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Healing Effects of 
Urban Greening
Modifying hospitals’ design by humanising spaces 
and especially through reconnecting with nature 
offers a therapeutic support that can positively 
impact on the patients’ psychological and physical 
well-being; it can also improve their ability to 
recover, with varying results depending on the 
different levels of treatment (diagnosis, therapy, 
recovery) and on the disease in question.

Totaforti, S. Applying the benefits of biophilic theory to hospital design. City 
Territ Archit 5, 1 (2018). https://doi.org/10.1186/s40410-018-0077-5
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Positive Effects of 
Urban Greening

The positive effects on the health and 
performance of human beings in response to 
biophilic design of the built environment have 
been verified by extensive scientific studies in 
different settings: healthcare facilities, 
workplaces, children’s spaces, community 
spaces, etc.

Totaforti, S. Applying the benefits of biophilic theory to hospital design. City 
Territ Archit 5, 1 (2018). https://doi.org/10.1186/s40410-018-0077-5
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Positive Effects of Urban Greening

• Benefiting physical and psychological 
health (Huang et al., 2021; Takano et al., 
2002)

• Improving air quality and thermal 
comfort (Javadi and Nasrollahi, 2021)

• Creating social coherence (Van den Berg 
et al., 2015)

• Providing recreation, relaxation, and 
landscape aesthetics (Javadi and 
Nasrollahi, 2021)
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Why Green Our Cities?
How to Green Our Cities?
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Urban Greening & Mental Health
Contact with nature has long been linked to better 
mental health – it’s why sanatoriums and hospitals 
are often found in green surroundings. Living in 
greener surroundings is thought to improve physical 
and mental health by promoting physical activity, 
increasing psychological restoration and stress 
recovery, and strengthening social bonds in 
neighbourhoods.

Eco-Business, Greening the city to prevent mental illness (2022) 
https://www.eco-business.com/opinion/greening-the-city-to-prevent-mental-illness/
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Urban Greening & Mental Health – But How?
Types of urban green space tend to 
affect residents’ mental health through 
different paths. Furthermore, this 
review discusses the details of each part 
under the influence paths. Finally, the 
policy implications for urban green 
space planning from three mediator 
levels are put forward based on an 
analysis of the situation in different 
countries.

Chen K. et al, How Does Urban Green Space 
Impact Residents’ Mental Health: A Literature 
Review of Mediators (2021)

Given the increase in mental health 
problems and the current rapid 
urbanization worldwide, results of the 
present systematic review should be 
taken into account in future urban 
planning. However, further research is 
needed to provide more consistent 
evidence and more detailed information 
on the mechanisms and the 
characteristics of the green and blue 
spaces that promote better mental 
health.

We also outline key questions for future 
work, including further inquiry into 
which elements of the natural 
environment may have impacts on 
cognitive function and mental health; 
what the most effective type, duration, 
and frequency of contact may be; and 
what the possible neural mechanisms 
are that could be responsible for the 
documented effects.

Gascon M. et al, Mental Health Benefits of 
Long-Term Exposure to Residential Green and 
Blue Spaces: A Systematic Review (2015)

Bratman. et al, The impacts of nature 
experience on human cognitive function and 
mental health (2012)
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What Is the Mechanism Behind It?

Characteristics of 
the Urban 
Landscape

Effect on People 
Exposed to these 

Landscapes
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Attention Restoration Theory
Directed attention plays an important role in 
human information processing; its fatigue, in 
turn, has far-reaching consequences. Attention 
Restoration Theory provides an analysis of the 
kinds of experiences that lead to recovery from 
such fatigue. Natural environments turn out to 
be particularly rich in the characteristics 
necessary for restorative experiences.

Kaplan S., The restorative benefits of nature: Toward an integrative framework 
(1995). https://doi.org/10.1016/0272-4944(95)90001-2
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Measuring Restorativeness
The PRS-11 is a four-factor model that 
mirrored four elements of Attention Restoration 
Theory (ART) and has been demonstrated to be 
able to measure perceived restorativeness.

