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Executive Summary
This document outlines the results of the scoping reviews conducted for the urban
environments and health component as well as the urban environments and
neuroscience components of the study. The results are presented as descriptive
analyses of the reviews and subsequently, a conceptual framework for the study is
presented. The conceptual framework incorporates the lessons learned from the
scoping reviews and is a combined approach (encompassing both urban environments
and neuroscience components) that is proposed for this study. Subsequent chapters in
this document then explain the methodology that will be utilized to accomplish the work
outlined in this framework, as well as expected outcomes from this project.
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1. Introduction
1.1 Theoretical underpinnings
Attachment to place, or a sense of belonging, has been a phenomenon described
through the ages and across cultures. The Chinese American geographer Yi-Fu Tuan
uses the term topophilia for the feeling-link between person and place in his writings in
the 1960s [1]. Jane Jacobs and Kevin Lynch wrote elegantly on the meaning and value
of cohesive neighbourhoods and urban environments on the well-being of residents [2,
3]. While theories about the link between urban environment and human health or
well-being has a long scholarly tradition, more systematic evidence, and objective
measures on how the built environment relates to social connectivity and individual
behaviour, thus impacting one’s well-being and health are still lacking.
The current coronavirus pandemic has clearly demonstrated the greater extent and
intensity of impact in dense urban environments. Intensified public health implications,
through community spread, coupled with disparate economic and social fallout are all
exacerbated in urban built environments. This phenomenon of unequal, and often
adverse, impacts on health and social well-being will only increase as two-thirds of the
world population is expected to live in cities by 2050 [4]. Urban health must be a critical
global priority, and this need to perceive space in a positive way will become
increasingly important.
In the last decade, there has been a rise in the number of scholars addressing the
implications of quality urban environments. Terms such as happy cities, healthy cities,
healing spaces, safe places are increasingly appearing in the literature. The concept of
urban environments impacting public health has moved from a sociological and
philosophical realm to more analytical and quantifiable methods of measuring variables
within urban environments and their impacts on health outcomes. Common themes
include walkability, obesity, public transportation options and preventive health
implications for the elderly. The UN published the first World Happiness Report1,
measuring several urban variables, in 2012.
A person’s natural and built environments have a significant effect on the biological
processing of cognitive and emotional information. People experience negative (fear,
sadness, or disgust) or positive (happiness, pride, or joy) emotions while interacting
with their surroundings. Research by psychologists and neuroscientists suggests that
emotions are the driver of our most important decisions in life; similarly, our cognitive
behavioural choices are the conduit for increasing positive emotions or decreasing
negative emotions, tendencies associated with well-being [5-7]. Moreover, the impact
of cognition and emotions on health is experienced via physiological and behavioural
mechanisms. For instance, studies have shown that positive emotions improve the
ability to recover faster and better from a disease. Hospitals are investing in healing
1

https://worldhappiness.report
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gardens, mood rooms and lighting to promote recovery. Moreover, positive emotions
promote better social relationships with notable benefits on health and life quality. On
the other hand, long-term exposure to air pollution negatively affects cognition and has
been associated with increased risk of dementia [8]. Furthermore, such detrimental
effects go beyond the potential direct effect on the brain, and can potentially impact on
other physiological systems, such as compromised cardiovascular health.
Recent developments in neuroscience have provided substantial insights into the brain
circuits and physiology involved in cognitive and emotional processes [9-10]. The main
application of these advances has been on underpinning the differences between a
normal and a diseased brain, to find novel preventive or therapeutic interventions.
However, some of the most prevalent diseases (e.g., depression and dementia) are
multifactorial and depend on both inherited and environmental factors. The investment
in genetic research has been prodigious, but the complexities of biological systems
remain a challenge. By contrast, less effort has been made on disentangling the
neurobiological mechanisms by which the physical features of our urban living context
– some of which are considered human intervention on the environment – can
modulate and lead to enduring effects on brain circuits involved in emotional or
cognitive processing. The experience of aggressive social or environmental discomfort
can lead to anxiety or depressive behaviours and could impact certain brain regions [6].
While small-scale applications of neuroscience have been undertaken by a handful of
scholars – typically in indoor environments (e.g., the impact of lighting or sound on
people’s moods), there is no comprehensive large-scale assessment of how urban
environments impact public health as measured through brain activity. Such
comprehensive knowledge is fundamental when evaluating or creating policies aimed
to improve physical and psychological health-related behaviour and are requisites to
creating sustainable and healthy cities.
Classifying and aggregating areas within cities, considering a novel type of collected
data based on cognitive and emotional reactivity, will redesign city mapping. Classical
distribution of neighbourhoods, their services, infrastructure, and needs will be
assessed in a unique human-centred way. For instance, green space exposure could
be a protective factor for physical and mental well-being, and new findings suggest a
link of such urban exposure with neuronal markers of emotional processing [7].
Moreover, the innovative generated data could also be relevant for practical decisions
such as: “Where is the best neighbourhood to live in?”, “Where to locate a new store?”,
“Which are the greenest routes to traverse?”, “Where do citizens feel more happy,
welcomed or insecure?” and so on.

1.1.1 The eMOTIONAL Cities’ main assumptions
The eMOTIONAL Cities project is inspired, among other seminal academic literature,
by the ideas of the late urban sociologist Jane Jacobs [2]; the humanist geographer,
Yi-Fu Tuan [1]; the feminist, biologist, and historian of science Anne Fausto-Sterling
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[11]; and the urbanist Charles Montgomery [12]. It is also embedded in psychology,
economics, computer science, neuropsychiatric and neuroscience research work on
the origins and mapping of emotions in the brain, which have revealed the key role of
emotions in reasoning and decision making. It has been influenced by the ideas of
Herbert Simon [13]; António Damásio [14]; Joseph LeDoux [15]; and Daniel Kahneman
[16]. Finally, eMOTIONAL Cities ideas have also been energised by the ideas of John
Eberhard [17], Harry Mallgrave [18] and Jessica Pykett [19] in establishing cross-links
between architecture and neuroscience. In their view, such interdisciplinary approaches
will address the inaccuracy of conventional methods or perceived deficiencies in the
evidence; understand the “true” impact of the environment on our brains and
behaviour; or even offer a new and exciting understanding of human nature. The main
assumptions underpinning the project’s main concept described above and the work
plan are:

● Cities are the scaffolding that support constantly changing human desires, needs
and challenges [20] However, urbanisation – as endorsed by the United National
Assembly (2016) – is one of the twenty-first century’s most transformative trends.
Urban inhabitants face a vast array of socioeconomic inequalities or environmental
problems, such as pollution, lack of transport options and reduced mobility, reduced
outdoor comfort, microclimate changes and the exposure to infectious diseases
(particularly valid nowadays given the coronavirus pandemic).

