental evaluation, deals with the collection of environmental data that could include 
information on physical characteristics as well as perceptions in a given environment. This could be 
done through, e.g. field evaluations, survey studies, GIS-approaches, etc.  

Step 2, Evidence and validation, might involve the identification of needs and demands in a popula-
tion/user group, as well as the use of environmental data gathered in Step 1 in scientific studies to try 
to establish links between perceived or objective environmental conditions to specific health and well-
being outcomes. This could be done through, e.g. epidemiological studies or comparative studies in 
controlled settings.  

Step 3, Theoretical development, represents a process in which the found evidence is interpreted and 
abstracted into a coherent theoretical framework. This would serve two main purposes: 1) to produce 
valid theories at the right explanatory level to help explain (and thus possibly predict) various health 
and wellbeing outcomes and to suggest the relevant categories to guide environmental evaluations, 
and 2) to aid successful environmental management, planning and design decision making, thus facil-
itating the generation and maintenance of environments in support of human health and wellbeing. 
This thesis adopts the described PSD framework as a starting point for such a conceptual tool. It is 
chosen as a promising, evidence-based model to support a universal, human-centred approach to en-
vironmental design and planning from a salutogenic perspective. 

Step 4, Design and implementation, would then be the application and use of the evidence-based 
model to guide and inspire novel design proposals, planning decisions, and management strategies, as 
well as bringing about their physical realization.  
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5.2 Aim of thesis and included papers 
The overall aim of this thesis is to investigate the PSD framework from the perspective of each of the 
four basic steps of evidence-based design suggested above. That is, to try it out as a tool to perform 
environmental evaluations, to investigate links between such evaluations and a specific health and 
wellbeing outcome, to apply it in relation to design, planning, and management decisions, and finally, 
to come up with some suggestions for its further theoretical development. This is done through the 
presentation of four papers, followed by a discussion/synthesis section. The main research questions 
considered in each included paper were as follows:  

• Paper I: Which are the most important typically available forest stand data parameters ac-
counting for restorative PSD qualities and the overall restorative potential of forest stands?  

• Paper II: How do support for the PSDs in neighbourhood green spaces relate to noise annoy-
ance at given noise levels at home? Is the relation robust to whether independent estimates or 
self-reports of the PSDs are used?  

• Paper III: How could edible forest gardens based on agroecological principles support urban 
sustainability, including human health and wellbeing through support for the different PSDs?  

• Paper IV: How can the PSD framework be used as a tool to analyse and mitigate socioeco-
nomic health inequalities? 
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6. Results and paper summaries 
The included papers roughly cover the four suggested aspects of evidence-based design as illustrated 
in Figure 7 below. In reality though, there are no sharp boarders and all aspects could be seen as 
represented in all papers to some degree.  

Paper I emphasise the Environmental evaluation aspect of the model and investigates how different 
physical parameters of forest stands correlates with evaluations of perceived qualities of importance 
for stress restoration. This research was carried out in order to create an index to be used in forestry 
planning scenarios.  

Paper II focuses on Evidence and validation, on linking the PSDs to a salutogenic outcome. In this 
case, the possible mitigation of traffic noise annoyance is investigated. The paper also investigates 
potential differences in the measured outcome when using self-reports of the PSDs from within the 
study cohort as compared to when using independently retrieved, and presumably more objective, 
estimates of these same qualities.  

 

Figure 7. How different parts of the thesis emphasise and develop different aspects of evidence-based 
design using the PSD framework.  

Paper III on the other hand is primarily concerned with employing the PSD framework as a tool for 
environmental Design and implementation, and exemplifies how it could be interpreted and realized 
in a specific context. The paper uses the framework to analyse a specific design and management 
regime of urban green spaces, the edible forest garden, from various salutogenic and sustainability 
perspectives.  

Paper IV in turn discusses the PSDs as a tool for urban planning from a socioeconomic perspective, 
highlighting the design and implementation aspect, while also relying on different methods for evalu-
ation and estimation of the PSDs in different environments. The Theoretical development is then 
mainly saved for the Discussion and synthesis section of the thesis. Table 3 gives an overview of the 
four included papers, their respective main purpose, context, methods, and the type of data used. 
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Table 3. Summary table for the papers included in the thesis. The PSD framework is employed in 
each paper but in different contexts, using different methods, and emphasizing different aspects of 
evidence-based environmental design and planning. 

 Paper I Paper II Paper III Paper IV 

Purpose Identify the most 
important physi-
cal parameters to 
account for the 
restorative poten-
tial of forest 
stands to aid fu-
ture planning sce-
narios 

Identify impact 
from perceived 
qualities in the 
neighbourhood 
green spaces on 
noise annoyance 
at home 

Investigate multi-
ple potential sus-
tainability benefits 
of edible forest 
gardens as a de-
sign and manage-
ment strategy for 
urban green 
spaces 

To discuss per-
ceived qualities in 
urban environ-
ments from a soci-
oeconomic equity 
perspective 

Context Production for-
ests 

Urban habitats Urban green 
spaces 

Urban habitats 

Method Statistical anal-
yses with forest 
stand parameters 
and field assess-
ments of per-
ceived restorative 
potential and 
PSDs 

Statistical anal-
yses using public 
health survey 
data, modelled 
noise, and area-
aggregated per-
ceptions of PSDs 

Conceptual analy-
sis, including an 
analysis of the po-
tential support of 
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6.1 Summary of Paper I: Describing stress-reducing qualities of 
forest stands using available forest stand data 
This paper emphasizes the first step in the suggested model for evidence-based design (Figure 6), 
focusing on environmental evaluations. Research has suggested that forest environments can contrib-
ute to lower stress levels and forest interventions have been used to treat patients with stress-related 
mental disorders. Walking in a forest has also been found to improve immune system functioning. 
Since a large part of Sweden’s area is covered by forest such environments are interesting to explore 
for health promotion and intervention purposes.  

To be able to take the restorative potential of forest stands into account in planning scenarios and 
management strategies it is important to identify which physical properties in particular that offers 
visitors the qualities most commonly associated with stress restoration. It would furthermore be useful 
if forest stand data typically already collected by forest owners, such as, e.g. tree age, tree species, or 
soil type, could be used for this purpose. In this study, forest stands in northern, central, and southern 
Sweden were visited and assessed regarding their restorative potential using an evaluation protocol 
based on the PSD framework. These assessments were analysed together with the available forest 
stand data for each region.  

The results of the study indicate that, of the available forest stand data parameters, the most important 
individual indicators of forest stands’ restorative qualities were tree age, tree height, and tree sparsity 
– i.e. that the forest environment is spacious and not too dense. Models based on only these three 
parameters could explain an estimated 30-40% of the assessed restorative potential. Thus, although 
far from a complete model, these parameters alone could still be useful as proxies for restorative po-
tential in planning and modelling scenarios.  