Fascination (3 questions)
Being Away (3 questions)
Coherence (3 questions)
Scope (2 questions)

Pasini et al., How to Measure The Restorative Quality of Environments:
The PRS-11 (2014). https://doi: 10.1016/j.sbspro.2014.12.375
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Physiological Response
Furthermore, DTR, DAR, TBR, and ABR, based on 
EEG recordings, were used to explain the positive 
effect of indoor nature on attention and mental 
workload. These findings may contribute to the 
knowledge base for understanding the underlying 
mechanisms between indoor nature and 
perceived benefits, and guide designers to create 
restorative and cognitive enhancing spaces in 
design practice.
Rhee J.H. et al., Effects of nature on restorative and cognitive benefits in indoor 
environment (2023). https://doi.org/10.1038/s41598-023-40408-x
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What Landscape Characteristics?
We therefore designed and conducted a 
randomised controlled experiment to 
identify the restorative potential of 
different types of trees and grass in an 
urban virtual reality (VR) environment. 
Repeated-measures analysis of variance 
with a general linear model indicated 
that the grassy environment had the 
greatest effect on positive affect.

Huang et al, Trees, grass, or concrete? The 
effects of different types of environments on 
stress reduction (2021)

The experimental results show that all 
four natural spaces in the park have 
some degree of recovery. However, there 
were discernible differences in the 
restorative effects of four selected 
natural sites. Lakeside and Forest 
demonstrated the most robust 
restorative properties in terms of both 
negative emotion reduction and positive 
emotion enhancement.

However, a fully enclosed vegetation 
with trees was not associated with 
higher parasympathetic activities than a 
half-open vegetation model. Based on 
these findings, an open and structured 
vegetation design that includes both 
grass and shrubs may have more 
potential for stress reduction than a 
monotonous vegetation model.

Li Y. et al, Do All Types of Restorative 
Environments in the Urban Park Provide the 
Same Level of Benefits for Young Adults? A 
Field Experiment in Nanjing, China (2023)

Lee J. et al, Effects of Vegetation Structure on 
Psychological Restoration in an Urban Rooftop 
Space (2022)
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Landscape Visual Quality
Based on this framework we assume that the 
assessment of visual landscape quality results 
from how people perceive and evaluate the 
physical features in a landscape, with some 
culturally shared preferences for some landscape 
features over others. Visual landscape quality is 
thus the result of how individuals evaluate the 
physical and biological components of 
landscapes based on their social, cultural and 
individual background and experiences.
Wartmann F. M. et al, Factors influencing visual landscape quality perceived by 
the public. Results from a national survey (2021) 
https://doi.org/10.1016/j.landurbplan.2020.104024
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Quality over Quantity
Residents of neighbourhoods with high quality 
POS had higher odds of low psychosocial distress 
than residents of neighbourhoods with low 
quality POS. This appeared to be irrespective of 
whether or not they used POS. However, the 
quantity of neighbourhood POS was not 
associated with low psychological distress. From a 
mental health perspective, POS quality within a 
neighbourhood appears to be more important 
than POS quantity. This finding has policy 
implications and warrants further investigation.

Francis J. et al, Quality or quantity? Exploring the relationship between Public 
Open Space attributes and mental health in Perth, Western Australia (2012) 
https://doi.org/10.1016/j.socscimed.2012.01.032
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Measuring Visual Quality
(Qualitative)
Regardless of behavioral tendencies indexed by 
the frontal asymmetry, the passive exposure to 
the Therapeutic Garden improved mood in both 
groups. Moreover, the findings further confirmed 
that different designs of green spaces 
(measurable with visual quality assessment tools
such as Contemplative Landscape Model) can 
induce different psychophysiological responses. 