● Contemporary city planning and design views favour human centricity by
advocating that urbanism should focus on a person’s attachment to place [1, 20];
and a phenomenological approach – where the understanding or mapping (of a
place or context) is better achieved through immersing within the real scenario [21).
Moreover, the influence of place on health, together with the required distinction
between contextual (environmental aspects) and compositional (individual features)
factors to health inequalities have been emphasised by some authors [22].

● Urban planning and design play an important role in amplifying or diminishing built
environmental threats – its macro (land use, transportation, public areas) or micro
(buildings, streets, neighbourhoods) elements – to health or well-being prevention
[23, 24]. Cities also shape their own microclimate and outdoor comfort, which have
a particularly large impact on city dwellers as they are more exposed to the
discomforting factors in urban spaces [25, 26].

● The human brain, through complex neural circuits, is at the heart of our
homeostatic control and the way we act to environmental stress. Our brain
determines what is threatening as well as the behavioural and physiological
adaptive responses [8,27]. Part of this reactivity to environmental stress is
advantageous in the short-term, but it could become maladaptive in the long-term.
Such detrimental effects impact on brain capacity to regulate peripheral physiology,
engage in adaptive social and health behaviours, and experience and control
emotions [28].
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● Most urban health research has been focused on physical, rather than mental,
health and well-being; and look at correlational evidence derived from
cross-sectional studies, which suffer from the presence of confounds (e.g.,
socioeconomic or health inequalities). Longitudinal population-based cohorts are
challenging, as it is often difficult to deﬁne exposure to population level
interventions and to identify an unexposed group [29, 30]. Hence, to add a
sophisticated layer of knowledge on the relationships between the environment and
human well-being, future urban health research should aim to obtain robust
evidence on the underlying (neuro)biological pathways and causal mechanisms
[31]; and combine this with spatial health-related data analysis [32-34].

● Urban environmental exposures shape the developing and developed brain, and
physical/mental health [7]. For instance, the urban population is more likely to
develop anxiety or depressive symptoms than rural residents [35]. However,
proximity to green or blue (aquatic) space, street trees or private gardens is
associated with a population’s psychological well-being in both urban [36] and rural
settings [37]. The biological underpinnings of these observations are largely
unknown, and few studies validated causal influences of environmental exposures
(e.g., urban green space by [6]). Similar validation for other urban features and
across different cities could have far-reaching implications for society, public health
and policy making.

● Conducting neuroscience research in a controlled setting as well as in outdoor
urban scenarios will lead to comprehensive evidence-based knowledge on
human-environment interactions. Most lab work relies on magnetic resonance
imaging (MRI; for spatial resolution) and electroencephalography (EEG; for
temporal resolution) to study neural activity related to exposure to urban
environments [38]. However, experiments in the outside world require mobile
technologies and integrative data collection infrastructures for both environmental
variables and neurophysiological signals (although some examples [39] offer
promising solutions).

● The last decade has observed a proliferation of technologies that could help us
understand the neurobiological response to physical environments as people
navigate in real (or virtually modified) environments. The use of augmented and
virtual reality (AR/VR) technology is suitable to test hypotheses on how exposure to
certain urban features elicits immediate and different behavioural responses [40].
On the other hand, recent mobile EEG devices enable flexible recording of brain
activity in real-time and their use could become a powerful tool for urban health
research [41]. Furthermore, there has been also rapid developments in
environmental, behavioural, and physiological mobile sensing for public and
environmental research [42].
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● Given the risk of using a very deterministic account of human actions, any attempt
to refine the built environment for improved urban health should also consider the
social fabric. Socially motivated behaviour has been essential for survival and brain
development throughout evolution [43] and promote better health and well-being
[44]. Moreover, socioeconomic disparities are a strong predictor of mental health
inequalities and recent studies have started to identify neural markers for this
vulnerability [45].

● There are unrecognized sex and gender assumptions in architecture and planning
that contribute to health and well-being inequalities at various scales (buildings,
neighbourhoods, cities) and in different domains of city building, such as housing,
public facilities, transportation, streets, and open space [46]. Thus, research is
needed to understand how urban structures interact with a wide spectrum of sex
and gender related dimensions, and how these differ across time and space.

● As the urban population is aging, creating age-friendly and inclusive streets and
neighbourhoods is critical for improving urban health and reduce inequalities2;
therefore, research is needed to provide evidence on how specific urban features
could impact sensorial, emotional, and spatial cognition (i.e., navigation in the city)
of elderly people, particularly for the more vulnerable ones such as the ones at risk
of developing dementia.

● To deal with uncertainty and complexity, scenario planning techniques have been a
common and successful approach in the corporate world [47]. In contrast to impact
analysis techniques – where the future is assumed to mimic the present, scenario
planning methodology forces the analysis to be about many possible futures which
may be very different from the present. Such tools have been less extensively
applied in urban planning, but they offer an innovative approach to help planners
and decision makers projecting the future, anticipate barriers to implementation and
discover surprising and unpredicted developments [48].

● Translating scientific evidence into policy and practice is challenging and requires
policy-relevant research questions generated by transdisciplinary teams; methods
that are compelling to policy makers, such as case studies and real-world
experiments; a targeted dissemination strategy to reach decision makers; and
engagement in advocacy, by direct communication with policy makers or through
knowledge brokers [49].

