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Executive summary 
This report reviews recent literature on walking from a planning perspective to identify the 
current state of the art in the field. The work is intended to provide an input to the development 
of a research program hosted by Volvo Research and Educational Foundations (VREF) on the 
topic Walking as a mode of transport. 

The search used the keywords ‘walking’ and ‘pedestrian’, combined with ‘urban’ and ‘transport’. It 
was decided to remove three specific types of paper in order to make the final number of 
papers more manageable – those with a too strong focus on particular traffic safety factors, 
those too micro-scale in their outlook, and findings deemed difficult to transfer to other 
geographical contexts. The initial intention was to cover the literature over the last 10 years, 
though a recent review of reviews (Winters et al, 2017) provided good coverage of the period up 
to the end of 2016 and thus the literature review focused on papers published thenceforth. 

The review showed a dominance of papers within the field of walkability (40 papers). However, 
other themes such as health (7), rights and justice (2), history (3), economic aspects (3) and 
covid-19 related papers (6) were also identified and discussed  

Given the large number of papers on walkability (i.e. what factors influence the amount and 
quality of walking in urban areas and what needs to be done to enhance this), they were split 
into three sub-groups: Methods and models; Influencing factors and; Attractiveness/emotional 
response. There are a wide range of methods used in the various papers, both quantitative and 
qualitative. The specifics include a mix of quantitative and qualitative methods such as 
interviews, go-alongs, questionnaires, using existing travel survey data, street auditing 
procedures, use of new technologies such as mobile phone records and street imaging 
software such as street view. In terms of measures, intersection density, residential density 
and land use mix were the most used attributes for assessing walkability. Other factors which 
were shown to be important to walkability included safety and footpath continuity. 

The amount of literature for the other themes were considerably smaller than for walkability. 
However, the overlap between e.g. health and walkability is considerable – much of the 
walkability literature often explicitly mentions health and wellbeing as potential beneficiaries of 
the work. 

Based on the review, some overarching conclusions can be made. 

• Better data collection and evaluation techniques are needed, where specific examples 
are longitudinal research studies and studies over larger geographic scales. One of the 
problems of walkability research is the often limited scale/geographic scope that is 
considered and the lack of more inclusive urban-wide applications. 

• There are a number of papers published in the last couple of years which examine the 
effects of the Covid-19 pandemic on walking and active travel, with presumably many 
more to come. However, at this stage, it is difficult to draw sound conclusions from 
these due to the preliminary nature of the work and the continued uncertainty over the 
ultimate direction and effects of the pandemic. 
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• Whilst much of the walking literature comes from transport and health areas, there is a 
surprisingly wide range of studies from other areas – social development, history, 
computer science, to name a few. Comparing walking to other aspects of transport 
research it could be argued there are some differences in coverage of research – 
walking perhaps is over-represented in studies using qualitative and more social 
research techniques.  

• Much of the walkability literature focuses on the things that can be done to an area in 
order to make it more walkable. However, few of those studies explicitly cite traffic as a 
key factor which reduces walkability nor suggest measures to significantly reduce 
(motorised) traffic flow and/or change traffic behaviour. 
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1. Introduction 
This paper reviews recent literature on walking to identify the current state of the art in the 
field. The work is intended to provide an input to the development of VREF research on walking 
as part of their future cities research programme. 

In 2001 the Volvo Research and Educational Foundations (VREF) launched its program Future 
Urban Transport – How to deal with the complexity of urban transport (FUT). Since then the 
program has functioned as an overarching framework for VREF initiatives such as Centers of 
Excellence (CoE), research programs and projects, events, publications and networking and 
other activities.  

The vision of VREF is “Equitable access and sustainable transport in urban areas”, with the 
general mission to:  

• Support the development of new knowledge relating to ideas and solutions that can 
contribute to equitable access and sustainable urban transport; 

• Support the development of educational and outreach programs in the area of equitable 
access and sustainable urban transport; 

• Contribute to the dissemination and implementation of research findings among 
university researchers, practitioners, decision-makers and other relevant stakeholders; 

• Support demonstrative examples and change processes. 

In December 2020, the VREF Board made a formal decision to initiate a VREF program for 
supporting research and education in the area of Walking as a mode of transport. The program 
started with an initial phase in 2021-2022 that consisted of both internal and external activities 
to strengthen the motivation and direction for the program, formulate concrete goals for the 
program, and develop the program’s "architecture".   

During the preparatory work and the initial phase, VREF has commissioned four preparatory 
studies carried out by leading scholars and experts in the field, as well as organized and led 
several workshops with researchers and other experts. This literature review acts as one of 
those preparatory studies.  

This review is structured into three main sections: firstly an overview of the methods used to 
access the literature reviewed and the constraints used to limit the volume of literature; 
secondly a description of the main outcomes from the literature reviewed, spit into a range of 
themes; finally a concluding section. 

2. Methodology 
The aim of this paper is to undertake a systematic review of academic literature to identify 
state of the art knowledge as a basis for informing the VREF future programme on walking as a 
mode of transport. The initial intention was to cover the literature over the last 10 years, though 
a recent review of reviews (Winters et al, 2017) provides good coverage of the period up to the 
end of 2016 and hence it is proposed to take the findings from this as a starting point and focus 
on later papers for the purpose of the current work. Winters et al (2017) covers active travel, 
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hence including cycling as well as walking, but it is possible to determine from the findings 
those that are particularly pertinent to walking. The focus of Winters et al (2017) is on policies to 
promote active travel, so any literature relevant to walking which falls outside of this remit in 
the period prior to 2017 will also be considered in the current review. 

The current review searched three commonly used databases: Scopus, Web of Science and 
Transport Research International Documentation (TRID). The focus of the research was on 
walking as a means of transport in urban areas. The searches used the keywords ‘walking’ and 
‘pedestrian’, combined with ‘urban’ and ‘transport’. Each of the three searches returned many 
hundreds of hits, a lot of which could be quickly removed as the titles were obviously outside 
the scope of the research. Where titles were not clear enough to be sure about the contents, 
further examination of abstracts was undertaken. It was also decided to remove three specific 
types of paper in order to make the final number of papers more manageable. These were: 

• Papers where the focus was on pedestrian safety, except where the focus was on how 
safety influences levels and quality of the walking experience. The searches threw up a 
lot of very specific papers which focussed on topics such as detailed design of crossing 
facilities, vehicle front end design etc. 

• Papers which were very micro-scale in their outlook, for example, looking at features 
such as kerb height, placing of litter bins, etc. 

• Papers which focussed entirely on one urban area or one part of an urban area, for 
example examining factors influencing walkability in one specific part of Berlin or 
Beijing. There were two reasons for excluding these papers, firstly that there were a 
very large number of them and secondly that the focus on one specific location raises 
considerations of transferability of findings. Where these papers did discuss issues of 
transferability in a way that increased their relevance to more generic understanding of 
factors influencing walkability those papers were included. 

The work only considered papers in the English language – it is expected that this will have only 
a limited detrimental effect on the coverage of the relevant literature. Many papers submitted 
to non-English language journals may also have been submitted to English language journals, 
while if not, reference might still be made to their findings in other papers published in the 
English language. Where papers made reference to other papers not identified in the original 
searches and which were within the date constraints (i.e. post 2016) these additional papers 
were also considered in the review. In total, once duplications were removed, 63 papers were 
selected from Scopus, 14 papers from TRID and 26 from Web of Science. Two of the search 
engines used, Scopus and Web of Science, are broad in their coverage and it is expected that 
these would pick up papers from across a broad range of subject areas. TRID is rather more 
focussed on transport, though did also pick up a number on non-journal outputs, particularly 
from the TRB and WCTR conferences. 
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3. Key findings 

Pre-2017 research 
Winters et al (2017) in their review of reviews looked at 50 plus articles, but focussed on 17 which 
had undertaken substantial reviews of literature (ranging from 12 to 300 plus papers reviewed 
where walking was included in the review). They classified their findings into policies at 4 
spatial scales – society, city, route and individuals. The studies reviewed provided a number of 
key insights which are worth repeating here as background to the later studies reviewed as part 
of the current study. 

