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Foreword from the Chair of
the Property Research Trust
We are all affected by the physical environment in which we live -  not just the buildings that
we inhabit, but our wider surrounding; the roads and pathways, green and open spaces and
our waterways. All these help to shape our behaviours, our moods and thinking, and can
have profound impacts on our health, well-being and sense of security. Also, if they are
welcoming and well-designed they can have a positive influence on how physically active we
are. City and local governments around the world have long been aware of this, and many
have invested in initiatives such as pocket parks and urban greenways to improve their
residents’ experiences of, and hence participation in, the outdoor world.

Unfortunately, the evidence base on how people respond to such developments is not as

rich as it should be, partly because of difficulties in collecting the necessary information in

ways in which those approached will engage openly and constructively. This paper, by a

cross-disciplinary team of academics, is therefore very welcome, utilising as it does a

newly-emerging research methodology—Walk along and Cycle along—and setting out some

of the insights gained. The method has succeeded in gaining results which will be of use to

spatial planners and developers to guide future initiatives, and so help residents to live

potentially healthier, happier lives. I am delighted that the Property Research Trust was able

to fund and now publish this research.

Sarah Sayce
Chair
Property Research Trust
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Key points

● Physical inactivity is a risk factor for numerous chronic diseases, and a

mounting global health problem.

● It is likely that the outdoor physical environment, together with social

environmental factors, has a tendency to either promote or discourage

physical activity, not least in cities and other urban areas.

● However, the evidence base on this is sparse, making it hard to identify

the best policy interventions to make, at the local or city level.

● This study seeks to assess the impact of one such intervention, the

Connswater Community Greenway CCG), in Belfast, in Northern Ireland,

UK.

● To do that it uses innovative methodologies, such as wearable sensors

and video footages, to improve our understanding of the impact of the

CCG on local residents.

● We call this research approach ‘Walk-along and Cycle-along’.

● The findings suggest that four characteristics of the CCG affect people’s

activity and the benefits that the CCG created. These are physical factors,

social factors, policy factors and individual factors. Each of these has

many elements, with different impacts on different people using the

greenway.

● The benefits are also diverse, including improving social bonds and

mental health as well as physical fitness.

● Evidence such as this help local and city governments identify what

characteristics of interventions, of which the CCG is an example, are most
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likely to improve people’s well-being, and what potential barriers or

difficulties to avoid.
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Executive summary
Physical inactivity, a risk factor for

numerous chronic diseases, is a mounting

global public health problem.  The WHO

estimates that 3.3 million deaths each

year are attributable to insufficient

physical activity, making it the fourth

leading underlying cause of mortality.

Both the physical built environment and

social environmental features are likely to

facilitate or constrain physical activity. The

provision of footpaths, pedestrian

crossings, segregated bicycle facilities on

major roads, traffic signals for pedestrians

and bicyclists, and traffic-calming

approaches, are all known to increase

physical activity. In contrast, car

dominance, the absence of

activity-friendly infrastructure, and

restricted access to green and public

spaces, are barriers to physical activity.

Factors in the social environment that

influence physical activity include those

related to perceptions of safety, violence,

and social disorder in general, and more

specific factors related to the type, quality,

and stability of social connections,

including social cohesion, trust, social

support, social participation, and social

capital.

However, most of the evidence for the

health benefits of environmental

interventions stems from small,

short-term quasi-experimental or

cross-sectional observational studies, and

to a lesser extent from longitudinal

observational studies. The evidence from

intervention studies is sparse, and

knowledge of the effectiveness of

environmental interventions or policies

remains limited by a lack of evaluation

evidence. Thus, it remains a challenge to

identify and implement specific

environmental interventions that are likely

to have the most significant impacts on

physical activity in individuals or

populations.

The purposes of this study are two-fold.

First, we explore the influences of

individual, community and environmental

factors on physical activity, as

hypothesised in ecological models.

Specifically, we describe and assess the

impact of an urban greenway, the

Connswater Community Greenway (CCG),

in an area of high deprivation in Belfast, in

Northern Ireland, UK.

Second, we investigate the value of

innovative methodologies such as

wearable sensors and video footage

towards developing an improved

understanding of the direct and indirect

health benefits of an intervention such as

the CCG.

Our interdisciplinary study crosses

traditional boundaries between broadly

defined fields representing health,

including public health, exercise science,

and behavioural sciences; city planning,

including travel behaviour, land use

planning and urban design; and parks,

recreation, and leisure sciences. We
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demonstrate the feasibility of assessing

the impact of an environmental

intervention in real-time, using emerging

technologies, and we discuss how this

information can guide decisions about

what must change in order to create

healthy and sustainable cities.

Central to our research was the use of

‘Walk-Along and Cycle-Along’ techniques

whereby we arranged to interview people

while they were walking or cycling

through the greenway. This meant that

their responses to our questions were

directly affected by the experience of

being in the environment, rather than

being garnered subsequently in the very

different conditions of an interview room.

We used modern wearable technologies

to capture people’s experiences of the

greenway, alongside recording their

words, so that we could assess how one

shaped the other.

We see this as a vital complement to

another technique, that of analysing ‘Big

Data’, which also has a role to play in

shaping how initiatives such as the CCG

are designed or remodelled.

Several key results with regard to the CCG

emerge from our work. Our analysis
suggested that the characteristics of the
greenway affected people’s use of it in

four broad ways, which we have labelled

physical factors; social factors; policy

factors; and individual factors. We take

them in turn.

Regarding physical factors, the CCG

walkways and cycle paths were the most

commonly used physical activity areas,

while participants with younger children

preferred play parks and green spaces,

easily accessible and near their homes.

Participants emphasised the supportive

features that made it possible for

pedestrians and cyclists to co-exist in the

same space. At the micro-scale, good

lighting in the evening and at night and

availability of wide, even surfaces and

pathways were important issues for

cyclists. Participants appreciated pleasing

views of the blue and green spaces along

the CCG and the simple pleasure of

experiencing wildlife in an urban situation.

However, risks from traffic and perceived

safety were key concerns among several

residents, with many commonly-reported

barriers to physical activity, including for

example fear of collisions between

pedestrians and cyclists perceived lack of

safe street crossings, and concerns over

the attitudes of car drivers towards

cyclists and pedestrians and the need to

educate different users of the greenway

including cyclists and dog walkers. More

positively, participants appreciated the

development of new hotels, restaurants,

heritage and tourism trails that have

attracted visitors and created

multicultural, vibrant spaces.

Regarding social factors, participants

described the greenway as a catalyst for

meeting new people and improved social

interaction. The greenway was perceived

as a place that attracted new people and

enriched the local community. While

personal goals or desires were achieved,

community building and increased social

capital also emerged. Individual and

community benefits, improved health, and

social resilience were reported as key

outcomes. Participants also appreciated
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the social and cultural events organised by

the CCG leadership team, which helped

residents to develop social bonds. Activity

along the CCG and the presence of other

people provided participants with a sense

of security and older adults expressed a

feeling of nostalgia and a sense of feeling

at home along the CCG while being

around various age groups.

