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Introduction: Promoting walking has become a policy concern in the public health and transport
fields. Street improvement interventions aimed at increasing walking require an assessment of
their effectiveness in influencing walking behaviour. There is a current gap in understanding how
the magnitude of a change in walkability relates to a change in pedestrian volumes and walking
experience.
Methods: This study reports a before-after analysis of the effects of a built environment inter
vention in the walking behaviour of adults in Lisbon, Portugal. The Eixo Central project aimed at
improving walking conditions by changing physical factors in three sites – two avenues connected
by a plaza. Each site had particular and distinct improvement approaches. We performed a
before-after walkability assessment of the intervention area using a validated methodology, a
longitudinal analysis of the pedestrian volumes in the intervention sites and control areas, and a
quasi-longitudinal survey on the walking experience of residents, workers and frequent visitors of
the area.
Results: The Eixo Central project improved overall walking conditions. Walkability scores point to
changes of different magnitude in the walkability of each of the three sites. The results show a
significant change in the sites’ pedestrian volumes and walking experience between baseline and
follow up, and a non-significant change in the control areas’ pedestrian volumes in the same
period. We found higher walkability changes to be associated with a higher increase in pedestrian
volumes and to a higher positive influence in walking experience. Conversely, smaller scale
walkability changes were associated with a less expressive change in pedestrian volumes and
walking experience.
Conclusions: The results suggest that the scale of walkability change of environmental in
terventions is a significant factor in influencing walking behaviour. In this sense, smaller-scale
interventions may be effective in improving the walking experience but not as effective in
increasing walking activity.

1. Introduction
The preponderance of sedentary lifestyles and car-dependence have raised a concern on both health and transportation fields (Lee
* Corresponding author.
E-mail addresses: Paulo.cambra@tecnico.ulisboa.pt (P. Cambra), fmoura@tecnico.ulisboa.pt (F. Moura).
https://doi.org/10.1016/j.jth.2019.100797
Received 10 May 2019; Received in revised form 19 November 2019; Accepted 21 November 2019
Available online 25 November 2019
2214-1405/© 2019 Elsevier Ltd. All rights reserved.