Olszewska-Guizzo, A. et al, Therapeutic Garden with Contemplative Features 
Induces Desirable Changes in Mood and Brain Activity in Depressed Adults 
(2022) https://doi.org/10.3389/fpsyt.2022.757056
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Measuring Spatial Quality
(Quantitative)
Landscape ecology is largely based on the idea 
that environmental patterns influence ecological 
processes. These patterns are often quantified 
using landscape metrics as indicators for: land 
use changes, habitat functions (biodiversity, 
habitats), landscape regulating functions (fire 
control, microclimate control, etc.), and 
information functions (landscape aesthetics).

Uuemaa et al., Trends in the use of landscape spatial metrics as landscape 
indicators: A review (2013) https://doi.org/10.1016/j.ecolind.2012.07.018
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A conceptual framework for landscape visual quality representation adapted from Tveit et al. (2006)

Linking Visual and Spatial Quality 
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Measuring at the Right Scale
…a set of urban landscape metrics, such as sky 
view factor (SVF), standard deviations for building 
and vegetation height, building volume and 
aboveground biomass, building compactness 
ratio, daily shadow patterns, and surface 
roughness. These metrics commonly assess LVQ
from a top-down plan view, while LVQ needs to 
be quantified at the appropriate scale in 3D 
based on what a user might see or experience in a 
given landscape, i.e. at the human scale and eye 
level.

Qi J. et al., Development and application of 3D spatial metrics using point clouds 
for landscape visual quality assessment (2022) 
https://doi.org/10.1016/j.landurbplan.2022.104585
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Research Objectives
• Develop Methods to Measure Landscape Metrics at the Human Scale
• Establish Relationship between Metrics and Restorative Potential
• Predict Restorative Potential through Landscape Metrics
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Two Novel Methods of 
Measuring Urban Landscapes

LiDAR-based 3D Metrics
Panoramic-based Image Metrics
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Development of 3D Metrics
• References Dimensions of Landscape Visual Quality
• Provides a means to measure spatial organization 

of landscapes at the human scale

Qi et al., Development and application of 3D spatial metrics using point clouds for landscape visual 
quality assessment (2022), https://doi.org/10.1016/j.landurbplan.2022.104585
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Scanning Methodology
• 177 sites in Singapore Scanned

• HDB urban landscapes + Parks & Gardens

Qi et al., Development and application of 3D spatial metrics using point clouds for landscape visual 
quality assessment (2022), https://doi.org/10.1016/j.landurbplan.2022.104585
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Metrics from Scans
• Collection -> Classification -> Voxelisation -> Measurement

Qi et al., Development and application of 3D spatial metrics using point clouds for landscape visual 
quality assessment (2022), https://doi.org/10.1016/j.landurbplan.2022.104585
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Naturalness Dimension
• Purpose – To quantify the level of 

greening in a landscape
• E.g. Green Volumetric Ratio
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Complexity Dimension
• Purpose – To quantify the regularity of 

the landscape
• E.g. Landscape Shape Index
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Coherence Dimension
• Purpose – Quantify the connectivity of 

the landscape
• E.g. Number of Clusters
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Visual Scale Dimension
• Purpose – Quantify the openness of a 

landscape
• E.g. View Distance
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Development of Image-based Metrics
• Founded on Perceived Sensory Dimensions (PSD) 
• Characterises landscapes based on human perception and 

psychological benefits

Zhang et al., Assessment of visual landscape quality of urban green spaces using image-based metrics derived 
from perceived sensory dimensions (2023)

Dimension Metrics
Natural Naturalness

Wildness

Green view index (GVI)

Tree
Flora
Grass
Water

Open Depth
Sky

Cohesive Spatial division
Free space

Sheltered Overhead shelter

Depth variation
GVI variation

Serene Disturbance
Cultivated Building

Service facility
Diverse Diversity of plant groups

Diversity of sensory dimensions
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Processing Panoramic Images
• Uses panoramic images as an input
• Processed using image segmentation and depth estimation machine learning algorithms

Zhang et al., Assessment of visual landscape quality of urban green spaces using image-based metrics derived 
from perceived sensory dimensions (2023)
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Measurement of Metrics
• Various metrics are calculated based 

on the processed images

Zhang et al., Assessment of visual landscape quality of urban green spaces using image-based metrics derived 
from perceived sensory dimensions (2023)
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Examples of Scenes & 
Metrics
• 2442 panoramas were collected in 

Singapore by onsite collection and 
Google Street View imagery.