• A comprehensive package of measures across the different scales is likely to be more 
effective than individual measures. However, little hard knowledge exists about the 
effectiveness of different measures or the ideal mix of policies. This is compounded by 
the problems of transferability and the need for policies to be tailored to individual 
circumstances of a place and time. 

• On the positive side, given there are many documented examples of cities which have 
achieved real changes in active travel (including walking) it seems unlikely that there are 
insurmountable problems for doing this anywhere. 

• Safety is key, not just in absolute terms (one’s likelihood of being involved in a crash on a 
given trip), but perhaps more importantly how safe (or dangerous) a location or a trip is 
perceived. Walking injury rates generally fall with increased levels of walking so success 
in increasing levels of walking could act as positive feedback. 

• The likelihood of interventions being made to increase walking is related to the cost of 
the intervention, despite some studies suggesting investments in active travel are cost 
effective. 

• There are a number of key limitations in existing research: 
o Better data collection and evaluation techniques are needed – specific examples 

are longitudinal research studies and studies over a larger scale. 
o Better evidence-based tools for planners are required. 
o More work is required on the equity distribution of interventions, with especial 

need for studies 7ssociat on sub-groups of the population who are least likely to 
engage in physical activity. 

• Overall, comprehensive policy approaches operating at multiple levels are thought to be 
most effective. 

2017 and beyond 
The papers reviewed here derive mainly from journals in the transport and health areas, though 
also from a surprisingly wide range of journals from other areas, ranging from history through to 
computer science. A number of central themes are immediately apparent from the body of work 
– the most common by far of these is walkability (i.e. what factors influence the amount and 
quality of walking in urban areas and what needs to be done to enhance this), but there are 
significant numbers of papers which look at related areas to do with pedestrian and walking 
behaviours and health and wellbeing benefits from walking, satisfaction and rights and justice. 
There are also several papers which examine walking histories, tools economic impacts of 
walking and a few other more minor topics. Most recently there have been a growing number of 
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papers which have examined aspects of the covid-19 pandemic on walking and walking 
practices. Some of these themes match with gaps in research on walking as a transport mode 
as identified in a recent review by Heather Allen (Allen, 2021). For the other themes mentioned 
in that report there does not appear to be a body of peer reviewed research. 

The following sections pick up on these themes and highlight some of the main findings for 
each. 

Walkability 
This section provides a brief summary of some of the key papers which have looked at 
walkability. Many of the excluded papers (see above) also consider this topic though for one very 
specific urban area. The focus here is on those papers which provide some generality and 
degree of transferability in their findings or novelty in their approach. These papers are very 
much interested in the practical questions around what do we (planners and others) need to do 
to our cities and urban areas to make them more walkable – to attract more people to walk and 
to improve the experience of those who do. The papers raise a number of key issues about the 
topic, specifically relating to transferability of approach and results and also issues of scale. 
Most difficult to deal with is transferability of results – what works in one place may not work or 
not work in the same way elsewhere. A number of the papers have explored how their findings 
(modelled or empirical) work in more than one area (for example Gaglioni et al, 2021) which 
provides some pointers relating to transferability. Given the large number of papers on 
walkability, the discussion below splits them into 3 groups – Methods and Models; Influencing 
Factors and; Attractiveness/Emotional Response. 

Table 1: Walkability: Methods and Models 

Authors Title Approach Key influences on walkability 
Lopez-
Lambas et 
al, 2021 

The walking 
health: A route 
choice model to 
analyze the 
street factors 
enhancing active 
mobility 

On street and online surveys. 
Respondents mapped routes over 
past day. 

Attractiveness (e.g., green areas, amenities, 
tourist attractions, etc.) and accessibility (e.g., 
obstacles, pavement width). Change is thought to 
be easier in small/medium sized cities. 

D’Orso and 
Migliore, 
2020 

A GIS-based 
method for 
evaluating the 
walkability of a 
pedestrian 
environment and 
prioritised 
investments 

Developed a GIS based method to 
assess the walkability of the 
pedestrian environment. 
Developed decision support tool to 
help identify priorities for 
investment. 
 

The problems that make the pedestrian 
environment in these areas unattractive, unsafe, 
and impassable are as follows: a poor cleaning of 
the sidewalks, the presence of architectural 
barriers, the presence of obstacles such as cars 
parked on the sidewalk, frequent interruptions of 
the pedestrian paths owing to the absence of 
sidewalks, poor drainage of rainwater, an 
abundance of depressions and holes owing to tree 
roots and poor sidewalk maintenance, poor 
lighting, and a lack of street furniture. 

Yencha, 
2019 

Valuing 
walkability: New 
evidence from 
computer vision 
methods 

Computer vision techniques, street 
level images and 60,000 house 
transactions. 

Walkable space and pathway networks are valued 
by pedestrians. Generally access to local 
establishments is valued, but if no footways exist 
this relationship is broken. 

Delso et al, 
2019 

Integrating 
pedestrian-
habitat models 
and network 
kernel density 

Develop concept of pedestrian 
habitat quality (taken from 
ecological studies) through 
measuring pedestrian habitat 
suitability in an urban street 

Creates a priority map of streets for action in a 
case study area. Shows that the techniques 
developed are usable more generally in urban 
areas by planners and others and that the 
methods go beyond existing techniques which 
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estimations to 
measure street 
pedestrian 
suitability 

network and combining this with 
network kernel density 
estimations. The work combines 
the walkability macro-dimensions 
with the micro physical 
environmental factors relevant for 
pedestrians. 

have tended to focus only on micro or macro 
environmental factors. 

Figueroa 
Martinez et 
al, 2019 

Walking through 
deprived 
neighbourhoods: 
Meanings and 
constructions 
behind the 
attributes of the 
built 
environment 

Mixed qualitative techniques, 
including mobile interviews, 
researcher observation and 
mapping. 

Perceptions of safety or danger are shaped by the 
presence of deterioration of buildings and public 
space, territorial demarcations, the features of 
the borders of public space and the urban form. 
Such awareness can induce change to 
pedestrian’s trips. 

Golan et al, 
2019 

Gendered 
walkability: 
Building a 
daytime 
walkability index 
for women 

Uses a mixed methods approach to 
generate a women specific 
walkability index. 

Shows that Walkscore does not reflect women’s 
walkability needs and develops an alternative 
index with a particular focus on crime, 
homelessness and street/sidewalk cleanliness. 

Wennberg 
et al, 2018 

How older 
people as 
pedestrians 
perceive the 
outdoor 
environment-
methodological 
issues derived 
from studies in 
two European 
countries 

Mixed methods quantitative and 
qualitative methods used to assess 
how older adults perceive and use 
unfamiliar space. Cross-cultural 
study in two European countries. 

Both the countries highlighted the importance of 
the immediate locality and neighbourhood to 
people in old age and the need for more-
accessible neighbourhoods to enable people to go 
out more. Locality remains an important spatial 
reference in later life. Even with improvements in 
terms of barrier-free design, if people are fearful 
of traffic and crime then they will not go out. Key 
ingredients of a safe environment include the 
inclusive design of the built environment and 
simple measures for improvement, e.g. low kerbs 
and more benches. Reducing traffic volumes and 
speeds where there are pedestrians and clear 
separation of vulnerable road users (pedestrians, 
cyclists and mopeds) 

Lefebvre-
Ropars and 
Morency, 
2018 

Walkability: 
Which measure 
to choose, where 
to measure it, 
and how? 

Four existing walkability measures 
are applied to Greater Montreal to 
assess how well they correlate with 
the outcomes of a pedestrian mode 
choice model short trips. 

The 4 measures are assessed. 