Where policy factors were mentioned,

participants were critical of local civic

authorities for prioritising parking and

motorised traffic in planning regulations,

while neglecting the needs of other

vulnerable road users. Threats from

motorised traffic, and lack of priority given

to pedestrians and bicyclists in local

planning policy, emerged as key issues.

Some interviewees emphasised individual

factors that affected their active travel

along the greenway, including parameters

such as commute times, destination

distance, route convenience, weather, and

the time of day, and also health including

mental health. Differences were observed

between participants who were

experienced cyclists and used the bicycle

for daily commutes to work, in

comparison with others who only walked

or cycled for recreation and leisure

purposes.

Some participants who cycled to work in

areas without defined or segregated cycle

lanes expressed safety concerns and said

they tended to avoid peak traffic hours.

But several participants reported

improved physical and mental health, and

some shared that the segregated, safe

greenway paths were supporting their

recovery from illness and contributing to

better mental health
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1 Existing research base &
policy agenda

1.1 Evidence on the importance
of activity to health

Levels of physical inactivity are rising

worldwide and are estimated to be the

principal cause for 30% of chronic or

non-communicable diseases such as

obesity, diabetes, cancer and

cardiovascular diseases.4, 14 Public Health

England estimate that physical inactivity is

responsible for one in six deaths in the UK

(equal to smoking), and is the

fourth-largest cause of mortality. Inactive

lifestyles lead to increases in healthcare

expenditure, productivity losses and

reduced quality of life.5 The consequent

economic burden imposed by physical

inactivity on society is considerable.

Physical inactivity is estimated to cost £7.4

billion annually, including a direct

expenditure of £0.9 billion incurred by the

National Health Service, causing a

considerable financial public health

burden.5 Around 1 in 3 (34%) of men and

2 in 5 (42%) of women are not active

enough for good health, and people with

disabilities or long-term conditions are

twice as likely not to be active enough for

good health.5, 6 The UK population is

around 20% less active than in the 1960s,

and if current trends continue, it will be

altogether 35% less active by 2030.4

Walking and cycling are recommended

forms of moderate-to-vigorous physical

activity that can serve as means of travel

to substitute for short car trips and are

feasible ways for people to incorporate

regular physical activity into their daily

lives. The use of public transport usually

involves walking or cycling to and from

transit stops and can contribute to overall

physical activity. The promotion of

walking, bicycling, use of public transport,

and other non-motorised means of travel,

collectively referred to as active travel or

active mobility, is a key strategy to

increase physical activity.15 Active travel

can be incorporated into people’s daily

routines, and can therefore be more easily

adopted and maintained than other forms

of physical activity.16

Active commuters tend to achieve greater

levels of physical activity than those who

use cars.17 Active travel can also bring a

range of environmental, economic and

social benefits by alleviating the effects of

air pollution caused by vehicular traffic,

reducing traffic-related injuries and

mortality rates, encouraging social

interactions and promoting good health.16,

18, 19 Scientific guidelines issued by various

international organisations such as the

United Nations and the World Health

Organisation have recommended

increasing physical activity as a key

strategy for reducing the impact of

non-communicable diseases, with
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modification of the built environment to

support physical activity as an important

focus area.1, 20

1.2 Evidence on activity-friendly
neighbourhoods
A growing body of research has

established that walkable, activity-friendly

neighbourhoods promote healthy living

patterns.21, 22 Studies have demonstrated

that individuals in more walkable,

mixed-use, and transit-accessible

neighbourhoods tend to walk or bicycle

more and have a lower likelihood of

obesity than those in

automobile-dependent

neighbourhoods.23, 24 Walkable

neighbourhoods depend upon an

appropriate integration of land use and

transportation infrastructure, including

higher densities, a mix of residential and

commercial land use, connected systems

of footpaths (sidewalks), bicycle lanes,

greenways, and public transit.7, 9 Mounting

research evidence also suggests that

dense, walkable settlement patterns are

an important strategy to respond to the

challenges of sustainable development

given their tremendous potential for

reducing automobile travel and lowering

greenhouse gas emissions.25

Many features of the built and social

environment can facilitate or constrain

physical activity. Footpaths, crosswalks,

protected bicycle lanes, the availability of

bike storage, and access to public

transport make it easier for people to

have active commutes.7 Similarly, access

to public transport is linked to increased

physical activity since it gives people a

chance to walk to and from a train station

or bus stop.26 An essential aspect of

walkability is having local shopping areas

near the places people live and work. The

presence and proximity to shops, essential

services, and amenities are positively

correlated with the probability of

residents walking or cycling.27 Parks,

playgrounds, and other urban green and

blue spaces are also proven to improve

mental health and well-being by reducing

stress, stimulating cognitive function,

enhancing social cohesion, and supporting

physical activity.28

The social environment has also been

examined in relation to physical activity.

High crime rates, antisocial behaviour,

personal safety concerns, risk of traffic

injury, and limited public transport

infrastructure (poor street access, number

of roads to cross, traffic density/speed)

are related to decreased levels of physical

activity.29, 30 Signs of social disorder such as

litter, broken glass, unkempt grass, poor

lighting, or lack of recreational equipment

in playgrounds and parks are negatively

associated with physical activity.31-33

Variations in perception of safety across

different age groups have also been

documented. For example, older adults

may be less likely to go to an area because

of uneven footpaths or roads that are

perceived to be dangerous for those with

reduced mobility or a decreased ability to

react to danger.34 Others may associate an

area where youths display antisocial

behaviour as unsafe, while the youths

themselves may see it as a fun area to

‘hang out’.35 These perceptions of the built

environment may be subjective—some

may find a park peaceful and tranquil,
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whereas others may avoid the same area

because they perceive the space to exhibit

high noise levels.36

The environment impacts both individuals

and whole communities. Environmental

interventions have been recommended

worldwide for physical activity promotion,

because they can influence large groups

and result in population-wide change.37

Such interventions include the provision

of cycle infrastructure, the

pedestrianisation of streets, or the

creation of local parks which create or

improve active travel routes.

1.3 Methods of collecting the
evidence: big data & city
planning
Any policies that involve changing the

environment to increase population-level

physical activity should ideally be based

on evidence-based data and precise

measurements.38 Much of the existing

evidence for health benefits of urban

interventions stems from small,

short-term quasi-experimental or

cross-sectional observational studies, and

to a lesser extent longitudinal

observational studies, but the evidence

from intervention studies is limited.13 To

date, studies seeking to quantify how

features or changes in the environment

impact physical activity have employed

extensive in-the-field observation, often

providing a limited view of behaviours at a

specific point in time.39 Objective,

real-time assessment of environments

where physical activity occurs is

challenging, due to methodological

weaknesses and data gaps.