A follow-up study to identify trade-offs between maintaining a high wood production and reserving 
forest stands as sites for stress restoration were made employing these results in modelled forest plan-
ning scenarios (Nordström et al., 2015). It suggested that quite large areas of restorative forest, 10–15 
% of the total forest area, could be maintained at a relatively small economic loss, ca. 2 % of maximum 
net present value of wood production. Tree age and spatial variables such as distance to roads and 
water seemed to be the most limiting factors in this regard (ibid.).  

Future studies, considering a wider array of forest stand variables, and also focusing on other saluto-
genic factors such as, e.g. demands for perceived biodiversity, a sense of connectedness with nature, 
foraging, physical activity, etc., would be interesting to see. Also, the inclusion of spatial aspects such 
as how different stands could be planned to form varied walking paths, with support for different 
PSDs, could be valuable. It would also be interesting to include other sustainability aspects such as, 
e.g. biodiversity and climate change in the models to explore potential trade-offs or synergies. This 
could create a foundation from which different scenarios could be estimated taking multiple factors 
into account. A newly launched research project (https://www.biodiversa.org/1614) expands on the 
present study in an attempt to tackle many of these multiple issues within a unified approach.  
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6.2 Summary of Paper II: Contradictory results between  
self-reports and independent estimates of neighbourhood green 
space quality in a cross-sectional study on noise annoyance 
This paper emphasizes the second step in the proposed model for evidence-based design (Figure 6), 
focusing on linking environmental evaluations of PSDs with a specific health and wellbeing outcome. 
It investigates relations between two kinds of assessments of PSDs in neighbourhood green spaces 
with reported disturbances from road traffic noise at home. Previous research suggests access to such 
things as green areas, visible greenery, and quiet courtyards to have a mitigating effect on road traffic 
noise annoyance.  

The aim of this study was to test if support for the PSDs in close-by green spaces could be associated 
with such mitigating effects. The paper employs cross-sectional public health survey data from 7,065 
individuals, including information about disturbances from road traffic noise at home and individual 
perceptions of PSDs in the neighbourhood green spaces. In order to investigate potential single-source 
bias of the results, the presence of these qualities in the neighbourhood was also estimated by area-
aggregating individual perceptions from an independent survey sample into 1-km2 squares (following 
Approach (3) for operationalizing the PSDs, described in section 6.1).  

When using self-reports from within the study cohort analyses indicate that a larger number of PSDs 
in the neighbourhood indeed seem to offer a mitigating effect on annoyance at given noise levels. 
However, when using the independently estimated measure results instead suggest that individuals 
with more qualities in the surrounding green spaces were more – not less – annoyed by road traffic 
noise, especially at higher noise levels (above 50dB(A) (LAEQ24)). The statistical analyses revealed 
a strong correlation between self-reported and independently estimated green space qualities, indicat-
ing the overall validity of the latter measure. The seemingly contradictory results between these two 
measures then suggests that the negative correlation between annoyance and self-reported qualities 
actually is due to annoyance affecting how the environment is perceived and evaluated in terms of its 
aesthetic qualities, rather than these qualities exerting a mitigating effect on annoyance. This is a result 
in contradiction to what has been suggested by previous studies.  

In addition, it seems that a neighbourhood environment with high quality green spaces actually might 
induce increased annoyance at noise levels above 50dB(A) (LAEQ24). A possible explanation for this 
might be that road traffic noise stands out in more contrast in such environments creating a dissonance 
between expected and actual environmental conditions. These results indicate the importance of using 
independent estimates of aesthetic qualities such as the PSDs and not solely rely on self-reports from 
within the study cohort in similar studies, as results might differ between these two kinds of measures. 
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6.3 Summary of Paper III: Multiple benefits with edible forest gar-
dens in urban green spaces 
This paper is a conceptual analysis, focusing on the design and implementation part of the evidence-
based design process (Figure 6). It investigates the edible forest garden, based on agroecological prin-
ciples as a model for urban green space design and management. In addition to potential contributions 
of importance for ecological sustainability and biodiversity, the paper argues that such use of urban 
green areas potentially could support salutogenic effects by strengthening the presence of the PSDs in 
people’s close-by living environment.  

Edible forest gardens have emerged as one of the most promising models regarding ecologically sus-
tainable food production. Globally, lawns dominate urban green spaces, which have been suggested 
to create increasingly monotonous urban landscapes. Compared with traditional lawns, edible forest 
gardens seems promising in supporting PSDs such as Nature, Rich in species, and Refuge; dimensions 
that have been described as important to support restorative processes. When large enough and mature 
they could provide habitats attracting, e.g. singing birds and insects, as well as potentially reduce en-
vironmental noise that could reinforce affordances for the Serene PSD.  

Mimicking natural ecosystems of young woodlands, the mature edible forest garden could also provide 
support for the PSD Nature: trees and plants with interesting shapes, a sense of nature’s power to grow 
and create through the passing of time, etc. Edible forest gardens could also support the Rich in species 
PSD through their typically high biodiversity; usually 100+ plant species, most of them edibles. In 
addition, the forest garden environment could attract various animals through the different habitats 
created by the various plants and its layered structure could further reinforce this PSD.  

The Space PSD might be reinforced through the layered structure the forest garden, adding to a sense 
of spaciousness, of entering into “another world”. An entrance gate could perhaps further strengthen 
the affordance for this PSD. It would however be important for the forest garden to be large enough 
in order to fully support this quality. The Refuge PSD could be reinforced through the layered vege-
tation structure of the forest garden with trees and shrubs of various heights mixed with more open 
parts creating possibilities to find a sheltered hideaway. A gate to the garden may further strengthen 
affordances for this PSD, allowing for a sense of shelter and privacy.  

A highly cultivated environment, the edible forest garden could naturally also support the Culture PSD 
in various ways. Crops could be chosen that relate to cultural heritage, and with time a growing sense 
of appreciation for the history of the place and the human labour put into the garden might grow, 
strengthen support for this PSD. When realized as community gardens in public green spaces close to 
dwellings, the edible forest gardens could also support affordances for the Social PSD. Opportunities 
for learning, workshops, gardening activities, etc. in forest garden environments have previously been 
highlighted in the literature. It is important however to note that increasing the support for the Social 
PSD might decrease qualities associated with stress restoration, creating the need to find the required 
balance in how the garden is promoted and used. The potential to mitigate health and wellbeing ineq-
uities make edible forest gardens extra interesting to implement in socioeconomically challenged ar-
eas.  
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6.4 Summary of Paper IV: The PSD framework as a tool to  
analyse and mitigate socioeconomic health inequities  
This paper presents two studies focusing on the urban area of Malmö, Sweden. The same criteria as in 
a previous study of semi-urban and rural areas in the Scania region of southern Sweden (Björk et al., 
2008) were used to evaluate the presence of the PSDs in people’s close-by neighbourhood environ-
ment. These were however analysed in relation to other kinds of data than in the previous study. In 
both cases respondents report being more satisfied with their neighbourhood environment the more 
PSDs that are perceived as present. Less than half of the apartment-dwelling respondents in the Malmö 
urban area were reporting as satisfied with their neighbourhood environment if less than four PSDs 
were available within 300 m. Even with few qualities close by, people living in their own houses are 
generally more satisfied with their neighbourhood than tenants (70 % or more irrespective of area 
type).  