Sevtsuk et 
al, 2021 

A big data 
approach to 
understanding 
pedestrian route 
choice 
preferences: 
Evidence from 
San Francisco 

Pedestrian route choices are 
examined using data from 
smartphone applications. These 
are linked to the presence on the 
road of known factors from the 
literature which affect pedestrian 
choices. Alternative route choices 
were explored using Google Street 
View. 

Whilst permitting a huge number of pedestrian 
trips to be included, the data does not provide any 
sense of trip purpose nor the characteristics of 
the pedestrians themselves. It does, however, 
permit analysis over a wide scale and range of 
sizes of urban areas. 

Ma et al, 
2021 

Critical factors 
influencing the 
comfort 
evaluation for 
recreational 
walking in urban 
street 
environments 

420 questionnaire responses with 
concurrently monitored micro-
environmental conditions were 
analyzed to formulate a path model 
that portrayed the 
interrelationships between 
pedestrian comfort, and 
perceptual and objectively 
measured street built and micro-
environmental characteristics. 

Pedestrian comfort was shown to be directly 
related to satisfaction with the built environment, 
thermal sensation, perceived air quality and 
loudness. 

Koo et al, 
2021 

How are 
Neighborhood 
and Street-Level 

Uses Street View images to refine 
the ways in which walkable 
environments are measured and 

Streetscale attributes of the built environment 
appear to have a larger effect on walking than 
neighbourhood scale attributes. The methods 
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Walkability 
Factors 
Associated with 
Walking 
Behaviors? A Big 
Data Approach 
Using Street 
View Images 

understood and how streetscapes 
are linked to walking. 

developed provide practical guidance for planners 
on how to use streetscale factors to enhance 
walkability. 

Nagata et 
al, 2021 

Objective 
scoring of 
streetscape 
walkability 
related to leisure 
walking: 
Statistical 
modeling 
approach with 
semantic 
segmentation of 
Google Street 
View images 

Uses an automated method to 
assess street walkability using 
semantic segmentation and 
statistical modeling on Google 
Street View images. Examines the 
relationship between leisure 
walking, micro-scale walkability, 
and multiple components of 
streetscape using GSV images and 
a deep learning approach. 

Building segments of streetviews increase street 
walking while sky view do not, suggesting 
buildings provide a degree of comfort and 
interest. 

Steinmetz-
Wood et al, 
2020 

Moving to policy-
amenable 
options for built 
environment 
research: The 
role of micro-
scale 
neighborhood 
environment in 
promoting 
walking 

Developed the Virtual Systematic 
Tool for Evaluating Pedestrian 
Streetscapes (Virtual-STEPS) to 
virtually audit the microscale 
environment of cities using Google 
Street View. 

Whilst microscale neighbourhood features were 
associated with increase in leisure walking, this 
was not the case for utilitarian walking. 
Macroscale features were associated with 
increased odds of utilitarian walking. 

 

The papers in Table 1 focus on the development of new approaches to understanding what 
makes a walkable urban area. Many of these new approaches seem to be trying to address some 
of the issues of transferability, though even here there are questions depending on whether 
data are available (travel surveys, street view etc) universally or in the same form. There are a 
wide range of methods used in the various papers, both quantitative and qualitative. Mixed 
methods approaches are common (for example Wennberg et al, 2018; Golan et al, 2019; 
Figueroa Martinez et al, 2019). The specifics include a mix of quantitative and qualitative 
methods such as interviews, go-alongs, questionnaires, using existing travel survey data, street 
auditing procedures, use of new technologies such as mobile phone records and street imaging 
software such as street view. A number of very recent papers have examined the potential for 
using more automated data collection and interpretation techniques – these have the 
advantages in allowing large samples to be constructed and also overcoming to some extent 
the limited scale problems which exist in many earlier studies. With these techniques a whole 
city can potentially be studied and issues to do with self-report bias can be reduced. Many of 
these studies use apps on mobile phones to provide data on activity, whilst some use 
automated assessments of street view images to rapidly interpret key aspects of different 
pedestrian environments (for example Sevstuk et al, 2021; Koo et al, 2021; Nagata et al, 2021; 
Steinmetz-Wood et al, 2020). Perhaps these types of studies represent one way forward, 
though it must be remembered that while they have access to large volumes of pedestrian trip 
data and walking environments, they provide little feel for the motivations behind such trips nor 
the actual feelings of the pedestrians about different aspects of their urban environments. 
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Such limitations point toward the need for some degree of mixed measures to be most 
effective. 

There is another issue which arises from this literature which relates again to transferability. At 
one level there are tools such as WalkScore which provide a means of understanding something 
about the walkability of a local environment. So, for example, in the UK one can input a location 
to a website and the software will provide a score between 0 and 100 of how walkable the 
locations is – essentially how easy it is to access places on foot, as well as a brief description of 
the place relating to walkability. However, whilst useful, this can be easily criticised as a one 
size fits all figure. Some of the walkability literature picks this up – for example Golan et al (2019) 
examine how well WalkScore fits for different groups of the population. They explore the 
applicability of WalkScore for women and conclude that it does not consider factors which are 
important to women about their walking environments and therefore fails that group of society. 
Important missing factors are crime, homelessness and street/sidewalk cleanliness. It is likely 
that generic measures such as WalkScore will not perform well for other groups such as the 
elderly or children. At the other end of the scale from WalkScore are studies which provide 
copious amounts of detail about the effects of a wide range of factors influencing walkability, 
often based on small areas or a single street or location, where it is difficult to believe they 
could be usefully transferred elsewhere. Maybe the balance lies somewhere in-between, but 
what is clear is that users of such results/tools need to be aware of their limitations. Some of 
the studies reviewed provide apparently conflicting outcomes – for example Koo et al (2021) 
shows that streetscale attributes of the built environment appear to have a larger effect on 
walking than neighbourhood scale attributes while Steinmetz-Wood et al (2020) show that 
macroscale attributes of urban environments have a bigger effect on levels of utilitarian 
walking than microscale attributes. 

 

Table 2: Walkability: Influencing Factors 

Authors Title Approach Key influences on walkability 
Cysek-
Pawlak and 
Pabich, 
2021 

Walkability – the 
New Urbanism 
principle for 
urban 
regeneration 

Aims to define walkability in the 
context of new urbanism. Uses 
statistical analysis of flows of 
people in a Polish town and a study 
of urban attributes influencing 
walkability in a French town. 

Walkability needs to be analysed holistically – that 
is taking account of environmental, economic and 
social aspects. 

Xiao et al, 
2021 

Multiscale 
Analysis of 
Urban 
Walkability and 
Pedestrian’s 
Destination 
Choice 

Household travel survey Compact design and high density contribute to 
levels of walking density, but decrease walking 
mobility. Mixed-land use does not help generate 
walking trips but creates destinations for walking 
and increases walking mobility. Important to 
consider how walkability is defined before 
determining factors which influence it. 

Rahm et al, 
2021 
 

“In the evening, I 
don’t walk in the 
park”: The 
interplay 
between street 
lighting and 
greenery in 
perceived safety 

Residents focus group discussions. 
Examiner relationship between 
greenery, street lighting, perceived 
safety and walking. 

Quality of urban greenery and street lighting 
affects people’s choices to walk after dark. 
Entrapment due to greenery and darkness 
contributes to avoidance. Presence of other 
people has the opposite effect. 

Kim and 
Hong, 2021 

Differences in 
the influence of 

Developed regression models 
linking pedestrian volume to 

Microclimate variables have a bigger effect on 
pedestrian volume in residential compared to 
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microclimate on 
pedestrian 
volume 
according to 
land-use 

microclimates for different types 
of urban areas. 

commercial areas. Adverse microclimate reduces 
pedestrian volume. 

Zhang et 
al, 2020 

Effects of green 
space on 
walking: Does 
size, shape and 
density matter? 