2

http://www.euro.who.int/__data/assets/pdf_file/0018/333702/AFEE-tool.pdf?ua=1
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1.2 Objectives
The overall aim of this project is to provide robust scientific evidence on how the
natural and built urban environment shapes the neural system underlying human
cognitive and emotional processing, with a perspective that also incorporates age,
gender, and vulnerable groups’ specificities. Furthermore, it has the goal to map such
neurobiological reactivity through time and space as the urban landscape change.
Grasping the spatial cognition of the citizens’ behaviour and decisions while interacting
with their real-life surroundings will be a breakthrough, as it will foster more inclusive
urban design resulting in better individual health and well-being. The way public spaces
are designed, the urban typology of cities, the architecture of buildings, the circulation
and mobility of transport systems, the existence of greenery and urban parks, the
liveability and vibrancy of cities, all matter when it comes to people’s feelings and ways
of experiencing their environment thus influencing their health.

1.2.1 The eMOTIONAL Cities’ specific aims
1. Identify policy-relevant research questions and develop a “eMOTIONAL Cities
conceptual framework” for linking urban environment, neuroscience and
physical/mental health and well-being. The goal is to extend current knowledge with
new systematic evidence from case studies as well as real-world experiments and,
by collaborating with relevant stakeholders, achieve a better translation of research
to urban health policy making and practice.
2. Apply geospatial analytics, through quantitative and qualitative methodologies, to
four different urban case studies, across two continents (three in Europe and one in
the US), to determine critical urban area characteristics, as well as to map physical
environments, socio-economic characteristics, mobility patterns and geo-tagged
social media (Twitter and Instagram) determinants of health. This will capture the
perceived emotions and identify the driving factors affecting the perceptions of the
urban environment.
3. Combine controlled laboratory experiments with field ecological research by directly
capturing peoples physiological and neurobiological responses while interacting
with specific urban artefacts. More specifically, we aim to identify how the brain
regions responsible for processing the emotional valence and arousal that influence
individual decisions adapt to or buffer environmental influences, so that we could
better predict when such mechanisms could be dysfunctional or not able to
compensate. We expect to achieve this by taking advantage of virtual reality as well
as mobile sensing devices and platforms; and through the integration of
neurophysiological (high-density and wireless electroencephalography – EEG) and
neuroimaging (functional magnetic resonance imaging – fMRI) brain activity.
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4. Collect and analyse both geospatial and neuroscience data paying specific
attention to vulnerable groups, age, and gender aspects, in order to identify barriers
and facilitators of urban spaces that are truly inclusive. The approach is designed to
consider a multidimensional gender perspective – by going beyond binary views
and accounting for intersectional aspects (such as age, race/ethnicity, income,
place of residence, etc.). As aging and dementia are rapidly growing public health
concerns, our efforts will be focus on providing important evidence, for vulnerable
elderly people at risk of developing dementia, on how urban characteristics may
impede functional performance.
5. Create an open spatial data infrastructure (SDI) capable of integrating multisource
heterogeneous geospatial and neuroscience datasets and time series information.
With this approach we aim to share and provide complex spatiotemporal query and
answering capabilities for city emotional places within and beyond the eMOTIONAL
Cities stakeholders’ community. The advantages are manifold and can range from
efficiency gains by public administrations, to economic growth in the private sector,
through social welfare in the broad sense (e.g. decision-makers to create their own
scenarios, and have a vision of alternative futures based on possible urban policies
and design actions and empower people in general by giving them access to data
so they can take evidence-based activism in participatory public decisions
regarding urban design in their own neighbours).
6. Integrate statistical data and geospatial descriptions with contextual neuroscience
information to generate evidence-based knowledge on how the natural and built
environment, as well as the social fabric, affect cognitive and affective well-being.
This will be achieved by comparing urban realities from different countries (i.e.,
across a range of geographic and socio-economic contexts; and with different
urban planning and design policies), considering their contrasts and similarities.
Merging such knowledge with a finer dissection of the precise neural mechanisms
will be critical to validate a set of universal cognitive and emotional indicators and
models that could be used for measuring and predicting urban health, quality of life,
environmental risk-assessment, and sustainability. These indices can be relevant to
multiple sectors and integrated in future city planning.
7. Provide insights and policy-related recommendations to improve the physical and
mental health and well-being in cities by leveraging the project’s evidence-based
knowledge with machine learning-based scenario discovery. Linking research to
practical need, our project will develop fundamental methodologies to support
decision making in terms of scenario discovery and showcase them in selected
case-studies covering different dimensions of the duality in urban environment –
mental health and well-being. Using machine learning techniques to handle the
uncertainty inherent to such duality, namely in terms of the evidence-based
knowledge, scenario setting and policy specification uncertainties, we will develop
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open-source algorithms to discover optimal policies and evaluate overall urban
health benefits.
8. Promote the education on healthy cities and urban design practices, based on
interdisciplinary knowledge that combines data from social sciences with natural
and medical sciences (neuropsychiatry and neuroscience). Several promotion tools
such as posters, flyers, brochures, and videos will be made available to promote
human health, and urban planning and design practices.
9. Raise awareness on how the built environments relate with human senses and
shape emotions and health, fostering citizens to act and request for better policies
that address well-being. Through a comprehensive and targeted dissemination and
communication strategy, relevant stakeholders will be made aware of eMOTIONAL
Cities and encouraged to be involved in the project. These stakeholders will be
involved through several tools including the project website, in-hand dissemination
materials and other online tools. In addition, the project will organise several events
to disseminate eMOTIONAL Cities’ outcomes and results, as well as to increase
stakeholder awareness and involvement their participation in project activities.
10. Ensure project sustainability after its conclusion. eMOTIONAL Cities aims to be a
sustainable project by developing an exploitation and business plan that includes
specific actions to ensure the long-term impact of the main outputs. It is focused on
the exploitation of scientific and industrial outcomes. Regarding the business plan,
it will focus on assessing the commercial value of the innovative health data,
information and knowledge produced by the project towards urban planning
solutions that promote urban health in the long-term
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2. Conceptual Framework
This chapter will discuss the summaries of the scoping and scientific literature reviews
conducted for a) urban environments and health, and b) neuroscience and urban
environments. After the results of the reviews are presented, a conceptual framework
for this study is proposed.