A relatively high agreement between the two studies, despite the fact that they represent different kinds 
of landscape (semi-urban and rural vs. urban) and different scales (region vs. municipality), supports 
the validity of the PSD framework as a tool for assessing salutogenic qualities of neighbourhood land-
scapes. In addition, the results from the Malmö studies were also related to average household income 
and a possible association between accessibility to serene areas and household income was observed. 
Such findings suggest that creating support for additional green space qualities in low-income areas 
could be a tool to remedy socioeconomic health and wellbeing inequities, as were also discussed in 
Paper III.  

An overall comparison between estimations of the PSD Serene (see Figure 5), general green space 
access, noise levels, and overall income distribution, reveal quite clear differences between different 
parts of the city. The western/central part of the city not only has the highest incomes, but also the best 
park availability, modest noise problems, and high perceived serenity, whereas the eastern/central part 
is generally poorer, lacking in parks, and also suffers from higher noise levels with lower perceived 
access to serene areas in the neighbourhood.  

Similar observations have since been paralleled by others, in different parts of the world. For instance, 
in a study by Nesbitt et al. (2019) who found a strong positive correlation between urban vegetation, 
higher education and income levels across several investigated cities in the US. Green inequities were 
found across all investigated cities and vegetation types, although lawns were generally more equitably 
distributed than mixed and woody vegetation. Moreover, education and income were generally most 
strongly associated with the green distribution pattern, with some variation depending on context.  

Overall, the analyses presented here together with such other similar results, highlight the importance 
of different kinds of green measures in order to account for and potentially mitigate environmental 
inequities. Our results here also support that the PSD framework could provide a relevant level of 
analysis, which might be used to inform design and planning decisions, as well as guide environmental 
assessments, from the perspective of such environmental justice. 
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7. Synthesis and discussion 
The overall aim of this thesis has been to investigate and further develop the PSD framework as a tool 
for evidence-based environmental design and planning from a salutogenic perspective. An iterative 
model for evidence-based design was proposed consisting of four basic steps (Figure 6) which the 
included papers emphasise to different degrees (Figure 7). However, they do not on their own contrib-
ute much for the further theoretical development of the framework. Therefore, this section will put an 
extra emphasis on this important step and discuss some possibilities for such development.  

As described above, the PSDs have been revealed through factorial analyses in several studies (e.g. 
Grahn & Sorte, 1985; Berggren-Bärring & Grahn, 1995a; Grahn & Stigsdotter, 2010; Adevi & Grahn, 
2012). This approach inevitably demands an interpretation of each revealed factor in order to make 
sense out of it, to sort away what might be noise in the data and extract some kind of general principle 
or essential idea underlying each factor. Hence, definitions and interpretations of each PSD have var-
ied across different reports and studies over the years. As a consequence, it was noted early on in the 
project that interpretations of the PSDs varied somewhat among researchers and practitioners in the 
field. In addition, the PSD concept as such also seemed to be subject for some confusion and varying 
interpretations.  

7.1 The PSD concept 
In an essay on urban design, Rowley (1994) cites architect Patrick Nuttgens, noting that “until you 
have a name for a thing you have very little knowledge about it”. To this Rowley remarks that having 
a name for a thing, although helpful, not is the same as understanding it. I think both points are relevant 
to the subject here. I would argue that, although a lack of linguistic labels not necessarily implies a 
lack of personal understanding or “tacit knowledge” (Polanyi, 1966), it does imply a lack of scientific 
knowledge.  

I believe many challenges within this field of research are of a primarily semantic nature. It is a chal-
lenge to find the appropriate language that manages to successfully capture and communicate complex 
and often somewhat elusive perceptual phenomena. To translate them into principles applicable in 
environmental design, planning, and evaluation practises, as well as to operationalize and measure 
them scientifically. Adjectives such as “natural” or “green” (not to mention “beautiful” or “pleasant”), 
although perhaps seemingly trivial, are far from unproblematic to define in a scientifically meaningful 
way. Overall, the main theoretical concerns of this thesis might be summarized in three basic ques-
tions: 1) what kind of categories the PSDs ultimately describe, i.e. what they are, 2) which they are, 
i.e. how to best understand the essence of each PSD factor, and 3) how they might be understood in 
relation to each other. These concerns will all be addressed in this section. 

Presumably, the eight PSDs define ecologically relevant, basic aesthetic qualities, shaped by our inte-
grated sensory perception and embodied relations with the environment (see e.g. Grahn et al., 2010; 
Grahn & Stigsdotter, 2010). Collected research from different countries (such as, e.g. Lindholst et al., 
2015; Skärbäck & Grahn, 2016; Mansor et al., 2017; Memari et al.,2017; Chen et al., 2019) suggests 
that they might be regarded as reasonably universal across various cultural contexts. As such, they 
could be argued to correspond to general needs and motivational factors regarding people’s environ-
mental relations.  

I would suggest that the PSDs could be thought of as perceived qualities in many ways similar to 
visual colours, however taking all our senses, our bodies, and our higher cognitive abilities into ac-
count.  
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7.2 PSDs in relation to other levels of analysis 
The Gestalt school of psychology was shaped around the idea that perceptions of the environment are 
ordered hierarchically, as meaningful wholes at different scales processed according to various “laws”, 
many of which are still relevant in perception research today (see e.g. Jäkel et al., 2016). This basic 
idea was famously expressed by Koffka (1935, p. 176) as “the whole is something else than the sum 
of its parts”. It suggests that it is insufficient to solely rely on a reductionist or “bottom-up” approach 
to fully account for human perceptual phenomena. Instead, it points to a need to analyse and classify 
such phenomena at different levels of aggregation.  

I have pointed out different ways in which authors have accounted for salutogenic influence from 
natural environments and green features. For instance, aesthetic characteristics of natural phenomena 
have been highlighted from a mathematical perspective, as in describing tendencies in nature to shape 
patterns according to Fibonacci sequences, golden ratios, or fractal shapes (Mandelbrot, 1983; 
Hägerhäll et al., 2004). However, we perceive in the world not only colours, patterns, and shapes, but 
also distinct classes of objects and features such as clouds, trees, rivers, bushes, flowers, animals, etc. 
In other words, colours, patterns, and shapes are interpreted as meaningful wholes at a higher level of 
aggregation, in accordance with the Gestaltist view. Many empirical studies have been performed at 
this level of analysis as well, linking the presence of distinct classes of objects, such as, e.g. trees, to 
salutogenic outcomes (e.g. Ulrich, 1984; Kardan et al., 2015; Peschardt, Stigsdotter, & Schipperrijn, 
2016).  

The ecological approach to perception and cognition (Gibson, 1979; Chemero, 2009) further states 
that our environmental awareness primarily is made up by affordances, perceived possibilities for be-
haviours relevant to our current needs and abilities. As mentioned, empirical studies have been focused 
at this level of analysis as well, analysing the capacity of environments to support affordances for 
different user-groups, and more or less specifically defined behaviours and actions (such as various 
play behaviours in children; e.g. Heft, 1988; Zamani & Moore, 2013).  