Journal of Transport & Health 16 (2020) 100797

P. Cambra and F. Moura

and Moudon, 2004) The promotion of active travel has been recognized as a mean to achieve essential exercise. Walking, in particular,
has been found to provide a broad influence on public health (Frank et al., 2006) given the associated physical and psychological
benefits that can be incorporated for free into everyday life (Ogilvie et al., 2007). The role of built environment in facilitating or
hindering walking has been well established and reviewed in walkability research drawing from the fields of public health, trans
portation and urban planning (Forsyth and Krizek, 2010; Ewing et al., 2016). Following its rationale, it can be hypothesized that
improving the walking environment can positively influence walking behaviour, increasing pedestrian activity (e.g. the number of
trips, minutes of walking, modal change). Today, many cities aim in improving their environmental conditions in order to increase
residents’ health and wellbeing, driving investments to interventions that reshape the urban space into a more walking friendly
environment (Ferreira et al., 2016). Such investments, often involving high-costs, are made on the premise that a better environment
will have effects in walking behaviour, without reliable evidence of their effectiveness (Van de Coevering et al., 2015; Keall et al.,
2015). Various studies support the hypothesis that improving the walking environment at the street level can positively influence
walking behaviour. If on one hand it has been said that “micro-design elements are too ‘micro’ to exert any fundamental influences on
travel behaviour” (Cervero and Kockelman, 1997), on the other hand evidence on the influence that such micro-scale elements can
exert in walking, adding to the attractiveness of walking environments, has been put forward (Folt^
ete and Piombini, 2007; Adkins
et al., 2012; Ewing et al., 2016; Cain et al., 2017).
Despite the considerable body of research related to the environmental factors that enable walking, few studies have addressed the
assessment of before-after walking behaviour in relation to a built environment intervention. These have focused in two types of
interventions: the provision of new walking infrastructure and improvements to the pedestrian environment. Focusing on the provision
of new walking infrastructure, Panter et al. (2016) studied the effects of the opening of the Cambridgeshire Guided Busway (Cam
bridge, United Kingdom) which comprised a new bus network, and a 22 km traffic-free walking and cycling route. Their 3 year study
found no evidence of effects on time spent walking for transportation or recreation. Contrastingly, Pazin et al. (2016) reported a higher
increase in leisure time walking (around 30 min/week) of adults following a new walking route along the seashore of the city of
Florian�
opolis (Brazil). The new 2.3 km long walking and cycling route was said to bring a pleasant and traffic safe place for leisure
along the shore. Regarding environmental improvements, Sun et al. (2014) followed the effects of improved pedestrian connections
and the addition of bus stations in a Hong Kong University campus finding an increase in the average distance walked by students.
Jensen et al. (2017) addressed two street renovations in Salt Lake City (U.S.A.) which involved the addition of a new light rail line and
stops. They observed changes in pedestrian volumes in the two street interventions and in two control streets finding an increase of
pedestrians’ use in the renovated environments but not a significant change on the control locations. Jung et al. (2017) conducted a
comprehensive study on the effects of a large street environment program on the pedestrian volume and satisfaction in Seoul (Seoul’s
Design Street Project, South Korea). The Design Street project comprised 23 retrofit projects targeting sidewalk and public space
improvements. They examined the impact of the physical improvements in the pedestrian volumes and satisfaction observing 28
retrofitted locations (treatment group) and 218 control locations. They found a general increase in the pedestrian volumes of treatment
group location but also an increase in the pedestrian volume of the control areas, hence no evidence was found that the environmental
intervention attracted more pedestrians. On the other hand, pedestrian satisfaction increased only the streets of the Design Project
whilst decreasing in the control locations, showing evidence of a positive influence of environmental improvements in pedestrian
satisfaction.
The evidence found in existing studies is therefore mixed. Some interventions seem to have been more successful than others in
influencing walking behaviour. However the outcomes are not clearly comparable. Not only the analysis timespan varies from a few
months to 3 years, but also the dependent variable -walking behaviour-is addressed in various ways: time spent walking for trans