• Scenes were randomly sampled 
based on the metric results 
categorized by high (top 25%), 
medium (middle 50%), and low 
values (bottom 25%).

High value (top 25%) Medium value (top 25%) Low value (top 25%)
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Image-based Metrics & PSD
• Correlation study between image-based 

metrics developed and perceived sensory 
dimensions

Zhang et al., Assessment of visual landscape quality of urban green spaces using image-based metrics derived 
from perceived sensory dimensions (2023)



39

Mapping of Metrics using Google Street View

Zhang et al., Assessment of visual landscape quality of urban green spaces using image-based metrics derived 
from perceived sensory dimensions (2023)
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Linking Metrics to
Restorative Potential
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Online Survey
• 1500 respondents
• 100 scenes
• 60 responses per 

scene
• Determine Perceived 

Restorativeness
(PRS-11) of scanned 
landscapes

• Determine Perceived 
Sensory Dimensions 
(PSD) of scanned 
landscapes
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Linking 3D Metrics to Restorative Potential



43



44

Predicting
Restorative Potential
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Zhang et al., Linking Image-based Metrics to 3D-model-based Metrics for 
Assessment of Visual Landscape Quality (2023)

Comparing Metrics – Panorama vs 3D model
Metrics Descriptive statistics 

for 
3D-model-based 
metrics

Descriptive statistics for 
Image-based metrics

Welch’s 
ANOVA
(p-value)

Bivariate 
Correlatio
n

mean min max mean min max

Tree 0.320 0.184 0.439 0.281 0.102 0.421 0.406 0.891***

Shrub 0.017 0.000 0.120 0.008 0.000 0.034 0.499 0.782**

Grass 0.316 0.021 0.487 0.303 0.057 0.494 0.850 0.697***

GVI 0.653 0.304 0.856 0.592 0.313 0.866 0.449 0.733**

Sky 0.121 0.049 0.216 0.137 0.018 0.354 0.712 0.903***

Depth 0.175 0.127 0.234 0.335 0.289 0.380 0.000 0.903***

Overhead 
shelter

0.293 0 0.996 0.197 0.000 0.517 0.399 0.535*

Building 0.023 0.003 0.135 0.051 0.006 0.134 0.138 0.600*

Service 
facility

0.076 0.002 0.356 0.022 0.001 0.071 0.270 0.527*

Path 0.127 0.002 0.407 0.053 0.000 0.150 0.107 0.608**

Diversity of 
plant groups 
index

0.719 0.531 0.933 0.683 0.559 0.763 0.358 0.624**
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Further Work
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Physiological Responses via EEG
• Lab experiment completed (n=149)
• EEG data being analysed

Projected 360 Panoramas

Equipment used :
- Brain Products -
dry electrode EEG cap, actiCAP
Xpress.
16 channel

EEG Protocol for the experiment is set up with PsychoPy-2022
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• Developed two novel methods of measuring 
landscapes at the human scale

• Attempts to quantify the spatial quality of 
landscapes

• Metrics can potentially be used to correlate 
with other phenomena (e.g. thermal 
comfort, preference, biodiversity, etc)

Conclusions
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• Developing ways to measure designed landscapes 
and different scenarios

• Potentially helps designers and planners 
target specific desired outcomes through 
predictions

• Requires more work

Conclusions
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Thank You

Based on a Research Project Titled "Assessment of the Visual Quality of Urban 
Landscapes in Health Promotion – Methods and Initial Findings". Funded by MOE 
AcRF Tier 2 Project Research Grant (Grant No. MOE2019-T2-2-184)
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