However, actions and activities may be defined at very different levels. Arguably, many affordance 
studies have tended to focus on possibilities for rather specific physical “actions”, ignoring to some 
extent the always accompanying experiential/qualitative aspect of human behaviour. Such a more “be-
haviouristic” approach is however not implied by Gibson’s original concept of affordances, which 
emphasises the experienced needs and demands of living organisms in the shaping of affordances. 
Affordances might arguably then just as well be defined in relation to certain experiences, as in relation 
to physically defined “actions”; a perspective developed in Paper III.  

Others still have discussed restorative effects in terms of environmental support for perceived factors 
such as fascination and extent (Kaplan & Kaplan, 1989), or through a habitat/biotope approach, in 
environments’ resemblance with a supposed primordial savanna landscape (Ulrich, 1986; Orians, 
1986; Falk & Balling, 2010). Arguably, the later approach describes salutogenic effects depending on 
the combination of several layers of patterns/shapes, objects/gestalts, and more or less specific af-
fordances, thus considering aesthetic qualities in the environment emerging at an even higher level of 
analysis. I believe this to be the level of analysis most closely related to that defined through the PSD 
framework.  
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Figure 8. The PSDs usually describe perceived qualities at a rather high level of aggregation (left), 
arguably similar to that of, e.g. ecosystems in biology (right). Empirical studies within the field could 
arguably be found at most, if not all, of these levels of analysis. 

Salutogenic effects could arguably be partly understood and analysed at all these different levels, both 
aesthetic/perceived and physical/objective (Figure 8). Together, they might reveal complementary as-
pects that combined can contribute to a broader understanding of the underlying mechanisms. The 
PSDs are here regarded as capturing aesthetic phenomena at a rather high level of aggregation, thus 
providing a “top-down” or holistic approach to environmental aesthetics, and to the understanding of 
salutogenic mechanisms (Figure 8, left). Presumably, this is a level of ecological relevance, arguably 
similar to that of, e.g. ecosystems or habitats in biology in terms of complexity/aggregation (Figure 8, 
right). 

Dealing with a similar level of aesthetic analysis, the qualities proposed in the PSD framework share 
similarities with those emphasised in both the SRT and the ART approaches. It shares with SRT a 
prospect/refuge dynamic (Appleton, 1975), considering the perspective of the embodied individual in 
relation to spatial features, arguably not as clearly emphasised in ART. The Nature PSD however 
seems to correspond strongly with the fascination factor proposed in ART (Kaplan & Kaplan, 1989), 
and of course also with SRT’s focus on primordial savanna landscapes (Orians, 1986; Ulrich, 1986). 
The PSD Space in addition seems very similar, if not identical, to ART’s extent factor (ibid.). The 
Serene PSD, i.e. the expressed need for peaceful and quiet areas with few or no people, seems not as 
clearly expressed in SRT or ART however. This is notable, as this quality seems to be of great im-
portance for restorative processes (see e.g. Ottosson, 2007; Grahn et al., 2010; Stigsdotter et al., 2017b; 
Pálsdóttir et al., 2018).  

When it comes to the compatibility factor proposed by ART (Kaplan & Kaplan, 1989), it seems that 
the PSD approach suggests that what constitutes a compatible environment in terms of PSDs is decided 
completely in relation to the individual’s current needs; sometimes a livelier, more social, or more 
cultivated environment would be preferred, and sometimes a more serene and natural environment 
might be preferred. Thus, it seems that compatibility cannot be considered a property of the environ-
ment itself possible to translate into a general design principle. Nevertheless, I would argue that ART, 
SRT, and the PSD framework all deal with aesthetically mediated salutogenic mechanisms at a similar 
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level of analysis, using similar concepts, although with different terminology and with somewhat dif-
ferent theoretical approaches. It seems that the PSD framework capture aspects considered important 
in both the ART and the SRT approaches, while also adding some presumably important distinct fac-
tors through the Serene, Rich in species, Cultural, and Social PSDs. The latter three arguably more 
important to support instorative, rather than restorative processes (see sections 3.2 and 7.5), while 
Serene, as mentioned, often is considered of major importance for restorative processes in particular. 

7.3 Strengths and weaknesses of the PSD approach 
Of course, any division of our complex environmental relations and integrated sensory perception into 
a few basic categories will always be an oversimplification compared to the way we really perceive 
and make sense of the world and such a model will never account for all possible individual differ-
ences. However, the same might also be true for how we classify, e.g. visual colours. Humans can 
distinguish between some 10 million colours (Wyszecki, 2006) but we have labels for but a fraction. 
Isaac Newton (1671) suggested seven fundamental colours in the visible spectrum, however the num-
ber of recognized colours varies greatly between cultures and languages. Some languages name only 
two or three different colours (see, e.g. Lloyd, 2007).  

This does not mean that colours without a label are without meaning for people, that they cannot be 
perceived or valued. Nor does it mean that it is without meaning to name or define them. Appropriate 
labels aid communication and may also increase our general awareness and potential understanding 
of perceived phenomena. In the same manner the PSD approach could aid our understanding and 
communication regarding aesthetic qualities in the environment of basic importance in our daily lives. 
This in turn could aid decision-making regarding environmental planning and design with human 
health and wellbeing in mind.  

The PSDs are interpreted and defined using statistical analyses of collected data from a large number 
of individuals over several studies, thus representing a universal approach to understand general hu-
man needs. As such the PSD framework does not account for all possible individual differences or 
cultural variations. However, as mentioned, results suggest that the PSDs are stable across cultures 
(see e.g. Skärbäck & Grahn, 2016) and that people tend to agree as to whether or not an environment 
is strong or weak in its support of each PSD, making reliable evaluations possible, as suggested 
through results by, e.g. Stoltz et al. (2013) and in Papers I and II in this thesis. This makes it possible 
to think about assessments of the PSDs in an environment as reasonably objective in relation to a 
presumably normally distributed human population. Arguably, this sets the PSDs concept apart from 
other qualitative notions such as beauty or pleasantness, which are common in the landscape prefer-
ence research literature (e.g. Daniel & Boster, 1976). In comparison, the PSDs could fundamentally 
be seen as describing non-normative qualities, albeit of seemingly universal importance to people in 
their daily lives. Again, much like visual colours.  

Defined from an anthropocentric, i.e. human-centred, perspective the PSDs should be understood as 
purely relational phenomena and not as ontological categories. In other words, they do not deal with 
for instance whether or not an environment is actually “natural/un-cultivated” or actually “rich in spe-
cies”, etc., but only concerns the perceived/aesthetic qualities of an environment. Of course, often 
objective descriptions of environmental conditions and how the environment is perceived overlap and 
there might be strong correlations between, for instance “actual” or objective biodiversity, as defined 
from a biological perspective, and perceived biodiversity, i.e. biodiversity seen as an aesthetic quality 
(see e.g. Gyllin & Grahn, 2015). They might however not always correlate, and evaluations may differ 
depending on individual characteristics such as, e.g. education (ibid.). Although this basic distinction 
might seem trivial, it nevertheless often seems to cause some confusion, for instance in trans- or inter-
disciplinary research settings or in practice during field evaluations. It also raises the question to which 
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degree expert assessments of the PSDs would correlate with those of non-experts. Results (e.g. Stoltz 
et al., 2013) however seem to indicate that experts and non-experts assess the PSDs in a similar way. 
This in turn might be an indicator of the universal nature of the PSDs as distinct dimensions of our 
environmental awareness.  