portation (Panter et al., 2016); time spent walking for leisure (Pazin et al., 2016); distance walked (Sun et al., 2014); pedestrian counts
(Jensen et al., 2017; Jung et al., 2017) and pedestrian satisfaction (Jung et al., 2017).
Regarding the latter, walking experience and the influence of experience in triggering walking behaviour have been somehow
overlooked in travel behaviour research (Ameli et al., 2015; Dadpour et al., 2016). Experiential qualities and satisfaction are factors
believed to trigger and sustain behaviour change (Isaacs, 2010; Ettema et al., 2011; Kim et al., 2014; Bornioli et al., 2018), whose
importance in shaping walking behaviour has been long recognized in the urban planning field (e.g. Lynch, 1960; Gehl, 1987, 2010;
Jacobs, 1993).
Also, while previous studies have reported on walking behaviour change there is still a gap in reporting the extent of the envi
ronmental changes in relation to behavioural change. Few studies have provided a comprehensive analysis of the context of the
intervention, namely in terms of before-after walkability levels. This poses a relevant implication: while the extent of effects in walking
behaviour may be related to the magnitude of the walkability change, in turn such magnitude (i.e. size and importance) is not
addressed, possibly conducing to the mixed results found in the literature.
Numerous methods and tools for walkability measurement have been proposed, spanning to the health, transportation, and urban
planning fields (see for instance the reviews of Gebel et al., 2007; Holle et al., 2012; Asadi-Shekari et al., 2013; Lee and Talen, 2014;
Vale et al., 2015; Wang and Yang, 2019). Some of these methods have been recognized and adopted by researchers in cross sectional
studies but only limited applications are found in longitudinal street improvement studies (e.g. Jensen et al., 2017). This kind of
environmental change comprises mostly micro factors, setting the scale of analysis to street level walkability. Established walkability
measurement methods often work on larger scale analysis, such as the neighbourhood (Saelens and Sallis, 2002; Frank et al., 2005;
Leslie et al., 2007). Others, like Walk Score ™, use gravity models to assess activities within walking reach disregarding environmental
factors (Hall and Ram, 2018). Walkability measures focusing on micro scale modifiable elements are somewhat less well established,
probably due to a more complex operationalization: street audits are usually required to collect street level data, being time consuming
and prone to subjectivity.
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Recent development proposals aimed to improve the feasibility of micro scale walkability measures. For instance Cain et al. (2017)
worked on the Microscale Audit for Pedestrian Streetscapes (MAPS) scale (Millstein et al., 2013) in order to reduce the number of
audited items and associated burden from 120 to 54. Later, the authors proposed an “international version” of this tool, highlighting
the importance of addressing a wider diversity of environmental factors found in different countries (Cain et al., 2018). In their recent
review, Wang and Yang (2019) found that the majority of walkability measurement tools are still originating from the USA, Australia
and Canada, despite a growing number of studies adapting walkability measures to local settings. Within the context of the present
study, Lisbon (Portugal), Moura et al. (2017) have proposed a walkability assessment framework addressing local pedestrian concerns
suitable for the longitudinal analysis of micro scale walkability. Moreover previous studies have validated the tool’s walkability
measures against one of the variables of interest, finding a significant and positive association between walkability scores and
pedestrian volumes (Cambra et al., 2017). Hence, this framework was selected to score the before-after walkability levels. In brief, the
IAAPE (Indicators of Accessibility and Attractiveness of Pedestrian Environments) walkability framework combines street auditing
with GIS analysis on a robust pedestrian network, providing a walkability score at the segment/block level.
This study aims to provide a systematic before-after evaluation of a street improvement intervention, assessing it in relation to
walkability change, change in pedestrian volumes and change in walking experience. To the best of our knowledge no previous studies
have provided a systematic evaluation of these three factors combined. One major contribution of this study is to fill this gap, shedding
light on the understanding why some interventions are successful in influencing walking behaviour and others are not. For this we
conducted a before-after study within the context of a major street retrofitting in Lisbon, collecting baseline and follow up data on
walkability and pedestrian flows and collecting a survey at follow up.
2. Methods
A large scale street improvement project was recently implemented in Lisbon, Portugal, presenting an opportunity to conduct a