2.1 Scoping and Scientific Reviews of Literature
2.1.1 Results from scoping reviews of the Urban environments and
Health literature
A scoping review was conducted of articles scanned from PubMed, Scopus, Web of
Science, and ProQuest on Urban Environments and Health for journal articles
published in English and from the year 2010 to 2021. After multiple brainstorming
sessions, our final scan included 10 search terms in Urban Environments and 4 in
Health and this scan returned 6,902 articles. After removing irrelevant articles and
duplicates, we were left with 495 articles to include in the scoping review. The review
results were tabulated in an excel table where we extracted the following information
from each article: Theory, Data Source, Variables, Analyses conducted, Results, and
Limitations. This information was then categorized into similar topics/themes. The
following points summarize the main results of this review.

Theory
●
●
●
●
●

A total of about 105 theories mentioned by about 180 articles.
Attention Restoration Theory was by far the most mentioned theory in the
articles, mentioned 27% of the time.
Stress Reduction Theory was the next most mentioned theory in the papers
reviewed, it was mentioned 13% of the time.
The third most mentioned theory was the Psycho-Evolutionary Theory,
mentioned about 2.5% of the time.
This is followed by Environmental Restorative Theory, Appleton’s
Prospect-Refuge theory, Socio-Ecological theory, and the Theory of Planned
Behavior, each mentioned 2% of the time.

Data Sources
●

Since articles could list more than one data source, we have about 580 data
sources listed in the 495 articles reviewed.
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●
●
●
●

Secondary data of populations such as Census data or Public Health Surveys
by various States was used 25% of the time.
Literature reviews and meta data processing was also used 25% of the time.
Primary data through surveys or interviews was the third most used source at
24% of the time.
Primary data from experiments were used another 15% of the time.

Variables
●
●
●
●
●
●
●
●
●
●

Variables fell into about 120 categories from all the articles reviewed.
The largest category, used 15% of the time, was Mental Health and wellbeing
(which included variables such as depression, anxiety, ADHD, stress…)
The next most used category was Physical health and wellbeing, used about
9% of the time.
Tied with the physical health category was the Built Environment category, also
used 9% of the time.
These results are understandable as these were the main categories of our
scoping review keywords as well.
The next most used category was Access/Exposure/Proximity to Open
Space/Green and Blue space, used 7% of the time.
Physical exercise or physical activity was used 5% of the time.
Level of “greenness/blueness” (different from access to these) was used 4% of
the time.
Socio-demographic characteristics (such as age, gender, income, marital
status) was used 3% of the time.
Social environment (support, cohesion, connectedness, capital) was used 3%
of the time.

Results
●
●
●
●
●
●
●
●

Since results could fall within more than one category, we have a total of 611
results divided into 22 categories.
35% of the results connected green or blue space with better mental health.
15% of the results connected these spaces with better physical health.
19% showed a relationship between the built environment and mental health.
14% of the results mentioned the relationship between the built environment
and physical health.
5% of the results connected the built environment with social health.
Another 4% connected green space with social health/capital.
3% connected environmental factors with overall quality of life.

Limitations
●

450 articles reported limitations that mostly fell within 10 categories.
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●
●
●
●
●
●
●
●
●

The highest mentioned limitation was Methodological limitations, at 20%.
Inability to determine causality, reverse causality or the lack of temporal
connections came in as the second most mentioned limitation at 15%.
The lack of generalizability came in third at 14%.
Date quality, including the lack of its availability was next at 12%.
Subjective measures in qualitative studies were mentioned 10% of the times.
Confounding variables that could not be teased out were at 9%.
Small sample size was mentioned 8% of the time.
Biases such as selection or self-selection were next at 6% of the time.
Search criteria involved in literature reviews were mentioned 4% of the time.

2.1.2 Results from scoping reviews of Neuroscience that applies to
Urban environments
A similar review was conducted of articles scanned from Web of Science, PubMed,
ProQuest and Scopus. A preliminary analysis was conducted to obtain the most
relevant keywords and remove those that were just adding noise, ending up with 89
words, 18 for “brain activity measures” and 71 for “urban environment”. The first search
generated 8,711 articles. Then, we proceeded according to the following steps:
1.
2.
3.
4.

Duplicate’s removal
Exclusion based on Title
Exclusion based on Abstract
Full-text evaluation

We ended up with 19 articles relevant to the scoping review.
The review results were tabulated in an excel table where we extracted the following
information from each article: Year, Objectives, Design, Type of Participant, Sample
Size. Age (Mean, SD) Measurement,
Brain
Regions,
Other
evaluations
performed, Environmental features, Setting, Experiment exposure time, Results and
Results Feedback, Limitations and Limitations Feedback.
This information was then categorized into similar topics/themes. The following points
summarize the main results of this review.

Methods and Background
●

Electroencephalography (EEG) was the primary brain measurement technique,
being used in 58% of the experiments, followed by functional magnetic
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●

●

●

●

●

resonance imaging (fMRI) in 21%, near infrared spectroscopy (NIRS) 16% and
functional near infrared spectroscopy (fNIRS) 5%.
The majority of the studies were either located (or simulating) in Built and
Natural environment representing 68% of the total, followed by Natural
environment at 27%, and Built environment at 5%.
Regarding the experimental setting, 58% were located indoors (i.e., in
conventional lab environments), 37% outdoors, and just 5% were performed in
both scenarios.
Besides the brain measurements, 84% of the studies completed other
evaluations: 79% only had psychological assessments and 21% performed both
psychological and other physiological evaluations, such as heart rate and its
variability and blood pressure.
Among the psychological tests: 31% used the “Profile of Mood States
questionnaire (POMS)”, 25% used the “Perceived Restoration Scale (PRS)”
and the remaining 44% other types of assessments.
The average exposure time for the experiment was 5 min for the indoor settings
and 15 min for the outdoor cases.