The human-centred perspective of the PSDs also means that they are defined based on expressed needs 
and experiences rather than specific physical features. This means that the PSD framework does not 
offer detailed suggestions at the level of physical implementation. Instead each quality needs to be 
implemented and operationalized in different ways depending on context and purpose. This could be 
seen as a weakness of the framework from both a scientific point of view and from the perspective of 
an environmental designer looking for quick and tangible solutions. However, in addition to providing 
a model for environmental evaluations at a presumably ecologically valid level of analysis, this flexi-
bility in terms of specific physical implementation might make the PSD framework suitable to guide 
design and planning processes in a large variety of different contexts. It will however always demand 
from the involved partners sensibility and critical thinking in order to contextualise and actualize sup-
port for the PSDs in a successful way in new each scenario.  

Arguably, the described top-down/holistic approach of the PSD framework make it useful for analyses 
at different scales, including the smaller scale of individual urban green areas or forest stands (as 
exemplified by Papers I and III in this thesis), as well as larger scale regional planning scenarios (as 
exemplified by Papers II and IV). This might also be the reason why the framework succeeds in cap-
turing aesthetic aspects of salutogenic relevance with relatively few items. For instance, in the context 
of large public health surveys, such as the ones employed in Paper II, space is often limited due to a 
large total amount of questions included. It is then an important advantage to be able to retrieve valid 
and relevant information from the respondents with as few items as possible in order to ensure ade-
quate answers and high response rates.  

The top-down and universal approach of the framework might however also contribute to a lack of 
resolution and explanatory power in relation to more specific health and wellbeing outcomes. In com-
parison, a scale for specifically evaluating the restorative potential of environments, the Perceived 
Restorativeness Scale”, suggested by Hartig et al. (1997) consists of 26 items in its original form. 
However, for large-scale environmental evaluations, such as those performed in Papers I and II in this 
thesis, such a level of detail and resolution may not be applicable due to, e.g. time and resource con-
straints. Arguably, in many cases it would also not be necessary in order to achieve valid and mean-
ingful results.  

Challenges when using the PSDs in epidemiological studies: self-reports vs. 
independent estimates 
As we have seen, the PSD framework has been used to analyse relations between objective environ-
mental conditions, perceived qualities in the environment, and various public health and wellbeing 
outcomes. It is important however to develop a clear understanding of the involved mechanisms and 
the relations between different levels of analysis in order to come up with plausible interpretations of 
the results in, e.g. epidemiological studies. This will affect both the credibility and the efficiency of 
the evidence used to support design and planning decisions.  

As I have argued, the overall reliability of the PSD framework for evaluation purposes (previously 
supported by, e.g. de Jong et al., 2011; Stoltz et al., 2013) makes it suitable to use for independent 
estimates of key aesthetic qualities in various environments. This is the basis for the assessments, 
using different methods, performed in Papers I, II and IV in this thesis. Presumably such estimates 
would be true for most people, following some kind of normal distribution in the population. Paper II 
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again presents support for the overall reliability of independent estimates on population level, as indi-
vidual reports of PSD qualities supported in the neighbourhood were highly correlated with independ-
ent area-aggregated assessments. 

Although environmental perceptions always to some degree reflect objective environmental condi-
tions, individual characteristics and contextual factors may alter perceptions, which could affect indi-
vidual assessments of aesthetic qualities and aesthetically mediated health and wellbeing outcomes in 
unexpected ways. Environmental assessments and wellbeing outcomes might then deviate from the 
population norm for certain groups or under certain conditions. This means that, in spite of the overall 
reliability of the PSD framework for environmental evaluations, self-reports from within a study co-
hort might not always be valid for establishing causal links between environmental perceptions and 
health and wellbeing outcomes.  

In particular, the risk for single-source bias effects affecting the results might be present when analyses 
are not made at the level of the whole population, but rather for different sub-groups, as highlighted 
earlier by de Jong et al. (2011) and again here through the results obtained in Paper II. In the latter 
study, the results suggest that a generally strong support for the PSDs in the close-by living environ-
ment might give rise to context dependent expectations leading to increased annoyance from traffic 
noise in such areas at a given noise level, instead of less which would have been expected based on 
previous results in similar themed studies. This is an example of how all sub-groups in a study sample 
not always may agree with an independently estimated area-aggregated measure of PSDs, despite an 
overall high agreement between the two measures.  

In addition, Paper II also suggests that being severely affected by traffic noise in the home potentially 
might hamper the general appreciation of PSDs in the neighbourhood, thus leading disturbed individ-
uals to report less support for them than what would be expected from the independent estimates. Here 
the use of an independent, and presumably more objective, aesthetic measure helped reveal that the 
observed negative correlation between self-reported PSDs and noise annoyance actually might be due 
to such an inverse causal relation, rather than reflecting a supposed mitigating effect on annoyance by 
being surrounded of high-quality green spaces. Such results indicate a general need to treat self-reports 
and independent estimates of aesthetic qualities as two separate levels of analysis in similar studies, 
even when the qualities employed show high overall reliability.  

7.4 Naming and interpreting the PSDs 
As mentioned, Grahn and Stigsdotter (2010) term the eight PSDs as Nature, Culture, Prospect, Refuge, 
Space, Rich in species, Social, and Serene respectively. Although I largely agree with their overall 
interpretations regarding the underlying principle of each dimension, I would suggest that, since they 
might be understood as perceived qualities similar to, e.g. colours, each dimension is 1) labelled using 
an adjective, and that 2) terms used to denote closely related theoretical concepts are avoided.  

For instance, the terms “prospect” and “refuge” were used by Appleton (1975) to communicate an 
idea that humans tend to prefer places offering shelter (“refuge”) while simultaneously providing an 
overview of the surroundings (“prospect”). Arguably, these two notions are then often more or less 
combined into a single perceived quality that could be interpreted as a perceived “prospect-refuge” 
dimension in the environment. In the PSD framework however, these same notions are used to distin-
guish between two separate qualities, two distinct factors, and arguably do not denote the exact same 
theoretical concept as that suggested by Appleton. I would thus suggest that the terms “prospect” and 
“refuge” are avoided as labels in the PSD framework, and would instead propose the terms Open and 
Sheltered respectively to represent those two distinct qualities.  
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In addition, I believe that the term “Space” used by Grahn and Stigsdotter (2010) as a label for another 
PSD also might be potentially problematic, for instance when communicating the PSD framework in 
a broader architectural context where the space notion is frequently used and debated (see, e.g. Üngür, 
2011). I believe that the corresponding PSD also could be interpreted and labelled as a Cohesive qual-
ity in the environment, thus avoiding confusion around the space notion while perhaps stressing the 
underlying principle or “essence” of this dimension even clearer.  