Fig. 1. Eixo central, adjacent control and external control locations.
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quasi-experimental before-after assessment on the effects of enhanced walkability in pedestrian volumes and walking experience. In
particular, the before–after study of pedestrian volumes in relation to walkability change followed a quasi-experimental design whilst a
quasi-longitudinal survey addressed the before-after assessment of walking experience.
2.1. Study design
The use of quasi-experiments has been suggested to enable firmer causal inferences than cross-sectional observations in transport
behaviour research. (Krizek et al., 2009; Chapman et al., 2014). Quasi-experimental designs do not randomly assign control units
(Shadish et al., 2002), but often assign treatment and control groups at a larger scale, such as neighbourhoods (Van de Coevering et al.,
2015). Such control areas should match the characteristics of the area where the intervention takes place, or, in practical terms, they
should be at least “broadly comparable” as each area of a city is unique to some extent (Ogilvie et al., 2006). We considered two control
locations for the analysis of pedestrian volumes: the “adjacent” area and the “external” area (Fig. 1). The “adjacent” area comprised all
parallel and crossing street segments, similar to a 150 m buffer around the Eixo Central. The “external” control area comprised two
major streets (Av.Almirante Reis and R.Morais Soares) linked by a round plaza –Praça do Chile, with an average pedestrian volume
similar to the one of Eixo Central. The nodes of the “external” area and of the Eixo Central area are located at a straight line distance of
900 m, which correspond to a walking distance of 1.2 km and 16 min (using Google Maps online routing service). We considered the
“external” area to be sufficiently similar in terms of urban characteristics to the Eixo Central but also to be sufficiently far apart.
Likewise we considered the “adjacent” control area to be comparable in terms of population and urban characteristics.
Walking experience was addressed using a retrospective survey, following a quasi-longitudinal design. This involves asking re
spondents to recall information on a number of characteristics from a previous point in time as well as for the current time. Retro
spective surveys, being prone to memory errors and other inaccuracies are considered less reliable than longitudinal studies. However,
the use of retrospective surveys could be considered when longitudinal studies are not feasible (Behrens et al., 2010; Milakis and van
Wee, 2018). This is often the case in studies addressing travel behaviour change following environmental change (Handy et al., 2005;
Cao et al., 2007; Vale, 2013).
2.2. Walkability assessment
Walkability was assessed using the IAAPE framework proposed by Moura et al. (2017). This method addresses micro-level
walkability (i.e. street-level), providing 8 distinct specifications for assessing walkability according to 2 walking purposes (utili
tarian and recreational) and 4 pedestrian groups (adults, children, seniors, mobility impaired). A walkability score between 0 and 100
is obtained by means of a weight function whose inputs are 7 key-concerns: connectivity; convenience; comfort; conviviality;
conspicuousness; coexistence and commitment. The 7 key-concerns are evaluated using a set of indicators. According to Moura et al.
(2017) each model specification provides specific measurement indicators and weights. The indicators can be of qualitative or
quantitative nature, being operationalized using street audits and GIS analysis. Prior to the calculation of the walkability score all
indicators are normalized with value functions that convert qualitative and quantitative scales into a 0–100 range of values.
In the present case, the specification for adults and utilitarian walking was selected: the intervention occurred in an area that could
be considered to be a central business district and the majority of pedestrians using the area fit into the adult group. The walkability
score for each street segment is calculated using the following equation:
Walkability Score [Adults;Utilitarian] ¼ 0.17 * Connectivity þ 0.06 * Convenience þ 0.17*Comfort þ 0.17*Conviviality þ 0.11*Conspicu
ousness þ 0.22*Coexistence þ 0.11*Commitment
Regarding this specification, the indicator for connectivity is “Pedestrian infrastructure continuity”, convenience is related to “land
use diversity”, comfort to “pavement quality”, conviviality to “service hours of activities”; conspicuousness to the “presence of
distinctive landmarks”; coexistence to “traffic safety at pedestrian crossings”; and commitment to “the enforcement of pedestrian
accessibility regulation”. Within these factors, it is expected some to be less respondent to change within a consolidated mixed-use
urban area (e.g. network structure, land use diversity) whilst others can undergo significant change following a street retrofitting
(e.g. pavement quality, crossing safety). The model was operationalized as follows:
� Connectivity: the pedestrian infrastructure continuity indicator was measured using a topological sinuosity indicator, i.e. the ratio
between least-cost topological length and the Euclidean distance between census block centroids. ESRI ArcMap 10 Network Analyst
package was used to perform the calculation over a digitized pedestrian network. The digital pedestrian network, obtained by
manual digitization, categorizes each topological component of the pedestrian network (Cambra et al., 2019).
� Convenience: Land use diversity was measured by field observation in a 0 to 4 scale, observing the presence of up to 4 classes of land
uses – residential; commercial; services and public facilities – within a street segment, classifying as 0 a vacant lot.
� Comfort: Pavement quality was measured qualitatively on site, in a 1–5 scale, ranging from presence of holes, irregular pavement
(1) to smooth and regular pavement (5), combined with the assessment of tripping hazards (dichotomous 0/1).
� Conviviality: The Service hours indicator was measured by a dummy variable where 1 denoted any activities located in the street
segment working after 19 pm (e.g. cafes, shops).
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� Conspicuousness The existence of landmarks was measured on site, in a 0–2 scale where 0 corresponded to inexistent or visible
landmarks (e.g. monuments, distinctive buildings or shops, squares, etc.); 1 if landmarks could be seen from the centre of the street
segment and 2 if landmarks were located at the street segment.
� Coexistence: Traffic safety at pedestrian crossings was obtained by a combined assessment of crossing configuration (number of
lanes and traffic directions); crossing visibility and potential crossing conflicts (number of car movements that can hit a crossing
pedestrian)
� Commitment: Enforcement of pedestrian regulations/law enforcement was calculated by the ratio of street segments complying
with the local pedestrian accessibility regulations within the street segment’s census block.
2.3. Settings
The Eixo Central project was planned in the scope of a public participation process in 2012, where Lisbon residents selected the
creation of an accessible pedestrian route between two important transportation nodes, Entrecampos, and Marqu^es de Pombal. Despite
the existence of specific regulation on pedestrian accessibility (Disability act – Portuguese Decree Law 163/2006) to enforce accessible
conditions to all pedestrians, most of Lisbon’s pedestrian network still inflicts accessibility constraints to impaired citizens.
The development of the project brought out a set of more extensive changes to the environment than the creation of an accessible
pedestrian route. The Municipality of Lisbon laid as bold objectives for the intervention to provide “more green spaces, more side
walks, more sitting out, more people, and fewer cars”. The project involved the retrofitting of two of the city’s main avenues (Avenida