In recent years there has, however, been a

surge in the use of big data to analyse

complex urban planning problems and

improve decision-making.40 Although the

term ‘big data’ is relatively new, its origin

dates back to the 1960s and 1970s when

the first data centres were established. Big

data is defined as a collection of large data

sets that require advanced methods of

analysis and efficient processing of large

heterogeneity of information.41 Big data

includes more extensive, complex data

sets, especially from new data sources.

A growing body of research uses digital

city models and metrics to calculate and

quantify different aspects of urban form.

New data technology offers numerous

opportunities to measure complex urban

environments efficiently.42 Current

applications of big data in urban planning

have provided enhanced insights into

public behaviour and citizens’ needs via

space-time information. Big data has

become essential for providing additional

information, usually not covered through

traditional data collection methods. For

example, online surveys, imagery

databases and mobile apps can be

ground-breaking for understanding the

relationship between the environment,

physical activity, travel behaviour and

effects on people’s lifestyles.39

Technological advances in the capture and

storage of data affect our potential to

monitor both human behaviour and the

environment, thus providing possibilities

to track and triangulate diverse data sets.

Recent studies have explored the

potential of big data integration with

sustainable transport planning policies
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and applied big data analytics for

real-time monitoring of transport

systems.43-45 Researchers have investigated

the impact of walking and cycling

infrastructure using publicly accessible

data from web cameras, GPS and

bike-sharing programs, mobile apps, social

media data and Google Street View.45, 46

Studies have also used big data to analyse

features such as streetscapes, greenery,

lighting, and the impacts of environmental

factors on residents’ physical activity.47

However, there are some challenges.

Studies analysing user-generated data, for

example, pedestrians and cyclist counts

from one big data source such as social

media or tracking devices, are limited in

accuracy as they do not adequately

connect physical activity to the

environment.48 The environmental context

where behaviour is performed strongly

influences habit formation, yet few studies

capture user perceptions, emotions and

characteristics about their behaviour in

the physical setting.49 Most of the studies

on physical activity are quantitative and

do not capture the real-time lived

experience of users. Key variables linking

physical activity and socio-demographic

conditions may not be fully represented

when referring to information from one

data source. Big data can fill these gaps,

and improve accuracy by supplementing

details that cannot be solely obtained

from traditional qualitative and

quantitative research methods.

1.4 Wearable technologies to
track urban mobility
It can reasonably be argued that big data

sources need to be combined, both with

geodata (e.g., land-use, terrain

morphology), and with self-reported

information and sample information,

based on surveys and interviews, to better

support users and inform planners and

policymakers.46

To date, the vast majority of research on

built environment exposures has used

either self-reported instruments or census

data. Studies seeking to quantify how

features or changes in the built

environment impact individuals’ health

behaviours have employed extensive

in-the-field observation. However, these

methods provide a limited view of

behaviours at a specific point in time, their

context, and how each changes as a

function of the environment.39

Researchers have therefore called for

systematic, comprehensive measures and

methods to quantify the impacts of built

environment features on human health.50

The advent of new technologies such as

webcams, live video streaming, social

media, and crowdsourcing may address

this need, by offering new opportunities

to obtain geospatial data about

neighbourhoods that may circumvent the

limitations of traditional data sources used

in urban planning research.50, 51

Over the last five years, the use of

wearable technology, comprising devices

whose embedded sensors and analytic

algorithms can track, analyse and guide

wearers’ behaviour, has increased.

Although people have long used simple,

analog devices to record, reflect upon and

regulate their bodily states and processes

(for example, diaries, scales, wristwatches,

thermometers), we are witnessing a
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dramatic rise in the use of digital

technology to self-track.52 These new

technologies offer the opportunity for

real-time surveillance and monitoring of

human behaviour, with significant health

promotion and evaluation potential.

Wearable devices can be divided into

head-mounted and bodily-placed

devices.53 Head-mounted devices are

visual systems that enable hands-free use,

and are currently used in surgery,

healthcare simulation, education, and

navigation for partially sighted people.53

Bodily-placed instruments can be either

wearable or portable. Wearable

technologies include pedometers,

accelerometers and GPS monitors that

measure energy expenditure, movement

patterns, physical activity levels and

geolocations.54 These devices are

equipped with sensors that can detect

human physiological statuses, such as

heartbeat, blood

pressure, body temperature, and complex

vital signs (e.g., electrocardiograms).55

These modern devices are lightweight,

small in size, and wearable on users’

wrists. Consumer products from vendors

such as Apple, with their Apple Watch,

and Fitbit with their line of fitness bands,

have become increasingly commonplace.

With the introduction of these and similar

devices, wearable sensors have become

not only unobtrusive but a regular part of

daily life for many people.56

These new technologies can also be used

for research purposes. Researchers have

employed wearable sensors and cameras

with GPS devices to closely examine the

relationship between physical activity and

the built environment.57 To best examine

which properties of the built environment

have the strongest influences on walking

and cycling, wearable tracking devices can

aid in tracking and quantifying human

behavioural patterns in real-time.55
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2 Applying new research
methods in Belfast
The purpose of this study is two-fold.

Firstly, we explore the concurrent

influences of individual, community and

environmental factors on physical activity,

as hypothesised in ecological models of

behaviour. Specifically, we describe and

assess the impact of an urban greenway in

a deprived region of Belfast (Northern

Ireland, UK) to inform future

interventions, and city planning policy.

Secondly, we investigate the value of

innovative methodologies such as

wearable sensors and video footage to

provide an understanding of the direct

public health benefits of this systems-level

intervention, and related co-benefits in

the environmental and socio-economic

sectors. We also document policy barriers

and facilitators of active travel along the

greenway intervention.

2.1 The Connswater Community
Greenway
The Connswater Community Greenway,

http://www.communitygreenway.co.uk/,

(CCG) is a major inner-city urban

regeneration project in Belfast, in

Northern Ireland. In November 2007,

EastSide Partnership, a local community

organisation dedicated to the

redevelopment of East Belfast, secured

funding totalling £40m for the

development of the CCG from the Big

Lottery’s Living Landmarks programme,

along with other funding from local

government departments and the local

city council. The original intention was for

a three-year design-and-build project,

with construction commencing in 2010.

However, legal and contractual issues led

to several substantial delays in the

development of the CCG. Construction

was completed in April 2017, and the CCG

was opened officially in September 2017.

Specific aspects of the regeneration

include: the creation of a nine km urban

greenway along the course of three rivers

(Connswater, Knock and Loop rivers), 16

km of new or improved foot and cycle

paths, 5 km of remediated water courses,

development of a new civic square,

development of eight tourism and

heritage trails, 23 new or improved

bridges or crossings, 22 new signage

points, installation of public art and

sculptures, 13 hectares of upgraded parks,

two multi-use outdoor play areas and two

new public toilet facilities. A wildlife

corridor was also created, following

extensive landscaping and biodiversity

enhancement efforts.