Pedestrian activity data from the 
London Travel Demand Survey is 
compared to green space 
attributes of the urban 
environment. 

Catchments around smaller parks have increased 
pedestrian activity as do retail areas close to 
parks. Park density is insignificant. 

Cao et al, 
2019 

Using walk-along 
interviews to 
identify 
environmental 
factors 
influencing older 
adults’ out-of-
home behaviours 
in a high-rise, 
high-density 
neighbourhood 

Qualitative study of 12 older adults 
out of home behaviours using 
qualitative walk-along interviews. 

12 factors were shown to be important: access to 
facilities, pedestrian infrastructure (sidewalk 
quality, sheltered walkways, universal design, 
crossings, benches, and public toilets), 
aesthetics, traffic safety, safety from crime, 
wayfinding, familiarity, weather, social contact, 
high-rise, high-density, affordability), and 
maintenance and upgrading. 

Su et al, 
2019 

Auditing street 
walkability and 
associated 
social 
inequalities for 
planning 
implications 

Expert panel evaluation of 
indicators factors of walkability 
selected using word frequency in 
existing indicators classification 
frameworks. 

The resulting framework for assessing walkability 
is shown to work based on the city of Hangzhou in 
China. Significant inequalities in street walkability 
are shown to exist in different parts of the city. 

Soltani et 
al, 2018 

The 
development 
and assessment 
of environmental 
features 
associated with 
walkability of 
Urban streets 

The importance of macro and 
micro features of streets were 
assessed by urban science experts. 

Safety of streets comes out as the top factors 
influencing walkability. 

Jensen et 
al, 2017 

Walkability, 
complete 
streets, and 
gender: Who 
benefits most? 

Audits of a variety of streets pre 
and post-renovation. 

Street renovations led to more people using the 
streets post-renovation. Walkability was related 
to gender proportions – female proportions 
doubled from less walkable to most walkable 
streets. More walkable streets are livelier and 
more gender balanced. 

Hermann 
et al, 2017 

The Missing 
Middle: Filling 
the Gap Between 
Walkability and 
Observed 
Walking 
Behavior 

Use of survey data on pedestrian 
behaviour to assess the 
discrepancy that high walkability is 
not always linked to high levels of 
walking. 

Reducing parking lots and setbacks and 
increasing street tree canopy cover can increase 
walking, especially in areas with high WalkScore 
and low walking rates. 

Lindelöw 
et al, 2017 

Satisfaction or 
compensation? 
The interaction 
between walking 
preferences and 
neighbourhood 
design. 

Examines the interactions between 
preferences, neighbourhood 
design and walking. 

Studies of walkability which fail to take account of 
preferences for residential choice will not 
consider differing demands for urban design 
characteristics and attributes. 

Carlson et 
al, 2019  

Impacts of 
Temporary 
Pedestrian 
Streetscape 
Improvements 
on Pedestrian 
and Vehicle 
Activity and 

Two quick build infrastructure 
projects were evaluated. Video and 
in-person direct observations were 
conducted before and during 
implementation to assess the 
number of pedestrians and 
vehicles using the intersection and 
vehicle/driver behaviours. 

Various positive pedestrian measures increased, 
whilst little negative change was experienced by 
vehicles. It is suggested that inexpensive quick 
build street projects have the capability to 
increase pedestrians, though the longer term 
effects still need to be evaluated. 
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Community 
Perceptions 

Resident and stakeholder attitudes 
towards the projects were 
captured through surveys and 
interviews. 

Nag et al, 
2019 

Assessment of 
relationships 
between user 
satisfaction, 
physical 
environment, 
and user 
behaviour in 
pedestrian 
infrastructure 

Revealed preference data to 
assess pedestrian satisfaction and 
stated preference data to estimate 
changes in pedestrian behaviours 
as a result of infrastructure 
improvements. 

Factors likely to influence pedestrian satisfaction 
are buffers, ease of walking, zebra crossings, 
footpath continuity, night time safety and 
location. Improving footpath continuity is shown 
to have the biggest effect in the likelihood of 
changing behaviour as a result of infrastructure 
improvement. 

Gonzalez-
Urango et 
al, 2020 

Planning for 
Pedestrians with 
a Participatory 
Multicriteria 
Approach 

Stakeholder and expert interviews 
to identify and rank factors 
determining criteria for pedestrian 
routes. 

Factors related to improving mobility for 
pedestrians were broken down into 4 clusters – 
connectivity, urban function, route attributes and 
comfort. 

Gaglioni et 
al, 2021 

Urban services, 
pedestrian 
networks and 
behaviors to 
measure elderly 
accessibility 

Identified characteristics of urban 
environments of relevance to the 
elderly. These were weighted using 
AHP. Development of a new 
measure of pedestrian 
accessibility. 

Identification of areas within cities where levels 
of pedestrian accessibility were high or low as the 
basis for a planning tool. Accessibility was 
measured in relation to different activity types in 
the city. 

Sun and 
Lau, 2021 

Go-along with 
older people to 
public transport 
in high-density 
cities: 
Understanding 
the concerns 
and walking 
barriers through 
their lens 

Mobile interviews with 72 older 
pedestrians to understand 
concerns, barriers and areas of 
improvement whilst walking 
towards public transport stops.. 

Narrow sidewalks with high pedestrian flows are 
challenging. Being bumped is a concern. Females 
are more concerned than males. Footbridges and 
underground areas are problematic due to often 
poor connectivity to the rest of the network. 
Other areas of improvement included pavement 
evenness, obstruction by store goods on the 
sidewalk, railings, seat and rest areas in the metro 
underground, street crossing on collector roads, 
and lack of traffic signal time. 

Distefano 
et al, 2021 

Neighbourhood 
walkability: 
Elderly’s 
priorities 
 

Surveys of 645 over 70 year olds to 
identify their concerns walking. 

Older pedestrians with minor age related declines 
give strong importance to walkability and 
aggressive driving. Those with more major age 
related declines focus more on comfort issues in 
the urban environment. 

Ma et al, 
2021 

Critical factors 
influencing the 
comfort 
evaluation for 
recreational 
walking in urban 
street 
environments 

420 questionnaire responses with 
concurrently monitored micro-
environmental conditions were 
analyzed to formulate a path model 
that portrayed the 
interrelationships between 
pedestrian comfort, and 
perceptual and objectively 
measured street built and micro-
environmental characteristics. 

Pedestrian comfort was shown to be directly 
related to satisfaction with the built environment, 
thermal sensation, perceived air quality and 
loudness. 

Lee et al, 
2021 

Neighborhood 
Environments 
and Utilitarian 
Walking Among 
Older vs. 
Younger Rural 
Adults 

Telephone interviews with 2000+ 
older and younger adults to 
determine factors which influence 
their use of the street for utilitarian 
walking. 

Perceived presence of crosswalks and pedestrian 
signals was significantly related to utilitarian 
walking in all age groups. For older adults steep 
slopes were negatively associated with walking. 
For younger adults, traffic speed was negative, 
while significant destinations and access to 
public transportation were positive. 

Fonseca et 
al, 2021 

Built 
environment 
attributes and 
their influence 
on walkability 

Review of recent studies on factors 
influencing walkability 

Intersection density, residential density and land 
use mix were the most used attributes for 
assessing walkability, Attributes related to 
streetscape design and security were much less 
adopted in walkability assessments. 



 

  14 

Cambra 
and Moura, 
2020 

How does 
walkability 
change relate to 
walking behavior 
change? Effects 
of a street 
improvement in 
pedestrian 
volumes and 
walking 
experience 

Before/after study of the effects of 
a built environment improvement 
on walking volume and quality. 

The results suggest that the scale of walkability 
change of environmental interventions is a 
significant factor in influencing walking 
behaviour. Smaller-scale interventions may be 
effective in improving the walking experience but 
not as effective in increasing walking activity. 