Fig. 2. Av.da República site - project expectations a) before and b) after; street imagery c) before (Jun 2014) and d) after (Aug 2018); pedestrian
perspective at present e) morning off-peak (10 h–10h30 a.m.) and f) afternoon peak (18 h–18h30 p.m.).
5

Journal of Transport & Health 16 (2020) 100797

P. Cambra and F. Moura

da República and Avenida Fontes Pereira de Melo), linked by a plaza (Saldanha Square), comprehending the redesign of the allocated
space for private cars, for public transportation, for parking, for bicycles, and for pedestrians. A new cycling infrastructure was built
along the Eixo Central. There were no changes in the local public transportation services (bus, metro, and train) serving the Eixo
Central and the control areas.
The Eixo Central intervention area is a consolidated mixed-use area dating from early 20th century when it was designed according
to the French "boulevard" urban standards of the time, consisting in a regular grid, with wide and long avenues with tree alignments. It
became an important office location and a cluster of private clinics, serving also as one main transportation corridor. There was fierce
opposition to the project, namely from car users (especially residents) concerned with having less parking spaces and more congestion
due to the reduction of traffic lanes. The implementation started in June 2016 and was finished in February 2017. The project
considered distinct design approaches along the Eixo Central, namely within three sections:
1) Avenida da República: A 1.500 m long and 50 m wide avenue with dense (8 stories) occupation, served by bus, underground lines
and train.
2) Avenida Fontes Pereira de Melo: A 900 m long and 30 m wide avenue, with a relatively less dense occupation, served by bus and
underground lines
3) Saldanha square: A round plaza (65 m radius) connecting the afore-mentioned avenues to other street links.
Figs. 2–4 show the before and after phases of the street interventions using imagery from the Project communication (a, b); from
online map services (c, d) and from the pedestrian perspective (September 2019). The interested reader can browse time lapse imagery
of the Eixo Central sections from 2009 to 2014 (before) to as recently as 2018 (after) using Google Maps™ Street View application
(geolocation details are provided in Appendix B).