Due to decades of underinvestment in the

area, the open spaces alongside the rivers

were previously underused, inaccessible,

unsafe and disconnected from the

communities. The CCG has created a safe

and welcoming public space for residents

and visitors to East Belfast. It offers

enhanced physical activity and outdoor

recreation opportunities through an

interconnected network of parks, green
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spaces, pedestrian and bicycling

infrastructure. The safety of the area was

improved through CCTV cameras and 24

hour-a-day lighting, making it the first

urban green space available 24 hours a

day in Northern Ireland. Around 100,000

people living adjacent to CCG benefit from

the CCG through new opportunities for

physical activity, active travel, recreation,

supporting a healthier lifestyle and a

better living environment.

Community engagement, participation

and provision of volunteering

opportunities were key elements in the

development of the CCG. The local

community was involved in the naming of

local bridges. Several community

interventions to promote physical activity,

ranging across the individual, community

and environmental dimensions, were

implemented. Education officers were

employed to engage the schools and

colleges near the CCG. To date, park

wardens and greenway leaders have

encouraged residents to be involved in

maintaining their local section of the CCG.

Social engagement and CCG promotion

activities and events have also occurred,

in parallel with physical changes to the

intervention site.

This engagement was aimed at providing

individuals with a sense of community

ownership to the place. Overall, the CCG

regeneration project has delivered

environmental and socio-economic

benefits by creating vibrant, attractive,

safe and accessible parkland for leisure,

recreation, community events and

activities.

2.2 Methodological innovation:
walk-along and cycle-along
interviews
The development of the CCG provided an

opportunity to evaluate the public health

impact of a major urban regeneration

project in Belfast.58 For this project we

examined the impact of this systems-wide

community intervention on physical

activity using novel technologies such as

wearable sensors and video footage.

Walk-along and cycle-along interviews

using body-worn video cameras were

conducted with residents to elicit

responses during a journey along the CCG.

These walk-along and cycle-along

interviews provided a real-time, in-situ

method of recording participants’

experiences along the CCG.59

Walk-along and cycle-along interviews

allow us to fill the gaps in knowledge that

other forms of interviewing may not be

able to offer.34, 59 They allow the

researcher the opportunity to study an

area with specific social, cultural or

historical context, and generate definitive

information regarding environment and

health that is dependent on a variety of

theories and formats, each

complementing one another by one’s

strong points overcoming another’s weak

points.

In framing our research, we recognized

that it is plausible that in-person

walk/cycle along interviews may be biased

by the researcher’s presence. In our study,

remote recording using video cameras

therefore allowed participants to choose

their routes independently, thus providing

Property Research Trust 17



a truer picture of their experience in the

environmental context.

This novel format of walk-along and

cycle-along interviewing, also a form of

physical activity, was the core research

tool in this study, underpinned by the

reasons described above. It allowed

participants to observe and comment as

they responded to various stimuli and

factors in their immediate environment.

Using semi-structured interviews, we

further explored how and why these

environmental factors may influence the

levels of physical activity of an individual,

and why they chose a particular route

along the CCG. Video recordings of

journeys were used to facilitate these

interviews with predetermined questions

and a few improvised questions that

varied depending on what the participant

experienced.

2.3 Sampling and data collection
The study area for this project was defined

as 22 electoral wards in the political

constituency of the CCG, with a total

population of approximately 87,500

residents. Seven of the wards are within

the top 25% most deprived wards in

Northern Ireland, as determined by the

Northern Ireland Multiple Deprivation

Measure.60

Between June 2019 and February 2020,

participants (n=25) were recruited using a

convenience sampling approach.

Information about the study was

distributed through flyers, social media

and the CCG mailing list, requesting

interested individuals to contact the

research team for more information. A

description of the project was provided to

interested and eligible participants.

Eligibility criteria for participants included:

(i) aged 18 years or above, (ii) able to

converse in English, (iii) able to walk or

cycle for 30-45 minutes, and (iv) no visible

signs of cognitive impairment.

An appointment to meet the researcher in

a designated location along the CCG was

made with individuals who agreed to

participate. Participants provided written

consent and agreed to participate in the

walk-along or cycle-along. Study

procedures were approved by the

Research Ethics Committee at Queen’s

University Belfast, UK (reference number

EPS 19_180).

Study participants ranged in age between

22 and 75 years (median age = 46 years),

of which half (50.5%) were female. Key

themes on the role of the environment for

physical activity emerged through the

process of inductive analysis. Participants

discussed the benefits of urban green

spaces, park quality and barriers to active

travel. Experiences of the CCG varied

among regular users, compared with new

visitors who were unfamiliar with the

area.

Although the journeys were unique to

participants, there were many similarities

in the participants’ perceptions of built

environment features. Some constraints

were unique to individuals, but a majority

were shared by participants. Notably,

safety was perceived differently among

the participants.

Each interview consisted of two stages,

both of which were audio recorded.

During the first stage of the interview,

participants were asked questions that
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assessed demographic characteristics,

frequency of visits to local public spaces in

a usual week, duration of visits, and types

of physical activities normally performed

in those spaces. In the second stage,

participants completed walking (n=12) or

cycling (n=13) journeys along the CCG.

Participants selected their own routes and

used a body-worn or bicycle-mounted

portable digital video camera (GoPro

HERO 3+ camera) to record the journey.

This camera provided a high-quality,

three-dimensional video of participants’

journeys. The camera was only pointed at

the surrounding area and was not used to

record the participants’ facial expressions

or reactions.

After the walk or cycle ride, the recorded

video was replayed to the participants. A

semi-structured interview was conducted

with each participant, using an interview

guide developed for this study consisting

of open-ended questions that encouraged

participants to speak freely about what

they felt was relevant and important in

terms of their journey along the CCG.

The interviewee adopted a conversational

style. The interview guide was used to

navigate the conversation, with questions

on perceptions of the built environment,

quality of the greenway, neighbourhood

parks and playgrounds, travel behaviours,

choice of route, and social interactions

with the community. Interviews were

conducted during daylight hours and

under good weather conditions, with each

interview lasting between 55 to 75

minutes (mean=62 minutes). The routes

(mean=1.5km) were determined by the

participants and took place in plain sight

along the main walking or cycling paths of

the CCG, avoiding hidden or sheltered

areas (e.g., densely planted paths, forest

areas).

This qualitative study employed a

grounded theory approach to estimate the

sample size. Theoretical saturation of data

was used as a parameter to determine the

number of participants required for a

detailed analysis.61 There are no fixed

sample sizes or standardised tests to

estimate the amount of data needed for

achieving saturation.62 In this study,

theoretical saturation was achieved where

no new information, concepts or themes

were emerging from the data.