McCormac
k et al, 
2021 

Evidence for 
urban design and 
public health 
policy and 
practice: Space 
syntax metrics 
and 
neighborhood 
walking 

The study used space syntax 
methods to estimate associations 
between the space syntax measure 
of street integration and walkability 
(SSW) and neighborhood-specific 
leisure (LW) and transportation 
(TW) walking among 4422 Canadian 
adults. 

Street integration and SSW were found to be 
positively associated with TW and LW 
participation in a usual week. A one-unit increase 
in SSW was associated with a 6-min increase in 
usual weekly minutes of TW. Street integration 
and SSW were also positively associated with TW 
participation in the last week. Higher street 
integration and walkability conceptualized using 
space syntax support neighborhood walking. 

 

Table 2 identifies a range of studies which try to assess the factors influencing walkability of an 
environment. These use a variety of methods and approaches. There is a degree of overlap with 
the methods/models studies, the difference being that the focus of those in Table 1 appeared 
to be more on the development of methods (though in most cases results were also produced), 
whilst the studies in Table 2 appeared to be less about methodological development and more 
about the walkability outcomes. 

The studies suggest a wide range of factors which are potentially important, though there is a 
lack of consistency of findings, perhaps in part related to the issues of transferability discussed 
above and also partly because many of the studies specifically set out to explore the effects of 
certain factors and did not choose to consider others. Some of the key suggestions are listed 
below: 

• To get a clear idea of the importance of walkability and the factors which influence it 
studies needs to be holistic in their approach, considering economic, environmental and 
social aspects (Cysek-Pawlak and Pabich, 2021). 

• Greenery and street lighting appear to be important, though in different ways. Rahm et 
al (2021) explore night time walking and identify the importance of good street lighting, 
but also some of the negative aspects of greenery as a result of a sense of entrapment, 
leading to avoidance. Others identify more positive aspects of greenery resulting from 
pleasantness of environment, shading etc (Zhang et al, 2020, Hermann et al, 2017). Kim 
and Hong (2021) also identify the negative effects on walking of adverse microclimates. 

• Su et al, 2019 showed there were large inequalities in street walking infrastructure 
provision across different areas of cities. One might conclude that this is also likely to 
be true between cities – certainly there are cities which are well known for their walking 
friendliness. Jensen et al (2017) used a before and after approach to examine the effects 
of new walking infrastructure and showed that walkability is related to gender 
proportions on the streets – more walkable streets doubled the proportion of females 
using the street. 

• Other factors which were shown to be important to walkability included safety (Soltani 
et al, 2018) and footpath continuity (Nag et al, 2019, Gonzalez-Urango et al, 2020). 
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Intersection density, residential density and land use mix were the most used attributes 
for assessing walkability (Fonseca et al, 2021). 

• A number of studies considered specific problems related to older pedestrians – lack of 
provision of facilities (seating, toilets etc), issues relating to overcrowded pavements, 
slopes, existence of crossing facilities, aggressive driving (Sun and Lau, 2021, Distefano 
et al, 2021, Lee et al, 2021). 

• Importantly, Cambra and Moura (2020) showed that scale of intervention changes is 
important – small scale changes can locally increase the experience of walking, but it 
takes larger scale changes to significantly increase levels of walking. 

 

Table 3: Walkability: Attractiveness/Emotional Response 

Authors Title Approach Key influences on walkability 
Gerike et 
al, 2021 

Built 
environment 
determinants of 
pedestrian 
activities and 
their15ssociate
15ion in urban 
street design 

Review and recommendations 
from European street designers 
through the MORE (Multimodal 
Optimisation of Roadspace in 
Europe) project 

Urban designers appear able to meet movement 
requirements for pedestrians, rather less so 
planning environments to be pleasant and which 
meet rather less obvious human needs. Considers 
streets in terms of their movement and place 
functions. 

Hillnhutter, 
2021 

Stimulating 
urban walking 
environments – 
Can we measure 
the effect? 

Observations of pedestrian head 
movements. What people look at is 
linked to their appreciation of their 
environment. 

Urban spaces need to be at a human scale to be 
attractive to walking. They also need to be varied. 

Resch, 
2020 

An 
interdisciplinary 
mixed-methods 
approach to 
analyzing urban 
spaces: The 
case of urban 
walkability and 
bikeability 

Analysing emotions in different 
urban environments using 
physiological sensors, diary apps, 
chest mounted cameras and 
interviews. 

Provision of a mood sensor for future planning 
purposes. Increase the transparency of planning. 

Bornioli et 
al, 2019 

Affective 
experiences of 
built 
environments 
and the 
promotion of 
urban walking 

384 adults were exposed to virtual 
street scenes to evaluate their 
affective experience and 
intentions to walk in different kinds 
of environment. 

Affective experiences are shown to influence 
walking intentions. Important factors are traffic, 
city busyness and poor aesthetics. Safety, 
comfort and sensory stimulation are essential to 
improve the walking experience. 

Nag et al, 
2019 

Assessment of 
relationships 
between user 
satisfaction, 
physical 
environment, 
and user 
behaviour in 
pedestrian 
infrastructure 

Revealed preference data to 
assess pedestrian satisfaction and 
stated preference data to estimate 
changes in pedestrian behaviours 
as a result of infrastructure 
improvements. 

Factors likely to influence pedestrian satisfaction 
are buffers, ease of walking, zebra crossings, 
footpath continuity, night time safety and 
location. Improving footpath continuity is shown 
to have the biggest effect in the likelihood of 
changing behaviour as a result of infrastructure 
improvement. 

 

These studies shown in Table 3 are closely related to those in Table 2, though focus a little more 
on human response to the walking environment. It is suggested that urban design seems to 
focus more on meeting movement requirements for pedestrians than on creating pleasant 
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environments (Gerike et al, 2021). Mood and emotional response to environments are important 
factors in walkability and should be considered more in planning (Resch, 2020). Variety in the 
walking environment and scale (ideal environments are designed at the human scale) are also 
important factors to increase attractiveness (Hillnhutter, 2021). Affective experiences are 
shown to be important – aesthetics, busyness of the environment, safety, comfort and sensory 
stimulation can all effect walkability and response to an environment (Bornioli et al, 2019). 
Buffers, ease of walking, zebra crossings, footpath continuity, night time safety and location 
are also important in this context (Nag et al, 2019). 

One other study worth mentioning is Scorza et al (2021) which explored the role of participatory 
planning in designing walkable environments – involving people in the design of their local areas 
(albeit possibly as part of a wider more centralised planning approach for the whole urban area) 
improves buy-in to the end result. 

Wellbeing and health 
There is rather less literature here than for walkability (see Table 4 for summary), though the 
overlap between the two areas is considerable – much of the walkability literature often 
explicitly mentions health and wellbeing as potential beneficiaries of the work and even where 
non-explicit, given what is known about the health benefits of walking, the links are clearly 
there. One of the papers reviewed in this section is a review from 2017 (Garfinkel-Castro et al, 
2017), covering the literature on the relationships between obesity and walking prior to this 
date. The key issues arising from this are that most studies to date are cross-sectional and 
lacking longitudinal elements and that direct causation between levels of walking and health is 
very hard to prove – a similar finding to Winters et al (2017). One of the few studies which does 
seem to make the direct link between health and active travel (including walking, but also 
cycling) is Zapata-Diomedi et al (2017) which examined the potential health benefits for the City 
of Brisbane in Australia if the city were able to achieve its stated active travel targets by the 
year 2026. Unusually the study also factored in potential negative impacts on health arising 
from greater levels of active travel, such as exposure to air pollution and safety impacts. 
Overall, the findings showed 33,000 health adjusted life-years (for a population of 860,000) 
were possible if the proposed changes in travel were achieved by 2026. These benefits largely 
came about due to lower risks of physical-inactivity related diseases in the population. 

Table 4: Health and wellbeing. 