Demographics and Study Design
●
●
●
●

95 % of participants were healthy volunteers and only 5% an elderly population.
The average sample size in the experiments (with healthy volunteers) was 36.
Most experiments used predominantly a young sample population (mean was
25.5 years).
Most studies were observational (95%) and only 5% were interventional.

Results
●
●
●
●
●
●
●
●

84% of the experiments found significant differences in the natural environment
influence as compared to the built environment.
Natural environment showed mainly having attentional or restorative properties,
relaxation, and meditative effects.
Most EEG’s studies showed more prominent alpha rhythm pattern (associated
with relaxation) with Natural Environment exposure than with Built Environment.
Even in a nightscape scenario, urban areas were perceived as more fearful.
After an outdoor walking session, participants showed significant enhancement
of their cognitive abilities.
Exposure to the Natural Environment had better responses on other
physiological indicators, such as blood pressure or skin conductance response.
Among the natural environments, blue spaces and mountain landscapes have
shown to have the highest restorative properties.
A more efficient brain network was found during the exposure to a Natural
Environment than to a Urban Built Environment scenario.
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Limitations
●
●
●
●
●

●

●

●
●

In most studies, results’ reliability was also limited by the number of participants.
Some experiments were not controlling external conditions: temperature,
humidity, noise or pollution.
An important constraint was that most of the time only static images were used,
instead of more realistic and dynamic stimuli (virtual reality or outdoor movies).
During indoor sessions, most experiments used a limited type of stimuli – few
landscape types and often without a predefined criterion.
Similarly, for the outdoor sessions, some experiments were comparing only two
locations. In addition, not all the experiments were conducted following a
‘walking on a path’ scheme (i.e., participants were just seated).
Electroencephalography (EEG) appears to be the primary brain measurement
technique used in the experiments, causing a relevant gap for other
technologies (fMRI,NIRS,etc.).
An important generational gap is given by a predominantly young healthy
population: next studies should be more focused on elderly as well as clinical
experimental groups.
Only one study was assigning tasks during the sessions to measure cognitive
abilities.
Few studies were able to compare indoor and outdoor simulations.

2.2 Proposed Conceptual Framework
The proposed conceptual framework for this project takes into account the findings,
limitations and suggested improvements from the literature reviewed and tries to
incorporate these into a proposed framework that address as many limitations and
suggestions for improvement as possible.
The main points for the proposed framework are as follows:
●

The model should be spatially and temporally nested. We should avoid single
geography studies and although we cannot do a longitudinal study, we should
include participants from multiple generations.

●

The model has no one particular start to it as the flow depends on the needs of
the participants, as well as the project.

●

Solutions need to be community-oriented as much as individually oriented.
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●

The

project

should

be

scalable

in

terms

of

individual

level

assessment/measures as well as neighborhood and community level ones as
these would take care of a variety of health needs simultaneously.
●

Needs and assessments should be understood at the intergenerational level
and the intragenerational level.

●

Combining different assessment and measurements approaches leads to
synergy and a more robust product.
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Proposed Conceptual Framework
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3.

Proposed Methodology

The eMOTIONAL Cities project adopts a systems approach, based on natural
experiments and actual problems of selected case-study cities, designed to fully
characterise, and understand the intensity, diversity, dynamism and complexity of urban
health problems and inequalities. On one hand, such an approach fits the problem at
hand – cities are complex networks and population health is itself multifactorial. On the
other hand, as it explores underlying mechanisms and interdependent dynamic
relationships, it is also complementary to more conventional perspectives that tend to
be more descriptive in identifying associations between exposure and the outcomes.
Our research relies on mixed methods, combining qualitative and quantitative
techniques – from data collection to data description, use and interpretation. It
combines multidisciplinary instruments and analytical skills from three main fields:
Urban Planning and Design – including geography and geographic information
systems; Neuroscience – including behavioural and clinical neuroscience; and Data
Science and Technology – including big data analytics, machine learning and VR/AR.
To fulfil the proposed objectives, the eMOTIONAL Cities project is comprised of an
experienced and multidisciplinary team, which capitalizes on deep and diverse
knowledge covering the social and natural sciences. The partners of this consortium
collaborated on previous academic projects and participated together in discussions at
international professional associations or at scientific conferences. We all acknowledge
the importance of a cross-disciplinary approach to fully understand urban health and
the need of objective measurements to provide robust evidence on human behaviour in
that context. As a whole, our consortium brings together diverse backgrounds: a)
geographers and urban planners, with expertise in spatial data analysis,
geocomputation, environmental and gender studies, mobility and urban climate
modelling; b) doctors, psychologists and neuroscientists, dedicated to the study of
neuroscience and mental health; c) engineers with expertise in databases, cloud
computing, Big Data, location technologies and services, neurotechnology, computer
science, machine learning and transportation systems. In addition, we will have support
from other professionals in key sectors, such as: science communication, to raise
awareness and foster community empowerment; and business impact, to conceive a
strategic roadmap based on urban health analytics of geodata for a future Proof of
Concept (PoC) in markets with high potential impact.
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Figure 1. The eMOTIONAL Cities’ methodological workflow.
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3.1 The eMOTIONAL Cities’ main research stages
As the conceptual framework shows, the project works within the Built and Natural
Environment, and acknowledges and understands that various health statuses affect
each other and are affected by the environments that people are in. The project’s
methodology comprises four main research stages that follow the Theoretical
Foundations and Conceptual Framework stage (Figure 1):
1. Geospatial analyses and modelling of urban, socio-demographic, and
health-related data: this stage will be grounded in spatial data analysis of health
(e.g., prevalence of diseases, medical prescriptions or admissions to hospital,
healthcare system), demographic, socio-economical, urban built environment, and
social-media geotagged data. The outcome of this analysis will help subsequent
stages as it will identify areas within the case study cities; capture baseline
spectrum of cities’ (geographical) features helpful to reduce urban health
inequalities; and will be very relevant when considering confounding in further
spatial multivariate analysis. This phase will use learned data from the scoping
reviews and will feed into the neuroscience analysis as well.
2. Based off of information from the scientific reviews and from the geospatial urban
analyses, this phase will conduct indoor and outdoor experiments that feed back
information to the urban geospatial analyses. In this phase, we will conduct
neuroscience experiments in the laboratory and in the real urban environment: we
adopted a (Define)-Plan-Do-Check-Act approach for organising the several
activities of this stage (Figure 2).
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Figure 2. The eMOTIONAL Cities’ neuroscience research workflow.