2.4 Analysis
Audio recordings of interviews were

transcribed verbatim and anonymised,

and their accuracy double-checked by two

members of the research team. The

analysis was carried out through inductive

thematic coding.61 A nested coding

structure was developed by the research

team, and data was categorised into key

themes by identifying and interpreting

emerging patterns of meaning or common

constructs within the qualitative data.63

All interview transcripts were analysed

and independently coded by two

members of the research team for

consistency.

The coding structure was validated with

the wider research team to refine and

agree on codes, and ensure the validity of

themes emerging from the data. This

process was used to resolve any

disagreements and reach a consensus for

coding and data analysis. The coding was

conducted alongside the video footage of
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the journeys. Images from the videos

were saved to capture the context for

comments and added alongside the

coding structure. Privacy was upheld

throughout the data collection process,

and images did not capture identifiable

features of participants.
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3 Results
Four broad regarding how the

characteristics of the greenway affected

people’s use of it emerged from the data:

(1) physical factors; (2) social factors; (3)

policy factors; and (4) individual factors.

We take them in turn.

3.1. Physical factors
The CCG walkways and cycle paths were

the most commonly used physical activity

areas. Participants with younger children

preferred play parks and green spaces that

were easily accessible and near their

homes. The design and layout of the

cycling and walking infrastructure and

microscale street features were discussed.

Participants emphasised the supportive

features that made it possible for

pedestrians and cyclists to co-exist in the

same space. At the microscale, good

lighting in the evening and at night and

availability of wide, even surfaces and

pathways were important issues for

cyclists:

“It's a lovely space, big wide path around

it now, which can comfortably

accommodate cyclists and pedestrians, so

feels very safe.” (Male, age 65)

“That bit we just looked at the video that

would be more what I would come here

for leisure on a Sunday with a family or

every Saturday come down, would come

down this way to go to the park. It's not

the quickest way but we do it because it's

scenic.” (Female, age 31)

“I like this bridge especially at night and

because it's well lit up, so this is real kind

of attraction and a safety feature. You

don't feel like you're going to hit a

pedestrian.” (Female, age 28)

“I think because it is lit, it is flat, and it is

open. You don't feel claustrophobic in the

space or again you don't feel vulnerable in

the space.” (Male, age 48)

Participants appreciated pleasing views of

the blue and green spaces along the CCG.

The rejuvenated parks, rivers and

woodland areas offered the simple

pleasure of experiencing trees, birds,

squirrels, and other wildlife in an urban

situation:

“Wonderful again, because you're seeing

the city, you're seeing the water, you're

seeing the reflections, and if you look to

your right, you're seeing all the boats. So

really pleasant, feels spacious with the

Odyssey building [a sports and

entertainment complex] on your left. It's a

nice, pleasant approach to the city centre

and the new bridge.” (Male, age 52)

“It really does feel like you're almost in the

countryside here.” (Female, age 66)

“It is green, I mean there's no wildflowers

or anything particularly of interest along

the side. It's pleasant enough but possibly

it could be sort of more wildflowers… I

really like the path, they've just cut the

grass and I noticed that, so you know
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possibly they could have let the grass grow

a bit wild and got some more wildflowers

and see wildflowers later in the park which

are really dramatic.” (Female, age 45)

“I did notice that it was going along, so

you do hear some birds, bird song and

things which is really nice, does give you

the feel that you're actually, you know in

the countryside in a nice rural setting.”

(Male, age 71)

“Along here is nice...something really

exciting about it. There's just trees and

stuff. Get a couple of squirrels every so

often.” (Female, age 56)

Some participants acknowledged the role

of nature as a motivating factor to visit the

greenway often and engage in physical

activity:

“I think it's quite nice. And then there is

lake here, and I saw some swans there, it

is very lovely to see some wild animals in

parks. And you can see the kids play with

the birds...it's very nice park and in

summertime I know this park is really

beautiful. You can see the swans and

pigeons. It's not very frequent to see these

animals in parks in Belfast. So maybe that

would be a motivation for me to visit this

park again.” (Female, age 48)

However, risks from traffic and perceived

safety were key concerns among several

residents. Lack of safe walking and cycling

infrastructure (e.g., safe footpaths,

crossings) and street lighting were

commonly reported barriers to physical

activity. Cyclists experienced difficulty in

safely navigating a narrow poorly lit

section that goes through a tunnel shared

by cyclists, walkers and cars, and

expressed concerns about visibility and

street lighting:

“An issue I have with this part coming into

the tunnel is that you really risk getting hit

by a car because as the tunnel is really

long and very dark you can't see out.”

(Male, age 33)

“The tunnel is a bit awkward. It's hard to

see who's coming through the tunnel. On

the way out, it's evident cars coming down

and there's also some pedestrians in the

tunnel so trying to manoeuvre around a

car and pedestrians in the tunnel.”

(Female, age 41)

“Challenge is really going into Victoria

Park because you've got a tunnel, so you

do have to be careful particularly if you

are with a group, you have to look out for

the traffic, the visibility going into the park

is a bit of a blind corner, dark in the tunnel,

and it is not lit.” (Male, age 44)

In contrast to sections that had wide

footpaths, fear of collisions between

pedestrians and cyclists was a concern in

areas where cycle lanes and footpaths

were not well-defined or segregated and

the width of the footpath was narrower.

Selecting a safe gap in which to cross in

front of oncoming traffic was a challenge

for cyclists at some street intersections:

“This is particularly a bad area now, from

a cyclist point of view, because that not

really thought out how best to cross here,

now there's a new road going in, and we

hope that they'll improve this crossing.

This is again a safe wide footpath. You just

need to be mindful that there's traffic

about, and traffic cutting in here. So, good
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sign to let you know you're on a route for

pedestrians and cyclists.” (Male, age 52)

Another cyclist expressed concerns about

the lack of safe street crossings and the

layout of streets:

“I think that Belfast is not very well

designed for cyclists. There is no cycle

path, if you want to cycle, technically you

need to cycle on the roads. I don't feel

quite safe to cycle if that is case.” (Female,

age 36)

“Like I'm in the middle of that tunnel,

again, it's not really pleasant cycling

closer to one side and the other, so you

want to stay at the centre line.” (Female,

age 34)

Attitudes of car drivers towards cyclists

and pedestrians were perceived as a

threat. Participants expressed the need to

educate different users of the greenway

including cyclists and dog walkers. Some

participants were discouraged by the lack

of awareness of drivers within an

industrial estate adjacent to the

greenway:

“They don't tend to think that people are

using that walkway. Because it's an

industrial estate there is an assumption

that it's cars and stuff so there's not a lot

of foot passenger and so there's

sometimes issues with them blocking the

paving.” (Female, age 46)

“A group of youth who were sitting in one

of the play areas, smoking and drinking

and others were throwing stones and

bottles at each other… it was just sort of

a riot situation, it was unpleasant.” (Male,

age 38)

“Try to educate people and make them

think a bit more about their use of the

greenway, whether it's cyclists who go too

fast, and people with dogs either who

should be on leads, or dogs that are on

big, long leads, and people who just stop

suddenly in the middle of the greenway.”