Authors Title Approach Key findings 
Garfinkel
-Castro 
et al, 
2017 

Obesity and the 
built 
environment at 
different urban 
scales: 
examining the 
literature 
 

Literature review. Examines the 
influence on obesity of 4 different scales 
of urban environment from macro to 
micro. 

Majority of studies to date are cross-sectional 
and lack a longitudinal component. More 
quasi-experimental and natural experiments 
would also help. Residential self-selection is 
also raised as a problem – do people who 
prefer to be physically active chose to leave in 
neighbourhoods which facilitate walking? 
Direct causal relationships between the built 
environment and obesity are difficult prove. 

Zapata-
Diomedi 
et al, 
2017 

A shift from 
motorised travel 
to active 
transport: What 
are the potential 
health gains for 

Potential health gains for an Australian 
city (Brisbane) were estimated based on 
it achieving its stated active travel 
targets. 

33,000 health-adjusted life years could be 
gained if the travel targets were achieved by 
2026. This was mainly due to lower risks of 
physical inactivity-related diseases, with life 
course reductions in prevalence and mortality 
risk in the range of 1.5%-6.0%. Negative 
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an Australian 
city? 

effects from increased exposure to air 
pollution and safety risks were taken into 
account. 

Wali and 
Frank, 
2021 

Neighborhood-
level COVID-19 
hospitalizations 
and mortality 
relationships 
with built 
environment, 
active and 
sedentary travel 

This paper presents neighborhood level 
results linking census tract-level built 
environment and active/sedentary travel 
measures with COVID-19 hospitalization 
and mortality rates 

Substantial variations in COVID-19 outcomes 
and built environment features were shown to 
exist across neighborhoods. More mixed land 
use and greater pedestrian-oriented street 
connectivity is correlated with lower COVID-19 
hospitalization/fatality rates. Greater 
participation in sedentary travel correlates 
with higher COVID-19 hospitalization and 
mortality whereas the reverse is true for 
greater participation in active travel. COVID-19 
hospitalizations strongly mediate the 
relationships between built environment, 
active travel, and COVID-19 survival. 

Tsai et al, 
2021 

Types and 
spatial contexts 
of neighborhood 
greenery matter 
in associations 
with weight 
status in women 
across 28 US 
communities 

This study examined associations 
between weight status and 
neighborhood greenery that capture 
ecosystem services most relevant to 
weight status across 28 U.S. 
communities. 

Associations between greenery and 
overweight/obesity varied by type and spatial 
context of greenery, and climate. The findings 
add to a growing body of evidence that 
greenery design in urban planning can support 
public health. 

Anciaes 
et al, 
2019 

Perceptions of 
road traffic 
conditions along 
with their 
reported 
impacts on 
walking are 
associated with 
wellbeing 

This study looked at the associations 
between road traffic conditions, walking, 
and positive mental wellbeing in four 
urban neighbourhoods in England 
bisected by busy roads. Sequential 
models were fitted, examining the 
associations between objective and 
perceived traffic conditions (volume and 
speed); between perceived traffic 
conditions and the ability to walk locally 
and use busy roads; and between the 
perceptions of traffic conditions, ability 
to walk locally and use busy roads, and 
wellbeing. 

Perception of traffic volume and speed 
depends on traffic composition and speed, 
not just on the day but relating to historical 
conditions too. Those who saw traffic volume 
as heavy and speed as fast were more likely to 
describe traffic as a barrier to walking. Those 
participants classed as having the worst 
combination of perceptions of road traffic 
conditions, and the reported impacts of them 
on their walking, had on average, significantly 
lower wellbeing 

Forjuoh 
et al, 
2017 

Determinants of 
Walking among 
Middle-Aged and 
Older Overweight 
and Obese 
Adults: 
Sociodemograph
ic, Health, and 
Built 
Environmental 
Factors 

The17ssociateon between selected 
sociodemographic, health, and built 
environmental factors and walking 
behaviors of middle-aged and older 
overweight/obese adults was examined. 

The perception that there are lots of 
distracted drivers on cell phones was related 
to reduced walking, whilst the perception that 
the sidewalks provide a good coverage was 
linked to increased walking. Those with higher 
education levels were more likely to walk the 
recommended amount per week. Hence 
tailored campaigns and provision of 
appropriate infrastructure and behavioural 
enforcement are recommended. Safety from 
traffic and crime are the biggest influencers 
of walking. 

Calvert 
et al, 
2019 

When urban 
environments 
meet 
pedestrian’s 
thoughts: 
implications for 
pedestrian 
affect 

Walkalong and indoor qualitative 
interviews with pedestrians to explore 
their experience of motor traffic and 
their experiences of walking more 
generally. 

Walking in cities provides time for thinking, 
including problem-solving, personal 
reflection, daydreaming and creative thinking. 
Well-designed pedestrian environments 
should be unobtrusive with minimal intrusive 
elements such as motor traffic. Walking and 
the ability to think while walking contributes 
to wellbeing. 

 

Wali and Frank (2021) also showed health benefits in terms of reduced serious Covid-19 
outcomes for those living in environments which were more supportive of walking and negative 
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health outcomes associated with greater use of sedentary travel modes, though it is not clear 
whether the benefits arise from greater fitness or lower levels of exposure to Covid-19 while 
walking compared to, say, public transport. 

Other studies made links between aspects of the physical environment and health gains. Tsai et 
al (2021) examined the link between greenery and obesity and concluded that careful design of 
greenery in built environments can increase participation in active travel according to 
background climate conditions, while Anciaes et al (2019) showed a linked between traffic 
volumes and speed, level of walking and wellbeing. Forjuoh et al (2017) linked traffic and 
environmental features (in particular safety and crime and appropriate sidewalk provision) with 
likelihood of walking amongst middle aged and overweight/obese adults. 

Satisfaction, rights and justice 
Very few papers in this category, though again some overlap with those papers on walkability, 
especially in relation to satisfaction issues. Two papers are highlighted in Table 5 (Middleton et 
al, 2018 and Chan et al, 2021), both qualitative in their approach and bringing perspectives on 
walking from a UK city and a Chinese city. Both papers examine some of the other values, aside 
from the usual focus on environmental and health benefits, that walking brings and how those 
values might be used to help promote walking in the future. Perhaps most importantly Chan et 
al (2017) show that how we think of walking and value walking is not static, rather it is ever 
changing according to mood, lifestage, time, experiences etc. This raises some fundamental 
considerations for design of environments which cater for pedestrians and which encourage 
more people to walk, as the people who will use those environments are complex and varied. 
Equally, the environments themselves are not static, changing all the time with varying levels of 
use by pedestrians and other road users, light levels, weather and many other factors. 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Satisfaction, rights and justice 
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Authors Title Approach Key findings 
Middleton, 
2018 

The socialities of 
everyday urban 
walking and the 
‘right to the city’ 

In depth interviews and diary data 
to understand the nature of social 
interactions on foot. 

The paper goes beyond the usual focus of 
promoting walking relating to carbon reduction, 
health, the built environment and safety, but also 
to consider the significance of pedestrian 
encounters on how walking is engaged with, 
understood and most effectively promoted. 

Chan et al, 
2021 

People and their 
walking 
environments: An 
exploratory study of 
meanings, place and 
times 

Qualitative analysis of the life 
stories of 20 residents of a Chinese 
city, using walk-alongs and 
sedentary interviews. 

Three themes emerged from analysis of the 
respondent narratives – meanings, timescapes 
and place. The respondents place some value on 
health, but more on how walking helped them to 
retain harmony between their mind, body and 
environment. The narratives also talked 
extensively about obstructions to walking arising 
from construction sites and unregulated 
commercial activities on the pavements 
(interestingly much less concerning obstructions 
arising from traffic). Temporality is highly 
significant in the way the built environment 
affects walking. The built environment is 
continually changing which shapes people’s 
walking practices in complex ways. Design for 
pedestrians often overlooks the changes in a 
pedestrian’s bodily capacity and emotional state 
over different timescales. 