a. Once the key concepts/definitions are clarified and relevant urban health
questions are generated, a protocol will be developed – to plan our
experimental hypotheses – consisting of appropriate behavioural paradigms
(e.g., facial expression recognition tasks for emotional responses; and
virtual spatial navigation tasks for spatial cognition) and neuropsychometrics
(qualitative and quantitative techniques) to assess the influence of urban
features on individual behaviour. A flexible VR/AR system will recreate
various parameterized urban environments to be used as stimuli for the
paradigms (e.g., performing the same navigation task with different building
types, distribution of green spaces or security elements, different building
architectures, urban forms, light exposure, and terrain relief – slope and
aspect – outdoors materials and surfaces, etc.).

GA 945307
Deliverable 2.2 | Conceptual Framework
August 2021

31 of 43

b. A series of indoor neuroscience experiments (at MSU and FMUL labs) will
follow, using the developed paradigms at the same time as real-time
recordings of brain responses measured through adequate neuroimaging
(fMRI provides precise spatial resolution, despite its low temporal resolution)
and neurophysiological (new high-density EEG technology provides optimal
temporal resolution with a spatial resolution close to neuroimaging; it allows
simultaneous state-of-the-art EEG-fMRI multimodal approaches; and will be
used to complement the signal obtained with the wearable EEG technology)
techniques. In addition, conventional neuropsychological assessment
(cognitive tests and scales for stress, anxiety, and depressive mood), as
well as other relevant physiological (e.g., heart rate, galvanic skin response)
and behavioural (e.g., reaction times, eye tracking and pupil dilation)
measures will provide further evidence of stimuli responses. Our plan is to
fully integrate the indoor experiments (with the outdoor experiments) by
using VR/AR environments and ensuring all data is “virtually geotagged” as
if it were collected in a real city. The goal is to make the data directly
comparable between indoor and outdoor experiments (in terms of spatial
patterns and temporal dynamics). This will increase the predictive power of
both types of experiments and open the possibility for different kinds of
“interventions” such as “replaying” real data back into the virtual reality
experiments, or cross-subject presentation of stimulus (e.g., in indoor
experiments present what was experienced by another subject outdoors).
c. In the outdoor experiments, we will invite adult volunteers to perform
trajectories in the urban environment (with specification from the urban
geospatial analyses) as if moving through a regular working day. During
their interactions with the environment, we will collect spatial (with GPS and
including mobility/transport surveys as well as geotagging on social media),
environmental (e.g., air quality, ambient noise levels, weather), behavioural
(wearable eye tracking, accelerometers, psychological state), physiological
(heart rate, respiratory rate, and galvanic skin response) and
neurobiological (using a wearable EEG device) data. This will be
complemented by qualitative techniques (e.g., interviews), as well as
smartphone-based ecological momentary assessment and mobility and
activity app surveys. These experiments will be carried out in four
case-study cities – Copenhagen, Lisbon, London and Lansing or Detroit (in
Michigan) – with different sample sizes (50 to 250 individuals) and aiming to
generate real-scenario knowledge on the causal relationships between
multiple urban environments and individual behavioural signals. In addition
to the immediate environmental data, we will have available (both in the
indoor and outdoor experiments) the possibility of combining eye tracking
data with an external camera, so that we have access to a geotagged
“egocentric” perspective of a subject in the city. That means for example
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that we can isolate elements in the external environment where the subject
is fixating at any point in time. This could be paired with object recognition
techniques and GPS data to group landmarks and object types in both
space and time, specifically to allow the posing of specific question (e.g.,
when a person crosses a busy road and the traffic light switches from green
to red, are they more likely to run to the other side if the road has two lanes
versus three? How are the subject’s physiological responses at that point?).
Finally, to act directly on the vulnerable groups within cities, we will conduct
a clinical study to show that urban design can impact a cognitively impaired
elderly population.
3. Data fusion of geospatial data on health and well-being with the neuroscience
findings on how urban (built and natural environment) characteristics influence
cognitive and emotional processing.
4. Application of machine learning algorithms to evaluate urban health actions and/or
policies by the discovery of future-oriented urban scenarios.
a. We aim to provide a tool, like the popular game SimCity, and help
policymakers to make more health-oriented policy actions and build future
smart sustainable people-oriented cities, which are more friendly to our
brains, our bodies, and our selves.
b. The combination of (macroscopic) urban built environment, mobility, and
ageing health with individual microscopic neuropsychological models, will
contribute to design and implement a meta-model that will implement a
specific algorithm for scenario discovery (both classical – e.g.: such as
PRIM – and propose new ones – e.g., active learning and Bayesian
Optimization) into a library of algorithms.
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3.2 Inter- and Intragenerational Study with various participants
3.2.1Sex and gender analysis on urban health
Our research incorporates expertise and knowledge from previous and other ongoing
projects and use them to tailor a set of methods for sex and gender analysis across
several stages of the proposal. First, while building our conceptual framework, we
address whether shared preconceptions and practices about sex and gender are
embedded in current urban health concepts and theories. This process will help us
formulate research questions to better investigate sex and gender aspects in our case
studies. Secondly, our geospatial analyses on urban health will deploy a methodology
to identify, measure and map relevant factors intersecting with sex and gender (city and
local socioeconomics, demographics, mobility, and groups at risk). Then, across our
indoor and outdoor experiments we will not only include adults with a gender-balanced
recruitment, including the young and the elderly (and also ensuring similar interventions
and comparable data are gathered), but we will also conduct sex-specific analyses and
compare groups based on socioeconomic factors (e.g. variables such as ethnicity,
nationality, lifestyle, family configuration, social status will be considered) in order to
compare individual behaviour and attitudes in relation to urban features. This approach
reflects the inter- and intragenerational study features identified in the conceptual
framework. Such evidence will allow rethinking current standards and contribute to our
urban health knowledge; ensure better equity assessment with our scenario discovery
approach; and will allow appropriate dissemination and communication.