(Female, age 53)

Participants appreciated the development

of new hotels, restaurants, heritage and

tourism trails that have attracted visitors,

tourists and created multicultural, vibrant

spaces:

“Associating service with greenway if it

was developed and even with like shops or

retail units alone there. And bring up sort

of the whole Connswater along. And, you

know it would encourage more people to

use that as a route into the square.”

(Male, age 62)

“It's more of a space regarded for the local

community. It might be nice if there was

maybe more international feel to it,

something it was sort of benefiting

tourists, maybe from the sort of

international mix bringing visitors from

the city centre here." (Female, age 56)

3.2. Social factors
Participants described the greenway as a

catalyst for meeting new people and improved

social interaction. The greenway was

perceived as a place that attracted new

people and enriched the local community.

While personal goals or desires were

achieved, community building and increased

social capital also emerged. Individual and

community benefits, improved health, and

social resilience were reported as key

outcomes.

“In terms of the greenway, and this

infrastructure that currently is in place, it is
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kind of a factor enabling people to talk to

people who they don't know, talking to

strangers that maybe you wouldn't normally

do… I think it's hugely important. I mean

along the greenway or in the park or C.S.

Lewis square you meet people from different

areas. On your street you meet your

neighbours who are all maybe the same social

status as yourself, but down here middle-class

people can meet working-class, kids can meet

adults. It's a big benefit, I think, of having a

greenway.” (Female, age 41)

“But I think particularly for people you know

living in maybe you know built up areas or

areas where they don't necessarily have a

garden, having something like this on your

doorstep as really a fabulous open space for

people.” (Female, age 45)

Participants appreciated the social and

cultural events organised by the CCG

leadership team. These events provided

opportunities for social interaction and helped

residents develop social bonds.

“I was thinking about there's an event here on

Saturday. That's the 24 hours non-stop run. So,

some people will run the equivalent of five

marathons without stopping. They go all

night, so I was starting to think a wee bit

about that because we'll come down and

watch that for a bit.” (Male, age 62)

“Again, got litter bins good, well maintained

area, there's a new shelter which is really

good, and I noticed for events, so that's good

to see, a thing that's just opened recently. And

there's a play park here for children, so I

always feel safe when I'm cycling around

here.” (Female, age 46)

“I think it is really a nice area, I think it's you

know, attractive, they're obviously trying to

improve it all the time. And they put in this,

shelter for events and things, and it is

seemingly well used for sporting events, so I

think it is a well-used facility.” (Female, age

34)

Participants reported increased

communication and non-familial interactions

between residents. The newly developed

green infrastructure and rejuvenated public

spaces provided opportunities for residents to

enjoy the outdoors at their doorsteps and

meet their neighbours in a safe and pleasant

environment. Successful non-familial

interactions were achieved through shared

experiences and meaningful outdoor activities

along the CCG:

“It's hugely important I mean along the

Greenway or in the park or C.S. Lewis square

you meet people from different areas. I mean

you know, on your street you meet your

neighbours who are all maybe the same social

status as yourself.” (Male, age 71)

“In terms of the greenway, and this

infrastructure that currently is in place. Is it

kind of a factor enabling people to talk to

people who they don't know. You know talking

to strangers that maybe you wouldn't

normally do.” (Male, age 62)

“We meet a lot of people here, say on a

Sunday afternoon at C.S. Lewis square and we

get down as a group, run Victoria Park and

come back up to the square. So, it's a good

area for teaching children to cycle or scoot.”

(Female, age 41)

“Having something like this on your doorstep

as really a fabulous open space for people

particularly living you know close proximity of

this particular area and they have a place for

children and for themselves to get out about

and to enjoy.” (Male, age 38)

Activity along the CCG and presence of other

people provided participants with a sense of

security. Older adults expressed a feeling of

nostalgia and a sense of feeling at home along

the CCG while being around various age

groups:

“This is quite a residential area and I kind of

know there are people around me, it is not an

abandoned industrial area, so I still feel quite
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safe and probably it is in the daytime so I'm

not too worried about safety issues.” (Female,

age 53)

“There's a bunch of teenagers behind me, I

was reminiscing a bit, long summer days,

sitting around, kicking a ball around, football

pitch at home.” (Male, age 38)

3.3. Policy factors
Participants were critical of local civic

authorities for prioritising parking and

motorised traffic in planning regulations,

while neglecting the needs of other

vulnerable road users. Threats from

motorised traffic, and lack of priority given

to pedestrians and bicyclists in local

planning policy, emerged as key issues:

“We have repeatedly submitted appeals to

the city council to create a linked bicycle

network, but no one has acknowledged

our requests.” (Male, age 52)

“We need to create more greenways

across the city and the island at large. But

sadly, policy makers are focused on

providing more parking spaces and

encouraging car-dependency. The

greenway should be a role model for other

councils and help them realise that green

infrastructure has many benefits for

health, physical and mental.” (Male, age

44)

“I cycle to work every day. The greenway is

excellent and safe, but the stretches where

I have to cycle on the road are very risky. I

am a member of a local bicycling

community group and we have presented

these issues to the authorities, but it is

obvious that motorised traffic takes

greater priority.” (Female, age 28)

3.4. Individual factors
Some respondents stressed individual

level factors affecting active travel,

including parameters such as commute

times, destination distance, route

convenience, weather, and the time of

day, and also health including mental

health.

Many participants engaged in active travel

along the most direct route for work

journeys:

“It's basically a route to get you from A to

B. It's not for the visual experience or the

environmental experience. It's simply a

functional cycling route, which I would use

if it's wet cold one day. You know, it's the

most direct route.” (Male, age 33)

“So, it's really handy that if I'm coming

home, and I'm like oh I need milk, I know

there's a shop where I will have secure

bike parking and it's easy access and I can

do it and obviously it gets more difficult

when I have a bigger shop because I don't

have like a car.” (Male, age 38)

Choice and motives for active travel trips

depended on weather conditions and the

time of the day. Differences were

observed between participants who were

experienced cyclists and used the bicycle

for daily commutes to work, in

comparison with others who only walked

or cycled for recreation and leisure

purposes.

“The weather can be a factor, but it only

becomes more of a deciding factor when

it's snowing or there is ice because the

greenways aren't salted.” (Male, age 71)

“I don't mind the rain because I've

normally got my wet gear, but if it's windy
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at the same time as rain, that's tough. So

yeah, probably just really bad weather.”

(Female, age 56)

“I don't cycle for commuting reasons, so

it's probably only for leisure time, so if it is

raining, it is not going to be enjoyable, so I

would say I'm not going to cycle when the

weather is not good here.” (Female, age

34)

Participants who cycled to work in areas

without defined or segregated cycle lanes

expressed safety concerns and tended to

avoid peak traffic hours.