Similarly, the “Rich in species” PSD (Grahn & Stigsdotter, 2010) has also, to my experience, been 
somewhat problematic to communicate in certain contexts. Often people tend to interpret it as simply 
a measure of biodiversity in the environment. I suggest that this PSD could be interpreted and com-
municated in a slightly more general sense, as a perceived Diverse quality in an environment. This 
would give its interpretation a slightly broader meaning that I believe still is in line with what is sug-
gested in the underlying data. Arguably, this interpretation also makes it somewhat easier to relate the 
PSDs to each other in a meaningful way, the topic of the following section. For the following discus-
sion I will adopt these new/alternative labels for each PSD quality, summarized in Table 4.  

Table 4. Modifications/alternatives to the labels and interpretations proposed by Grahn and 
Stigsdotter (2010) for the eight PSDs. Alternative labels are all adjectives and attempts to avoid 
some potentially problematic terms.  

Original label  Alternative label  The environment provides… 

1. Nature Natural A natural quality: a sense of fascination with the natural 
world, its force and power. A sense of wild, untouched na-
ture, and the passage of time. Seemingly self-sown plants 
and naturally shaped features. 

2. Culture Cultural A cultural quality: a sense of fascination with human cul-
ture, creativity, efforts, and history. The cultivated, crafted 
and man-made, as opposed to the “self-made” or natural. 

3. Prospect  Open An open quality: Overviews, sceneries, prospects, vistas, 
and stays. Room to roam freely, space for play or physical 
activities. 

4. Social  Social A social quality: plenty of people and movement. Social 
activities and interactions. Food, shops, cafés, restaurants, 
etc.   

5. Space Cohesive A cohesive quality: a sense of spatial cohesion and spa-
ciousness, an experience of entering a “world in itself”, an 
uninterrupted, cohesive whole.  

6. Rich in species Diverse A diverse quality: a sense of variation and abundance. Dif-
ferent species of plants, animals, etc. Variations in spatial 
configuration and content.   

7. Refuge Sheltered A sheltered quality: a sense of shelter, safety and protec-
tion, An enclosed environment, a refuge, a hideaway.  

8. Serene Serene A serene quality: a sense of serenity, peace, quiet and still-
ness. Freedom from noise and disturbances. No people.  



38  

7.5 Relating the PSDs: A dialectic model 
Another theoretical concern during this project has been the lack of an explicit and coherent model 
describing how the PSDs can be understood in relation to each other. Such relations might be highly 
relevant to highlight and investigate in order to offer an integrated tool for environmental planning 
and design meeting different needs. It is quite easy to imagine some kind of dialectic relations between 
seemingly opposing qualities among the eight suggested PSDs, most obvious perhaps between the 
Natural and Cultural qualities.  

As mentioned, previous research suggests that important differences exist between the PSDs in how 
they are valuated depending on current wellbeing and stress levels; Serene is often suggested as the 
perhaps most restorative quality, while the Social PSD usually is considered as the least restorative 
(e.g. Pálsdóttir et al., 2018). A commonly expressed need for “social quietness” among stressed indi-
viduals (ibid.) further stresses the opposing dynamics between these two PSDs.  

The “prospect/refuge” dynamics highlighted by Appleton (1975) has already been mentioned, and it 
seems reasonable to suggest a similar dynamic between the Open and the Sheltered PSDs as well 
(“prospect” and “refuge” respectively in Grahn & Stigsdotter, 2010). We are then left with the Diverse 
and the Cohesive PSDs (“Rich in species” and “Space” respectively according to Grahn & Stigsdotter, 
2010). Arguably, it is somewhat easier semantically to consider Diversity and Cohesion as a dialectic 
pair than when using the earlier labels.  

Sticking with the proposed alternative labels, I suggest that the relations between the PSDs could be 
illustrated as in Figure 9 below. The model indicates dialectic relations between opposing qualities, 
and a closer relation between neighbouring qualities. It also emphasises the previously suggested col-
our analogy; how the PSDs might be seen as more or less related to each other and possible to mix 
and blend in an environment, much just like colours in the visual spectrum.   

 

Figure 9. A model with suggested relations between the eight PSD qualities. 
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The four qualities generally suggested as the most restorative, i.e. Serene, Sheltered, Natural, and Co-
hesive (see e.g. Ottosson, 2007; Grahn et al., 2010; Stigsdotter et al., 2017b; Pálsdóttir et al., 2018), 
are placed to the lower/left of the model (Figure 10, left). Consequently, the opposing four qualities, 
i.e. Open, Cultural, Social, and Diverse, which arguably could be considered as generally more stim-
ulating but also often higher in their cognitive demands, are placed to the upper/right (Figure 10, right). 
Presumably, the latter four qualities could be regarded as more important in support of instorative, 
rather than restorative effects, suggesting that the model accounts for both these salutogenic pathways 
(see section 3.2). That is not to say however, that the qualities of primary importance for restorative 
processes may not be just as important to support instorative processes as well; they most probably 
are.  

 

Figure 10. The model describes dialectic relations between qualities identified as particularly im-
portant for restorative processes (left) and qualities often perceived as more stimulating and pre-
sumably more important for instorative rather than restorative processes (right).  
 

 

Figure 11. A distinction might also be made between PSDs often requiring a larger area in order to 
be fully supported (left), and PSDs that could be reinforced through a denser design and planning 
strategy (right). 

In addition, arguments are sometimes heard that high quality green spaces are possible to achieve 
within limited areas. For certain qualities this is certainly true. However, it seems that qualities of 
importance for restoration of stress and attention fatigue, the Natural, Cohesive, and Serene PSDs, as 
well as the Open quality, often might be associated with larger green space areas (Figure 11, left), as 
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suggested by, e.g. Berggren-Bärring & Grahn (1995b) and by regression analyses performed by Stoltz 
et al. (2012). This might be especially important to consider in relation to urban densification pro-
cesses, where green spaces often are considered as potential sites for new buildings. As a contrast, the 
opposing Sheltered, Diverse, Social, and Cultural qualities may be easier to achieve within a limited 
space, and might often even be reinforced through a denser planning and design (Figure 11, right). 

The model strongly suggests that trade-offs are inevitable for successful environmental planning and 
design from a PSD perspective. Since opposing relations seems to exist between certain qualities (alt-
hough possibly so to various extent), they will be hard, or sometimes even impossible to support fully 
in the exact same location at the same time. It is thus necessary to pay attention to how different PSDs 
combine and interact in an environment in order to avoid conflicts between different needs. The un-
derstanding of such dynamics between different aesthetic qualities seems crucial from a design and 
planning perspective so that environments are shaped in ways that optimizes the sought-after qualities 
without unwanted interference.  