3.2.2 Clinical study on a vulnerable population
Within the consortium, a small group of members (clinical teams at FMUL and MSU)
will conduct an observational and exploratory clinical study. Our hypothesis is that
spatial navigation in a vulnerable elderly population at risk of developing dementia
could be improved by re-designing the outdoor neighbourhood. Elderly patients will be
recruited from local hospitals fulfilling the diagnostic criteria of mild cognitive
impairment (MCI) that often presents with cognitive or emotional complaints. To note
that despite these complaints, this population is independent on activities of daily living
and could be regarded as a model for studying two major contemporary public health
challenges – aging and dementia prevention. Medical authorities provide lifestyle
recommendations for this condition, but no studies have considered a beneficial role
from specific urban planning and design measures. The study will be observational, in
the sense that it will only measure behaviour and neural signals in this clinical group
while performing a VR/AR spatial navigation task
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3.3 Expected outcomes
The eMOTIONAL Cities ambition is to provide accurate and neuroscience-based
guidance on urban planning to achieve healthier, sustainable, and more inclusive
communities for present and future generations. Our approach aims at joining various
scientific areas of research – natural, medical, and social sciences, aspire highly
relevant outcomes for society, expects to bring challenging questions for researchers,
and will contribute to a paradigm shift in urban planning practice, education, and policy,
which is key to increase reproducibility of the results.
Currently, several research works have been developed regarding the connection of
urban design to both mental and physical health (e.g., the Centre for Urban Design and
Mental Health3, and the effects of New Urbanism on public health4). It is thus of great
importance to further understand how urbanism can affect human health, and how to
fully realise the urban potential by applying adequate policy measures at the city level.
These decisions have direct implications on human health and well-being in urban
environments5. Within this context, eMOTIONAL Cities unique approach will focus on
how urban planning design and policies influence the neural architecture responsible
for processing emotions and decisions, and thus how it improves human health.

3.3.1 Provide evidence for policy making on improved urban health
● Adopt a rigorous scientific methodology – from the fields of psychology and
neuroscience, for a systematic and computational analysis of the cognitive and
emotional processes underlying human behaviour while interacting with the natural
and built environment.

● Provide mechanistic evidence produced by means of laboratory and outdoor
experiments..

● Take advantage of VR/AR technological advances by recreating various
parameterized urban environments to use as stimuli for the indoor and outdoor
experiments.

● Use state-of-the art human neuroscience laboratory techniques to evaluate the
underlying brain activity generated by the exposure to certain urban features.

● Provide statistical evidence on key features of urban patterns, processes and
syntax of space and its associated health benefits/risks.

● Our mixed-methodology recognises that a quantitative approach – despite vital – is
insufficient to address the complexity of urban health issues; by incorporating

3

https://www.urbandesignmentalhealth.com/
https://www.tandfonline.com/doi/full/10.1080/13574809.2018.1554997
5
http://www.euro.who.int/en/health-topics/environment-and-health/urban-health/activities/healthy-urban-design
4
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qualitative techniques our project provides complementarity evidence to inform
policy and practice.

● The multisource evidence derived by our case-studies and real-world experiments
with wearable EEG/EyeTracking/biosensors/MobilityTracking devices is compelling
to decision makers, and will further help translating science to policy and practice.

3.3.2 Improve population physical and mental health in urban areas
● Set up a spatial analysis toolbox for supporting urban environment decision making
by mapping population health and well-being in cities , considering its spatial
relationship with qualitative/quantitative census, subject specific data, the physical
environment, socioeconomic and mobility patterns, stated emotional data and
several public-health and quality of life indicators through big data analysis.

● Performing outdoor population experiments in our case-study cities with wearable
sensors will address the need for empirical evidence for understanding the
relationship between individual behaviour and a variety of physical and mental
health measures, including urban fatigue, stress, anxiety and emotional well-being.

● Our neuroscientific design adopts a brain-as-predictor approach – a method of
using brain activity to predict population behaviour, to examine relationships
between basic social, cognitive, and affective processes and health-relevant
outcomes to reveal how these psychological processes are influenced by urban
environment.

● Conducting a clinical study in an elderly population comparing healthy volunteers
and patients with mild cognitive impairment will have a ground-breaking impact by
validating urban planning and design as a preventive or therapeutic population
health intervention. This validation will allow urban planners and municipalities to
adapt their urban environments to promote more preventive and therapeutic urban
environments.

● Provide evidence-based knowledge obtained through spatial and neuroscience
data that will then be used as baseline relationships for future policy scenario
assessment in different urban settings.

● Machine learning techniques, used to discover optimum environmental features
(urban design, land use, mobility, outdoor comfort, etc) for urban scenario discovery
considering selected physical and mental health indicators will then be showcased
in selected EU city-cases, exploring policy-related actions for improved urban
health.

● On-the-ground partnerships with stakeholders and end-users will be established to
design urban planning solutions that underscore a more people-centred urban
environment and promote urban health, well-being, and people's quality of life.
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3.3.3 Reduce urban health inequalities
● A novel and interactive city mapping framework – based on health determinants
(from WP4) and neuroscience evidence, will allow a better identification and
understanding of inequalities in specific urban areas of the selected cities and those
related to particular vulnerable groups. This will provide better understanding of
spatial phenomena in the selected cities and for different population segments to be
compared and improved.

● Analyse and generate evidence-based knowledge that flag different joint urban and
health features particularly affecting vulnerable groups of people; this will highlight
the features where action needs to be taken for inequality mitigation.

● All experiments will include young and elderly adults, without gender inequality and
a clinical population cohort. Our results will advance our knowledge on the
relationship between gender and environmental impact, considering socioeconomic
and neurobiological factors.

● Our team has expertise and contemplate neuroscience experiments to examine
brain activation related to socially motivated human behaviour; given that
socio-economic disparities are among the strongest predictors for health
inequalities, our mechanistic knowledge on social information processing related to
urban place and space will be relevant for more inclusive and effective actions.