“I would use it throughout the day, but I

tend to actually plan my cycling around

times that isn't peak traffic. I tend to not

cycle during the busiest times of the day,

so during rush hour, so normally, I think at

the stage after six in the evening, so it's

kind of a lot quieter.” (Female, age 34)

“I like that it's not on a road. It’s direct.

You know it's a strip route from the square

to the park. Cuts a lot of traffic. Cuts a lot

of public highways.” (Male, age 38)

“It links up with, you know it's quite a

route through to take out a huge chunk of

east Belfast and to get into Belfast, so I

would feel comfortable to use it.” (Female,

age 46)

“I only live a short distance away from

where I work. If I cycle then it's about half

eight in the morning, if then having cycle

home, it is five o'clock in the evening.”

(Female, age 31)

Several participants reported improved

physical and mental health. In addition,

some shared that the segregated, safe

greenway paths were supporting their

recovery and contributing to better

mental health:

“Some days that you are just not feeling

the best, low mood, go out cycling and it

lifts you; you forget about yourself. That's

a good thing. Nothing is as bad as just

sitting in the house. I got into cycling, you

know I had an aversion to the

Newtownards Road, and I wanted to hide

from people, and my health has improved,

my mental health has improved

significantly.” (Female, age 48)

“One reason why I just love this here. It's

safe. Because I had a bad accident, and I

got knocked off my bicycle about two and

a half years, ended up in the hospital, so

and I still haven't recovered mentally to

cycle on roads, I just don't like roads, don't

like roads.” (Female, age 46)

Participants also shared their positive

experiences after the walk-along and

cycle-along interviews:

“This was a really good nice cycling; I feel

quite happy to do this cycle. Yeah. It's a

really good exercise like lifted my spirit

and refreshed my mind. Usually, at this

time of Sundays, I usually stay in bed until

late.” (Male, age 44)
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4 Discussion & conclusions
Our findings complement existing

quantitative evidence and provide

additional insight into the benefits of

activity-friendly neighbourhoods.

Ecological models posit that human

behaviours have multiple interacting levels

of influence that include environmental,

policy and social factors.64 Therefore,

measurement techniques that capture this

wide range of factors can best explain

physical activity behaviour. We

demonstrate the feasibility of measuring

the impact of an environmental

intervention in real-time using emerging

technologies, and how these

measurements lead to deeper

understanding about what must change in

order to create healthy and sustainable

cities.

In our study, real-time, in-situ monitoring

of participants provides a deeper

understanding of the multiple pathways

through which the environment influences

on physical activity and commute mode

decision-making. Our study adds to the

evidence-base on walkable,

activity-friendly neighbourhoods, and

highlights specific functional, aesthetic,

destination and safety features in the

micro-scale environment that affect the

way people travel, commute, exercise and

play outdoors.7, 65 Our study also offers a

novel framework to capture objective data

on physical activity behaviours and

environments, to improve the precision

and accuracy of measurements for future

studies.

4.1 Assessing the impact of the
Greenway on local people
The CCG is a large-scale, complex urban

intervention comprising multiple

components with the potential,

individually and interactively, to affect the

behaviour of a diverse population in a

disadvantaged area in Belfast.58 This initial

evaluation indicates that our novel mode

of research presents an unobtrusive

observation method to evaluate the

effectiveness of built-environment

interventions. Our methods identified

micro-scale factors in the built and social

environment that may influence physical

activity but have not been studied as

extensively as macro-level factors.

Micro-scale design elements in the built

environment differ from macro-level

design elements such as street

connectivity, land use mix, and residential

density, and include details about

footpaths, streets, intersections, and

design characteristics (e.g., road crossing

features, aesthetics, lighting, presence of

trees, cycle lanes, curbs), as well as

characteristics of the social environment

(e.g., presence of garbage/litter/waste,

graffiti, vacant lots in poor condition,

abandoned buildings or cars).66 Studying

micro-scale factors allows for a more

fine-grained examination of the

environmental features that enable or

inhibit physical activity and may be
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modified more easily, cost-effectively and

in less time than macro-scale

characteristics.67

The CCG plays an important role in the

community life of residents in an area of

high deprivation where access to nature

was previously limited. Our findings

corroborate the health and social benefits

of neighbourhood parks, public spaces

and community centres as avenues for

physical activity, social interaction, leisure,

relaxation and interaction with nature.

Previous studies have established that

neighbourhood open spaces and parks are

linked to improved health outcomes,

physical activity, a sense of community

and reduced stress levels.7

Neighbourhoods with higher levels of

green infrastructure foster social cohesion

and reduce feelings of loneliness, which

are key predictors of health.68, 69 While the

impact of the built environment on

physical activity has been established, the

role of the social environment is less clear,

despite its equal and potentially more

prominent role in shaping physical

activity.70 Our study of the CCG and its

users identified important influences of

the social environment on physical

activity.

The CCG has created new opportunities

for physical activity, new and improved

cycle and footpaths, promotional events,

and social activities to encourage usage

and physical activity,  and provide

residents with opportunities for activities

outside their homes. It has shaped

spontaneous conversations and chance

encounters with friends and neighbours,

fostering social ties and improving social

cohesion. Participants reported increased

communication and intergenerational

interaction across all age groups.

Successful non-familial interactions were

achieved through shared experiences,

outdoor activities, and community

programmes along the CCG.

Strong social connections are linked to

lower rates of early mortality, less fear of

crime, reduced loneliness, and better

physical health in vulnerable

populations.71 Neighbourhood walking

groups and other physical activity

initiatives have promoted the use of the

greenway by distinct targeted population

segments (e.g., young mothers,

unemployed, and older adults), and there

have been school-based initiatives, and a

variety of community-based social

marketing initiatives. This dual approach

combining changes to the physical

environment with promotional events and

programmes to encourage use was an

important intervention component.

Overall, participants have reported that

the CCG interventions have improved

community cohesion and interactivity,

economic development, and public

health.

It is important to note that the factors

identified in this study may interact with

other factors at both “higher” levels of

broad social policy and “lower” levels that

operate at the individual level.72 For

example, environments that discourage

physical activity may also limit social

interactions, with potential implications

for antisocial behaviour, violence, crime

and drug use.73 The absence of public

transportation may interact with personal
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sources of stress (e.g., from home, work)

and significantly impact unemployment

rates in areas where people depend on it

to reach their desired destinations.74

4.2 Strengths and limitations of
the research
The unobtrusive and objective nature of

data from video footage and its ease of

use is an important strength of this study.

Incorporating emerging technologies,

physical activity promotion and

measurement efforts can achieve greater

precision. Additionally, information on

routes such as distance, speed, elevation,

origin, and destination allow researchers

to conduct a detailed investigation on

substantially larger samples of physical

activity behaviour and built environments

across widespread geographic locations.