Presumably, this model could then be used as a basic palette with eight key qualities to consider for, 
e.g. landscape architects or urban planners that wish to incorporate an evidence-based, salutogenic 
perspective in their work. It could highlight possible conflicts in the design and aid in finding the 
desired balance in an environment in terms of its PSDs. In this way the model could function as a basic 
“compass”, that could guide, inspire, and inform design and planning decisions from a human-centred, 
aesthetic perspective. It could also facilitate communication of such a perspective in, e.g. trans- and 
interdisciplinary research settings. This suggested dialectic arrangement of the PSDs is referred to in 
the following as the PSD model, in contrast to the PSD framework, which refers to the eight PSD 
categories without necessarily suggesting these particular relations between them. 

Representing the PSDs with colours 
I have suggested that the PSDs might be understood as a form of higher-order environmental “col-
ours”. From a designer’s point of view especially I believe this analogy to be a fruitful way to under-
stand the concept. The PSDs could then be seen as offering a palette of eight basic qualities that can 
be combined and blended in different ways in environments to achieve different results and support 
various needs. For instance, when mapping, during field assessments, or while sketching design pro-
posals, it might be convenient to mark support for the PSDs on a map/sketch using different visual 
colours to represent each quality. However, there is currently no established practice for which specific 
colours to use.  

While it might be tempting, I believe that the use of different shades of green should be avoided to 
represent several PSDs since they would be hard to separate from each other if present in the same 
map. While also tempting, I believe the strict use of complementary colours to represent opposing 
PSDs in the model would make some colour associations seem less intuitive, if only from a Western 
cultural perspective. Based on trial and error, some common culturally established colour associations, 
and the need to have a palette of distinct colours that minimize the risk of confusion, I have personally 
come to rely on (approximately) the following colours to represent each PSD: Natural = green, Cul-
tural = orange, Cohesive = purple, Diverse = pink, Sheltered = cyan (aqua), Open = yellow, Serene = 
blue, and Social = red (see Figure 9). I believe this scheme to work well in practical applications such 
as mapping, while arguably also being reasonably intuitive and easy to memorise for e.g., field assess-
ments, again if only from a Western cultural perspective.  
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7.6 The PSD model as a universal human habitat approach 
A habitat, usually associated with a particular biotope, is generally thought of as the “right” or “natu-
ral” environment for an organism from a biological perspective; the kind of environmental conditions 
that an animal has adapted to and need for its survival, reproduction, and overall wellbeing. Given the 
diversity of environmental conditions that humans manage to live and thrive within, it seems that we 
in many ways have transcended the dependence on a certain habitat, at least defined in such a narrow 
way. Even though the PSDs originally were defined specifically in relation to urban parks and green 
areas, the use of the framework has extended to other kind of environments as well, such as, e.g. 
rehabilitation gardens or, as in this thesis through Paper I, forest environments.  

Assessments of the PSDs have also been performed at a landscape level in both rural and urban con-
texts, exemplified by, e.g. Stoltz et al. (2012, 2013) and in Paper IV in this thesis. The apparent cross-
cultural agreement, together with epidemiological results linking a larger number of PSDs in the neigh-
bourhood with positive health and wellbeing outcomes (e.g. Björk et al., 2008; de Jong et al., 2012), 
might suggest that they represent complimentary, but equally important, aesthetic needs in relation to 
our close-by living environment. The PSD model might then be interesting to suggest as a universal 
approach to understand and define the optimal “human habitat”, from a perceived qualities/aesthetic 
perspective.  

In contrast to the earlier mentioned savanna hypothesis (Orians, 1986; Falk & Balling, 2010), or how 
we typically describe habitats for other animals – as a certain biotope or a specific set of physical 
conditions – a PSD habitat model would instead evaluate a human habitat through its overall support 
for these eight basic aesthetic qualities.  

 

Figure 12. A “human habitat” defined from a PSD perspective should presumably consist of strong 
support for each quality within approximately 2-300 m walk from home. The arbitrary scale, 0-8, here 
indicates hypothetical support for each PSD from low(0) – high(8) in a given sub-environment. 
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Spider diagrams based on the suggested PSD model could be a convenient way to represent the support 
for the PSDs in a given environment (Figure 12). They could give an overview of how different parts 
of a larger living environment complement each other, which needs that are well catered for and which 
needs that might require additional support. A PSD habitat model suggests a general need for a bal-
anced supply of the eight PSDs in a fully supportive human habitat. We would then want good support 
for all eight PSDs within close reach of the dwelling.  

Ideally, each quality should be afforded in the living environment within approximately 250-300 m, 
or 5-10 min of walk, from the dwelling, indicated by previous studies as a relevant scale level (e.g. 
Stigsdotter & Grahn, 2003; Björk et al., 2008; de Jong et al., 2011, 2012; Stoltz et al., 2013). This 
scale was also employed in Paper II and IV in this thesis to account for people’s perceptions of their 
close-by living environment. Such an environment taken as whole would then be represented by a 
large, symmetrical octagon in a spider diagram, indicating high degrees of support for all eight quali-
ties (exemplified by the dashed, purple shape in Figure 12).  
Due to the dialectic nature of the model however, specific areas within this larger habitat could be 
specifically designed to strengthen certain qualities while if necessary minimizing influence from the 
opposing qualities, thus providing different sub-environments catering for different aesthetic needs. 
The green shape in the diagram (Figure 12) exemplifies an environment likely to afford restorative 
opportunities with its strong support for the perceived Sheltered, Natural, Cohesive, and Serene qual-
ities. The orange shape on the other hand represents an environment with strong support for the pre-
sumably more stimulating Diverse, Open, Cultural, and Social dimensions.  

It would be interesting to further investigate how the PSD model could be interpreted from an evolu-
tionary perspective, and how it might be understood in relation to other similar models for human 
landscape preference such as, e.g. the savanna hypothesis. Potentially, such a perspective could for 
instance help explain why certain PSDs appear as more restorative than others.   

7.7 Potential use of the PSD model in digital applications  
The classification and labelling of perceptual phenomena are fundamental cognitive abilities among 
humans. Also, high-level perceptual phenomena such as the PSDs may, as we have seen, be evaluated 
in a relatively consistent and reliable manner. Similar categorization of sensory data is an example of 
a discriminative task, at which machines nowadays also excel. This is exemplified by widespread 
applications for, e.g. speech and object recognition.  

The success of such technologies (see e.g. Krizhevsky, Sutskever, & Hinton, 2017) indicates the pos-
sibility to use similar approaches to construct applications able to support evaluations of high-level 
aesthetic qualities, such as the PSDs from, e.g. audio-visual data, or perhaps 3D laser scanning/LiDAR 
or similar geographic survey data. Such applications could potentially aid in automating large-scale 
assessments of the PSDs or to provide additional support during field assessments. Data could also be 
collected during extended time periods in order to monitor changes in environmental aesthetics within 
different time frames, e.g. with changing seasons, during different parts of the day, or with larger scale 
physical changes in the environment (e.g. construction work, etc.).  