 

Walking histories 
A number of papers give interesting longer term perspectives on walking - Table 6 shows 
summaries of 3 papers which fit into this topic. One highlights that not all countries appear to 
follow the same long term patterns in terms of levels of pedestrian activity. Specifically this 
examines the case of Chile (though also it is implied a number of other South American 
countries too) where despite increasing motorisation, high levels of walking persist in urban 
areas. Examination of various data sources suggest various reasons for this relating to culture 
and uses of road space, geography of the walking network and demographic characteristics. It 
remains to be seen whether walking will continue to persist into the future or whether other 
changes will lead to a longer term decline. Such a decline is examined in the other two papers, 
which look particularly at long term histories of walking in the UK, looking back over more than 
150 years and using a variety of data sources (mainly government sources and various types of 
personal testimonies). The rather bleak conclusions focus on how modern planning decisions 
mostly concern provision for motorised traffic and have increasingly led to walking for 
utilitarian reasons being a marginalised or forgotten activity. It suggests that the planning 
system typically tends to look on pedestrians as something which gets in the way or slows down 
the flow of traffic, rather than as an entity in their own right. It is suggested that radical change 
is required both to the planning system and planning tools used and also to the way in which 
pedestrians are viewed – walking in urban areas should become the default activity. 

 

 

 

Table 6: Walking histories 
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Authors Title Approach Key findings 
Pooley, 
2021 

Walking spaces: 
Changing 
pedestrian 
practices in Britain 
since c. 1850 

Uses personal testimonies and 
government reports to examine 
how spaces for travel have 
changed over time and how this 
has affected pedestrian mobility. 

In the 19th century walking in urban spaces was 
not usually pleasant, but there was a lot of it – 
enough to dominate the space. In the twentieth 
century and forward into the current one 
planning decisions have made walking appear 
harder and riskier. Motorised travel is now the 
norm and pedestrians have been marginalised – 
radical change is required to reverse this. 

Hermann-
Lunecke et 
al, 2020 

Persistence of 
walking in Chile: 
lessons for urban 
sustainability 

Various data sources – literature 
review, qualitative case study 
materials, results of O-D surveys 
in Chile’s main cities, safety data 
and reports on transport from 
other Latin American countries. 

Walking in Chile has remained a majority 
transport mode despite the increasing 
domination of urban space by cars and 
associated infrastructure – a concept described 
as ‘persistent walking’. Reasons suggested 
include: low incomes; urban form and layout of 
Chilean cities with well-connected networks 
favouring pedestrian movement; relatively high 
density urban areas; inner city urban renewal 
leading to ageing population and small 
household sizes, leading to greater demand for 
flat style accommodation; intense use of 
streets for markets, fairs etc. 

Pooley et 
al, 2021 

Introduction: 
historical 
perspectives on 
pedestrians and 
the city 
 

This is an introduction to 4 
separate chapters of the journal 
which explore histories (using 
different kinds of sources) of 
walking at different periods in 4 
countries. The article provides an 
overview. 

The paper makes some interesting points, such 
as the invisibility of pedestrians in the planning 
system especially once the focus of urban 
transport planning became planning for the 
motor car. At this point pedestrians just became 
something which got in the way of the smooth 
flow of the cars and attempts were made to 
corral them and restrict their access to the 
road. The article also examines the neglect of 
walking for utilitarian reasons in academic 
literature (4 papers in 20 years in the Journal of 
Transport History have been published where 
walking was the focus). Finally, walking is often 
portrayed as potentially risky, especially for 
women, leading to an impression that travel on 
foot is unusual and dangerous. 

 

Economic impacts of walking 
The three studies cited in Table 7, although different in approach and scale, all add to the 
evidence for positive economic benefits (identified in Winters et al, 2017) from appropriate 
provision for walking and show a positive link between perceived quality of the walking 
environment and residential property values.  

Table 7: Walking and economy 

Authors Title Approach Key findings 
Botes and 
Zanni, 2021 

Trees, ground 
vegetation, 
sidewalks, 
cycleways: users’ 
preferences and 
economic values for 
different elements 
of an urban street—a 
case study in Taipei 

An investigation of the 
economic values of a 
variety of streetscape 
elements using a 
discrete choice 
experiment. 

Monetary values are developed for various types of 
greenery and infrastructure elements for streets. 
The results highlight the importance of urban 
vegetation for pedestrians, though it is noted that 
the study is small scale. 

Lucchesi 
et al, 2021 

Are people willing to 
pay more to live in a 

The increase in real 
estate values 

Results show that prices of residential properties 
are positively impacted by perceived walkability. 
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walking 
environment? A 
multigroup analysis 
of the impact of 
walkability on real 
estate values and 
their moderation 
effects in two Global 
South cities 

associated with 
walkability is tested 
using multigroup 
models in 2 Brazilian 
cities where economic 
constraints limit 
mobility choices. 

Perceptions of walkability are influenced by 
infrastructure provision, particularly sidewalk 
quality and crossing opportunities, but also 
perceptions of personal safety. It is suggested that 
the real estate premium could be a justification and 
means for greater investment in walking, if not by 
cash strapped highway authorities then by private 
investors seeking to maximise profits on residential 
developments. 

Miranda et 
al, 2021 

Desirable streets: 
Using deviations in 
pedestrian 
trajectories to 
measure the value of 
the built 
environment 

Pedestrian paths taken 
from GPS data are used 
to construct a 
desirability index of 
streets. Actual paths 
are compared with 
shortest paths to get a 
sense of willingness to 
deviate from the 
shortest path.  
Computer vision 
techniques are used to 
obtain a measure of the  
desirability of streets. 

Desirable streets provide access to parks, have 
better infrastructure. They don’t follow straight 
paths, are enclosed with simple facades and 
provide diversity of establishment types. 
 

 

The effects of the Covid-19 pandemic 
There are a number of papers published in the last couple of years which examine the effects of 
the Covid-19 pandemic on walking and active travel, with presumably many more to come. 
These are shown in Table 8, though it is difficult to draw sound conclusions from these due to 
the preliminary nature of the work and the continued uncertainty over the ultimate direction 
and effects of the pandemic. Early in the pandemic many urban areas were considering ways in 
which they could help their residents to move around safely in order to undertake fundamental 
tasks, especially given the decline in shared transport, most notably public transport due to 
worries over possible transmission in enclosed spaces. Walking and cycling were seen by many 
as perfect solutions, especially with (temporary) declines in car traffic due to lockdowns and 
work-at-home rules. Many of the studies presented in Table 5 strive to develop complex 
mathematical algorithms and applications which might be used to help people safely walk about 
urban areas, either by reducing encounters or by providing opportunity for appropriate social 
distancing. 

Table 8: Walking and responses to the Covid-19 pandemic 

Authors Title Approach Key findings 
Mishra et 
al, 2021 

Application-Based 
COVID-19 Micro-
Mobility Solution for 
Safe and Smart 
Navigation in 
Pandemics 

Development of an 
application based system to 
provide routing guidance to 
pedestrians and cyclists to 
help them stay away from 
Covid-19 hotspots in a city. 
The application was 
developed based on use of 
Google Map mobility data in 
Delhi. 

Safer routes are proposed for individual trips, 
though the downside appears to be that these are 
on average 8-12% longer than the routes which 
would be more naturally chosen. 

Mohamma
di et al, 
2021 

Developing levels of 
pedestrian physical 
distancing during a 
pandemic 

The study developed 
pedestrian physical 
distancing indicators to 
quantitatively evaluate 

A virtual walkway environment was used to simulate 
pedestrian walking and demonstrate the proposed 
distancing approach. Changes in relative risk were 
calculated according to different walking scenarios. 



 

  22 

different levels of physical 
distancing. It also 
developed a mathematical 
process to estimate the 
relative risk of viral 
transmission between 
pedestrians under different 
pedestrian walking 
conditions. 