This is significant for physical activity

promotion because more precise

measurement allows investigators to

better understand where, when, and how

activity occurs, and the characteristics of

the environments where it occurs, thus

enabling more effective design and

planning of public spaces, parks, streets,

neighbourhoods and cities.

The emerging technologies used in this

study are noteworthy because they can:

1 Continuously measure and evaluate

physical activity and built environments

across wide geographical areas;

2 Improve the ongoing, systematic

collection and analysis of built

environments for public health

surveillance due to real-time capabilities;

3 Significantly increase the ability to

investigate built environment and human

activity patterns;

4 Significantly increase external validity of

measures and findings through ease of

use, transferability, and wider

applicability; and

5 Address the need for research about

cyber infrastructure required to cope with

big data (multiple streams, aggregation,

visualisation, etc.).75

Specifically, these technologies offer

significant potential to improve study

designs and methods for natural

experiments, longitudinal studies, and

intervention research.

Walk-along and cycle-along interviews

have more methodological advantages

than the traditional style of sit-down

interviews. In this study, they provided a

hybrid style of interviewing, where a

flexible interview schedule was tailored to

the participant and adapted to their

responses. Unlike sit-down interviews

where the participants’ description of

their experience is based on memory

recall that may be biased or inaccurate

due to social-desirability or recall biases, a

walk-along or cycle-along interview

captures participants’ responses to

environmental stimuli in real-time. This

ensured that their observations,

responses, and statements are directly

attributed to the environment they relate

to.

A key benefit of walk-along and

cycle-along interviews is that they are

conducted in-situ, which facilitates

rapport between the interviewer and
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interviewee. Being interviewed in a

familiar environment helps alleviate some

of the pressure an interviewee may

perceive in a formal sit-down interview.

When the interviewees are comfortable

within the setting, they are more likely to

be more open and answer questions with

honesty, allowing the interviewers to be

more accurate in their responses and

interactions to the shared comments and

thoughts.76 Thus, the interviewer and

interviewee can have a more dynamic

conversation, allowing the surrounding

environment to shape their questions and

responses, helping to avoid awkward lulls

throughout their dialogue by simply

pointing out an environmental feature and

asking the participant for their

perspectives.

Despite the above advantages, big data

and emerging technologies have certain

limitations in providing complete

information on physical activity and active

mobility.77 Access to wearable sensors and

devices differs across user groups, and in

some cases, the information input is

entirely reliant on the individual’s

willingness to engage with and accept the

technologies.78 The use of wearable

sensors raises several legal, ethical, and

cultural issues associated with collecting,

storing, and analysing this data. Issues

include informed consent, privacy,

anonymisation and balancing these issues

with the benefits of using big data for the

common good.79 Digital technologies give

users the option to control their data by

allowing or revoking access to their data

by opting in or out. However, this is not

always the reality, and personal data

collected using digital means has been

accidentally or maliciously manipulated,

shared or abused.80 Researchers using

emerging technologies should be

cognizant of these issues and work with

ethicists and Institutional Review Boards

to ensure the privacy and confidentiality

of users.

Over the past few decades, researchers

have predominantly focused on

preferences, practices, visitation, use and

access to parks and green spaces, but little

is known about the absolute amount or

types of physical activity they facilitate or

the demographic and socio-economic

characteristics of the populations they

serve.81 Exceptions include studies using

direct observation instruments like the

System for Observing Physical Activity and

Recreation in Communities (SOPARC), that

have been able to provide objective,

contextually rich information on physical

activity in parks and other open

environments. However, these data are

static, since parks are divided into

predetermined target areas and then

studied by trained observers.82 Other

limitations of direct observation

instruments are the time-intensive nature

and costs involved in data collection.83 In

contrast, the technologies we have used

provide a cheaper and efficient alternative

for the precise tracking of physical activity

across large spatial and temporal settings.

Taking into considerations these

limitations, heterogenous mixed-methods

research that combines big data

approaches and traditional data collection

methods can improve monitoring of

real-time information for urban

planning.57, 84 Overall, the unobtrusive
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nature of data from wearable sensors

provides a robust method to explore the

influence of outdoor environments on

behaviours such as physical activity.

Our evidence suggests that future

research should examine the validation of

the data collected, a detailed examination

of specific micro-environment attributes,

park quality and features that are the

most critical in influencing physical activity

patterns. Innovative methods are

emerging using smartphone apps to

crowdsource perceptions of local

environments, such as littering and street

disrepair. Research is needed to explore

how these technological approaches could

be utilised to scale up data collection of

perceptions of the influence of outdoor

environments on physical activity.

To fully address these issues, future

research should investigate age and

gender differences in physical activity and

environmental characteristics with an

emphasis on vulnerable populations.

4.3 Implications for practice and
policy
Environmental factors relevant to public

health are directly amenable to policy.

Therefore, identifying which of these

factors are important contributors to

health inequalities and neighbourhood

disadvantage could point to interventions

and policies that might reduce the

disadvantage. For example, international

comparisons show that levels of active

transportation, such as walking or cycling,

can be effectively modified by specific

land use and transportation policies.9

Integrated city planning policies that

encourage walkable, mixed-use

developments so that common

destinations are within easily accessible

distances also support sustainability and

climate change mitigation efforts with

accompanying health benefits.85

Researchers and policymakers must

therefore adopt a broader, ecological

approach to physical activity which

considers a combination of individual,

physical, social, cultural and policy

correlates.

A comprehensive perspective of

integrated, long-term city planning can

result in lower overall costs and

co-benefits across multiple sectors. Our

study reinforces the need for greater

synergy between departments of city

planning, transportation planning, urban

design, landscape architecture, road

engineering, parks and recreation, and

public health.

The results from this study have become

far more pressing in the context of the

COVID-19 pandemic. The pandemic has

stimulated discussion about prioritising

the inclusion of nature in urban settings as

cities across the world prepare for the

post-pandemic recovery.

4.4 Conclusions
Integrated city planning policies that

prioritise walking, cycling and use of

public transport can improve both physical

and mental health by increasing levels of

physical activity, social interaction and

capital, promoting access to services and

employment opportunities, while

simultaneously reducing air and noise

pollution, traffic injuries and crime rates.12,
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25 Within that, urban green spaces have an

important role to play in creating a culture

of health and well-being.86

More work needs to be done to

strengthen the underlying models shaping

our understanding of physical activity. Key

steps to understand this are the use of

precise measurements for neighbourhood

built and social environmental features.

Given the potential for city planning to

promote physical activity, we recommend

that future research could be enhanced by

a greater emphasis on multidisciplinary

work, expanding focus to vulnerable

populations (e.g., economically

disadvantaged, racial and ethnic

minorities, children, older adults), and

including more rigorous measures and

study designs for intervention studies.
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