Discriminative tasks might be contrasted to generative tasks, aimed at generating a complex output 
based on a simple set of instructions and abstract principles, e.g. to draw “an old, female face” or to 
design a “natural park with a sense of shelter”. This is generally a harder challenge for both humans 
and machines: it is more difficult to draw an old face than to recognise an old face. It is also harder to 
come up with a novel design suggestion for an environment following some abstract design principles 
rather than to evaluate and classify an existing environment according to the same categories.  
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Recent progress in machine learning however has made computers quite able also at similar, genera-
tive tasks. Karras, Laine, & Aila (2018) for instance describe a technology for image synthesis that is 
used to render images of life-like human faces, as well as credible indoor environments. Perhaps sim-
ilar approaches could be used to generate virtual design and planning suggestions with different set-
tings for each PSD.  

Potentially, such tools could aid design and planning processes by quickly generating alternative pro-
posals with varying dynamics between the PSDs to be used as a basis for further discussions and 
evaluations. They could also be used to generate environmental stimuli with controlled values for each 
PSD, to be used in, e.g. virtual reality scenarios to test, for instance the effect on different biometric 
measures in relation to varying environmental characteristics.  

 

Figure 13. Digital applications could employ the PSD model (here in a simplified way) to aid design 
and research scenarios with both discriminative and generative tasks.  

Figure 13 schematically shows how a hypothetical digital application could employ the PSD model, 
here in a simplified manner as four gradients, to support both discriminative and generative tasks: to 
estimate support for the PSDs using various kinds of environmental data as input, and to render design 
suggestions or simulated environments with different settings for each PSD. The training of the system 
could be supervised by human experts or employ, e.g. image examples pre-classified by a larger pop-
ulation sample. It could also be based on results from in-field group assessments or population surveys 
together with, e.g. LiDAR data. 

7.8 The PSD model as a tool for evidence-based design 
In his seminal book "The Sciences of the Artificial", Herbert A. Simon describes design as “the core 
of all professional training” and “the principal mark that distinguishes the professions from the sci-
ences” (Simon, 1969). This fundamental distinction between the “sciences” on the one hand and var-
ious practices of “design” on the other could arguably be linked with the described division between 
discriminative and generative tasks.  

Scientifically, the primary function of the PSD model would be to support discriminative processes: 
to suggest the relevant classes and provide tools for their evaluation in existing environments. As a 
tool for design on the other hand, the main function of the model would be to support generative 
processes and ultimately aid in the creation of environments supporting people’s basic aesthetic needs.  

Depending on purpose and on which mode of action that is emphasised, the demands put on the model 
could however be quite different. From a scientific/discriminative point of view there will often be a 
demand for rigidity, detailed operationalization, and objective measures. From a design/generative 
perspective, such as that of, e.g. a landscape architect, there might on the other hand be a need for 
flexibility of the framework to be adaptable to different contexts and scenarios while also giving room 
for, e.g. artistic freedom.  
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Figure 14. Evidence-based design seen as the merging of practises of science and practises of design, 
thus requiring theoretical models capable of supporting both discriminative and generative tasks.  

Figure 14 illustrates how evidence-based design, understood through the previously suggested model 
(Figure 6), in general might be seen as the merging of these two basic modes of action, of science and 
design, thus putting equal emphasis on discriminative and generative processes. This would then re-
quire theoretical models equally capable of supporting both basic kinds of activity.  

Arguably, the PSD framework offers qualitative descriptions at a level that gives it the potential to 
work well as both a scientific model and as a tool for environmental design; to support discriminative 
and generative tasks equally well. However, in design and planning scenarios there will still always 
be a need for critical thinking and sensitivity in relation to the given context for successful results. 
Although a potentially helpful evidence-based tool for environmental design, the PSD model will 
never replace the need for skilful designers, planners, and architects capable of sensibly applying and 
translating the suggested principles in each new scenario.  

The PSD approach also offers but one perspective out of many of equal or perhaps often greater im-
portance. It is not a “theory of everything”, but always need to be accompanied by other levels of 
analysis and complementary perspectives, such as those of various involved partners, users, and, e.g. 
cultural, economic, and ecological concerns.  

In addition, since there are many possible ways of interpreting high-level aesthetic phenomena such 
as the PSDs, and of applying them as principles in various design scenarios, I would suggest a prag-
matist (James, 1907) stance towards the PSD framework and similar theories and models. This would 
mean to never regard it as a once and for all finished or complete truth, but rather as a continuous work 
in progress, always open for debate, change, and new adaptations. This attitude is also very much 
inherent in the proposed iterative model for evidence-based design (Figures 6 and 14): the theoretical 
understanding will evolve through its repeated practical use in various design and evaluation scenarios, 
followed up the continuous integration of new evidence. 
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8. Summary and future possibilities  
This thesis has investigated a universal, human-centred approach to environmental design, planning, 
and evaluation from a salutogenic perspective. It has done so by investigating a framework consisting 
of eight aesthetic qualities, termed perceived sensory dimensions, PSDs, in relation to four proposed 
key aspects of evidence-based design. In line with a human-centred approach, it is defined at a level 
of analysis focused on meaningful experiences, while maintaining flexibility in terms of specific phys-
ical implementation. This opens up for its possible employment in a wide range of environmental 
design and planning contexts and scenarios.  

I believe that the collected research suggests the PSD framework to offer an ecologically relevant level 
of analysis, with design principles applicable in various contexts and at different scales, including 
those of forest stands, urban green spaces, and semi-urban landscapes investigated in this thesis. In 
spite of some challenging aspects, such as a potential lack of resolution, the PSD framework seems to 
offer an accessible and efficient evidence-based approach, allowing reliable and valid evaluations of 
the salutogenic potential in various environments.  

A dialectic model based on the PSDs was suggested as a further development of the framework. If 
proven valid and further developed, this model could potentially aid communication and incorporation 
of this level of analysis into, e.g. trans- and interdisciplinary research settings, and in various design, 
planning, and management practises. Specific tools for the efficient evaluation of the PSDs in different 
contexts, preferably implemented as, e.g. smartphone applications or similar digital solutions, would 
be interesting to develop further. For instance, forest environments, care or workplace settings, neigh-
bourhood environments, or landscape scale assessments for use in, e.g. epidemiological studies are 
interesting to explore in such regards. More detailed design and planning guidelines, aimed at sup-
porting the employment of the PSD model in the work of, e.g. landscape architects or urban planners 
would also be interesting to develop. The possible development of digital tools for both discriminative 
and generative employment of the model could be part of such strategies.  

Other possibilities to explore the model in new contexts could also be fruitful to explore. The multi-
sensory nature of the PSDs could for instance make the framework interesting to explore in, e.g. 
soundscape research settings. Also, its validity and applicability in indoor settings and thus its broader 
use in architectural practises, could be further investigated. Some recent projects attempt to employ 
and develop the PSD framework in some of these different ways, including the evaluation of work-
place settings and learning environments, as well as in the creation of refined salutogenic indexes for 
forest planning. The latter while simultaneously relating the human-centred perspective of the PSDs 
to other sustainability factors, such as, e.g. biodiversity and climate change.  
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