Mello, 
2020 

One-Way Pedestrian 
Traffic Is a Means of 
Reducing Personal 
Encounters in 
Epidemics 

Aims to minimise contact 
and frequency of 
encounters between 
pedestrians by 
development of certain 
behavioural rules. 
Theoretical study. 

Study shows that if one-way movement and 
walking-only rules are imposed on bidirectional 
tracks shared by walkers (80%) and runners (20%), 
the number of people encountering each other per 
minute is reduced to one-seventh of its original 
value and the number of encounters per 100 m is 
reduced to one-sixth of its original value. If one-way 
movement is imposed on a walking-only walkway, or 
sidewalks, for example, the number of encounters 
is reduced to one-fifth of its original value. 

Barbaross
a, 2020 

The Post Pandemic 
City: Challenges and 
Opportunities for a 
Non-Motorized 
Urban Environment. 
An Overview of 
Italian Cases 

Examination of mobility 
programmes and analysis of 
official documentation set 
up by 10 Italian cities as a 
response to the pandemic. 

A very consistent awareness is documented 
amongst planners and decision-makers of the need 
to rethink urban spaces and mobility – a green 
revolution to reduce emissions and enhance 
walking and cycling. There is some evidence that 
the Covid-19 pandemic sped up the implementation 
of some previously considered pro-walking and 
cycling policies, though not in all cities. 

Rhoads et 
al, 2021 

A sustainable 
strategy for Open 
Streets in (post) 
pandemic cities 

An examination of 
pedestrian networks in 
terms of sidewalk 
availability in 10 cities on 
three continents. 

The cities examined show an uneven distribution of 
space between pedestrians and automobile users. 
Very little work exists on planning of sidewalk 
networks compared to roadways. Without further 
changes, the implementation of social distancing 
rules will further fragment the sidewalk networks. 

Wali and 
Frank, 
2021 

Neighborhood-level 
COVID-19 
hospitalizations and 
mortality 
relationships with 
built environment, 
active and sedentary 
travel 

This paper presents 
neighborhood level results 
linking census tract-level 
built environment and 
active/sedentary travel 
measures with COVID-19 
hospitalization and 
mortality rates 

Substantial variations in COVID-19 outcomes and 
built environment features were shown to exist 
across neighborhoods. More mixed land use and 
greater pedestrian-oriented street connectivity is 
correlated with lower COVID-19 
hospitalization/fatality rates. Greater participation 
in sedentary travel correlates with higher COVID-19 
hospitalization and mortality whereas the reverse is 
true for greater participation in active travel. 
COVID-19 hospitalizations strongly mediate the 
relationships between built environment, active 
travel, and COVID-19 survival. 

 

The papers by Barbarossa (2020) and Rhoads (2021) take a different approach, documenting 
how cities have started to make more fundamental changes to mobility in favour of non-
motorised modes as a result of the pandemic (or at least spurred on by the pandemic) and 
envisaging different, perhaps fairer, mobility opportunities in the future. The work raises the 
question of the permanence of many of the changes and also whether things which have by 
necessity been implemented very quickly in response to the pandemic are necessarily the best 
solutions, especially in a post pandemic world – there is already in some countries evidence of 
pandemic implementations being removed as lockdowns were relaxed (Mishra et al (2021) touch 
upon the challenges of planning effectively for pedestrian movement in a rapidly changing 
policy environment). 
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4. Conclusions 
The following bullet points are some personal reflections on key messages arising from the 
review. 

• The limitations of existing research as expressed by Winters et al (2017) still appear to 
be largely true, despite a large number of published studies on walking over the 
intervening period. 

• Whilst much of the walking literature comes from transport and health areas, there is a 
surprisingly wide range of studies from other areas – social development, history, 
computer science, to name a few. Comparing walking to other aspects of transport 
research it could be argued there are some differences in coverage of research – 
walking perhaps is over-represented in studies using qualitative and more social 
research techniques. While there is some focus on mathematical and econometric 
modelling approaches in walking research, these appear less dominant than in other 
areas of transport. Walking is clearly an area which interests a diverse range of 
researchers. It is also noticeable that there is considerable effort being placed on 
development of methods. Inevitably, perhaps, given the focus of this work on papers in 
the English language, much of the literature still comes predominantly from a small 
range of regions – Europe, North America and Australia. However, reassuringly, there 
are significant studies and research capacity elsewhere too – Asia (Singapore, China, 
Hong Kong, India) and South America (Chile, Brazil), reflecting something of the diverse 
walking experiences around the world. 

• Much of the walkability literature focuses on the things that can be done to an area in 
order to make it more walkable. However, few of those studies explicitly cite traffic as a 
key factor which reduces walkability nor suggest measures to significantly reduce 
traffic flow and/or change traffic behaviour. This seems counterintuitive and it is hard 
to know if this reflects a reluctance to mention such a possibility or if such change is 
perceived as improper or impossible or a step too far and thus not worth considering. 
Indeed, in many cases the methodological approaches used did not allow for such 
outcomes and there seems to be little research which explicitly looks towards the 
provision of new planning approaches and new tools to support those approaches. A 
move away from planning which essentially in transport terms supports the status quo 
and rarely provides the opportunity to consider radical opportunities towards planning 
of urban areas walking is considered the norm and default mode rather than an 
aberration.  

• One of the problems of walkability research is the often limited scale considered and the 
lack of more inclusive urban wide application. While many city centre locations are 
making large strides towards walking friendly environments, much of the suburbs are 
ignored and still essentially remain arteries for motor vehicle movements, despite being 
the areas where people live and spend most of their time. There is some indication in 
some of the research that more inclusive wide-scale data collection methods are being 
considered, making use of new technologies to mine data sources such as street view 
images and mobile phone data (e.g. Sevstuk et al, 2021; Koo et al, 2021; Nagata et al, 
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2021; Steinmetz-Wood et al, 2020), as well as more inclusive modelling techniques (Goel 
et al, 2018). There is also some recognition of the laudable state of walking provision in 
our urban areas and the need for more radical change (see Pooley, 2021). 

• Health (not just in relation to covid-19) remains an important area of research in relation 
to walking given the well documented health benefits. There is some evidence that 
studies are starting to consider longitudinal aspects of the research (see for example 
Zapata-Diomedi et al, 2017), though this clearly needs to go further as suggested by 
Winters et al (2017). 

• The emergence of the Covid-19 pandemic has the potential to accelerate change, but it 
is not clear if this will be permanent. Given the continuing uncertainty of how the 
pandemic will pan out it is very unclear if the initial responses in relation to provision for 
walking will continue or there will be further changes of direction. As this is being 
written many European countries seem to be heading for a new wave of rapidly rising 
cases and a new, possibly more transferable variant has appeared. One thing seems 
clear is that the rapid changes being experienced have the potential to lead to 
considerable rewriting of research and policy and perhaps as a result new opportunities 
for reconsidering transport more generally in our urban areas.  

• The most recent research reviewed here does not easily fit into the same 4 spatial 
scales identified by Winters et al (2017) in their review. This is not to say that the newer 
research is not relevant to those scales (indeed some of the studies could fit into one or 
more of the scales), rather that a lot of the research reviewed here seems to cross one 
or more of the scales. 

• Research on walking has long appeared to be outside of mainstream transport research, 
however, there is evidence here and from previous reviews that there is a healthy 
interest in the topic from academics from a wide range of backgrounds. It is difficult to 
know whether, given this, the lack of interest from within transport is a problem or not. 
It may partly arise from walking not simply being one thing – walking for transport, 
leisure walking, walking the dog, walking up hills, walking around supermarkets etc – it 
means different things do different people and in different contexts and as such doesn’t 
fit neatly into a box. It may also be partly to do with power relationships, being the poor 
relation in transport terms and existence (or not) of appropriate champions. 
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