3.3.4Other relevant expected outcomes
● Academic
Our neuroscience-based methodology and the transdisciplinary approach, together
with the partnership between different types of organisations, will impact in urban
planning practice and education. Our outputs are expected to go beyond the
publications, conferences, or other opportunities to promote results in the research
fields. Academia will understand that neuroscience and related technologies – as
VR/AR environments or wearable neurotechnology, will be a catalyst for a new
urbanistic approach, where a new layer – neuroscience knowledge – is added onto
understanding how cities can become resilient from a human perspective. In practical
terms, the evidence-based knowledge generated will foster the following:
●

new interdisciplinary educational or research initiatives at universities (e.g., the
ECOLOGICAL BRAIN Doctoral Training Programme at the University College
of London; Smart Mobility and Data Science study line of Ms CEng in Transport
and Logistics at DTU);
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●

future collaborations on joint courses integrating urban planning, neuroscience,
and machine learning (e.g., through platforms of Massive Open Online
Courses).

● Socio-economic
Although urban planners advocate that they design cities for all, the truth is that cities,
too often, encapsulate areas of social and territorial exclusion. Urban planning is
usually focused on zoning and land use allocation, but sometimes gender blind, age
unfriendly and oblivious to the biological complexity of human perceptions and
emotions. With a rise in studies on the happiness index for cities and countries urban
planners and policymakers are just beginning to grasp this new agenda. Our results will
contribute to:
●
●

●

●

creation of new job opportunities, valuation of transferable skills and career
diversification;
a more gender-aware urban planning and design, by providing neuroscience
evidence on how the built environment differently affects individual behaviour
according to sex/gender differences;
identification of urban features determinant for longevity, as well as for aging
prevention, by using approaches and promotion of translation of knowledge
from basic/clinical settings to urban policy making;
ensure the social and economic sustainability of urban health actions/policies or
healthcare systems, by leveraging machine learning capabilities for planning
and testing.

● Future research/innovation
The proposed data acquisition methodology as well as SDI infrastructure will rely on
Free and Open Source Software (FOSS) model, which can play an important role in
bridging the gap between the Exploratory and Industrial Research (as it promotes a
rapid development and transparency for performance assessment will empower the
scientific/technological impact of the project). Another objective of our project is to
make datasets easy to access and to facilitate interoperability. Thus, our findings will
allow reusability and maintainability of eMOTIONAL Cities beyond the extent of this
project.

● Public engagement
The project contemplates a targeted communication and dissemination strategy. We
endeavour to better explain results and the contribution that our research and
innovation can make to tackling societal challenges; and to involve urban dwellers
better in urban health co-design (agenda-setting) and its implementation (co-creation).
We foresee that the outcomes of the project will be critical for local authorities, social
and cultural associations, mental health associations and business activities. They will
be able to use the eMOTIONAL Cities outcomes for developing happier, healthier,
sustainable and equitable cities; addressing target/vulnerable population by
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encouraging more social inclusive practices and effective decision-making in urban
design and planning. Moreover, city representatives and corporates seeking to create
an attractive and productive urban environment will have the opportunity to design and
plan the space and its surroundings from a human biological perspective. Finally, we
also expect potential for improving the quality of care, inform allocation of health
resources and the performance of health systems in general6.

● Business
Our project takes into consideration the importance of research synergies, by following
H2020 actions aimed at a market up-take/commercialisation based on innovative
health data. The research challenge will be achieved through full compliance with a set
of key-tasks, such as market identification, stakeholder engagement, KPI’s
definition/monitoring, IPR management and market selection/roadmap. Thus,
eMOTIONAL Cities has exploitation commitments beyond the project that could
strengthen the competitiveness of many companies and provide opportunities with a
high potential for commercialisation and/or sustainability, through access to novel
knowledge on urban health/well-being as well as evidence for supporting technological
products that foster the study of user experience of cities/buildings. There are many
markets and new and business/start-up opportunities that could be affected by our
findings, such as: the real estate market, insurance business, location services, city
service providers, and transport/mobility companies and tourism (e.g., one of our
partners have already had contacts for the application of our emotional assessments
with architecture companies specialized in healthy buildings and with a local tourism
association).

6

https://ec.europa.eu/health/state/summary_en
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4.

Conclusion

This document has laid out the work conducted within a work package that entails the
following elements:
1. Conducting a scoping review of literature within the Urban Environments,
Neuroscience, and Health fields so that the project may be based on known
research and be able to effectively add to it. The scoping reviews have
identified theories used in research within the realms of this project, variables
that have been typically used, results, and limitations. Knowing the strengths
allows the project to build upon strong indicators, while knowing the gaps and
limitations allow the creation of a conceptual framework that best addresses
them.
2. Following the scoping review, the document presented a conceptual framework
developed for the project. This proposed framework highlights the need for the
project to be nested and scalable, be individually and community oriented, be
understood at the intergenerational and intragenerational levels, and finally
include various measures and assessments for a more robust study.
3. The next chapter outlined the proposed methodology to be adopted in this
project. The highlights of this chapter include the breakdown of the work into
“work packages” that flow in a synergistic manner and learn from, and inform
each other. The main stages that are proposed for this project (following the
work done on the Theoretical and Conceptual Framework undertaken in this
work package or step in the project) include Spatial Analyses and Modeling of
various urban environments and known impacts on mental health, Indoor &
Outdoor Neuroscience Experiments that test responses to various urban
environments, Data Fusion of the neuroscience experiments and spatial
analyses and modeling to create a holistic view of the two separate fields, and
finally, an application of Machine Learning algorithms to evaluate future-oriented
urban scenarios. The methodological processes also outline how vulnerable
population and those from various generations will be included in the study.
4. Within the methodology framework, we have also presented a set of expected
outcomes that include Policy implications, improved physical and mental health
in urban areas, and reduction in health disparities associated with urban
environments.

The work proposed in this document will be used as a guide throughout the project
lifecycle and will also be updated and revised throughout the project duration so as to
result in a final framework and methodology used to generate the results at the end of
the project.

GA 945307
Deliverable 2.2 | Conceptual Framework
August 2021

41 of 43