Fig. 3. Saldanha site project expectations a) before and b) after; street imagery c) before (Jul 2014) and d) after (Sep 2018); pedestrian perspective
at present e) morning off-peak (10 h–10h30 a.m.) and f) afternoon peak (18 h–18h30 p.m.).
6
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Fig. 4. Av. Fontes Pereira de Melo site - project expectations a) before and b) after; street imagery c) before (Jun 2009) and d) after (Sep 2018);
pedestrian perspective at present e) morning off-peak (10 h–10h30 a.m.) and f) afternoon peak (18 h–18h30 p.m.).

3. Data collection
We analysed the three sections before and after the intervention, collecting walkability data and pedestrian volumes. We controlled
for pedestrian volumes in two control groups: one “adjoining group” consisting of neighbouring locations and one “external group”
located in a neighbourhood approximately 1 km away from Eixo Central with comparable urban characteristics. During the imple
mentation of the Eixo Central project, no other environmental interventions occurred in the control locations.
3.1. Walkability
Walkability was assessed for all street segments, i.e. block faces, found in the Eixo Central intervention sections, in a total of 37
street segments (Fig. 1). Of these 20 were located in Av.República; 5 located in Saldanha square and 12 located in Av.Fontes Pereira de
Melo. Walkability audits were performed at baseline (June 2016) and follow-up (June 2017) using the IAAPE walkability framework.
Previous work tested the tool to uncertainty relating to data collection, finding reliable inter-rater agreement and acceptable
robustness (Abreu, 2017). Nonetheless, for convenience, the audits were conducted by the same trained auditor at baseline and
follow-up. For each site, data of the individual segments walkability score were aggregated into a mean walkability score using their
mean value, in a 0–100 scale. The surrounding area (adjacent and parallel streets) was surveyed for noticeable environment and land
use changes. No evident changes in the pedestrian environment were observed therefore walkability scores were assumed constant
between the baseline and follow-up period.

7
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3.2. Pedestrian counts
Counting locations were selected considering a combination of factors, namely the variability of the street environment; beforeafter expectations; existence of previous observations; pilot pedestrian counts; proximity to transit; available resources and oper
ationalization of the counting procedure. The individual street environment presented slight variability, as most physical elements
could be found in repetition across and along each street. Yet, we ensured the counting locations to cover both sides of the Eixo Central
streets, and to be as spatially distributed as possible. We first selected the locations that reflected the before-after expectations of the
project (as depicted in Figs. 2–4), the locations for which we had previous count data, the ones closer and the ones farther to main
transit (train, underground). We then performed a series of pilot pedestrian counts in the Eixo Central area and in the control locations,
screening out highly correlated locations. We fine-tuned the locations according to the number of available auditors and the oper
ationalization of the counting procedure. One auditor ought to observe pedestrian flows for 10 min within a 90 min period. Given the
time lost to preparation and moving between counting locations, we assigned 4 distributed locations per auditor.
In total we were able to monitor 20 locations, of which 11 were distributed in the Eixo Central sites (5 in Av.República; 2 in
Saldanha Square; 4 in Av.Fontes Pereira de Melo), 5 in the “adjacent” control area and 4 in the “external” control area, as illustrated in
Fig. 1.
Pedestrian flow data was collected in situ by a team of trained auditors. Pedestrians were counted using the “gate method” con
sisting of a tally count of people passing through an imaginary screen line across the sidewalk (Vaughan and Grajewski, 2001). Each
counting location was observed for 5 consecutive working days, at 5 counting periods: 1) Morning peak period – 8:00 to 9:30 a.m.; 2)
Morning off-peak – 10:00 to 11:30 a.m.; 3) Lunch peak period – 12:30 to 14:00 p.m.; 4) Afternoon off-peak – 15:00 to 16:30 p.m. and 5)
Afternoon peak period – 17:00 to 18:30 p.m. Counts were also performed Saturday for 2 counting periods: morning off-peak
(10:00–11:30 a.m.) and lunch peak (12:30 to 14:00 p.m.). Given the area’s functional characteristics, comparable to a central busi
ness district, only the work day flows were used in the analysis. The duration of the counting was determined by the pedestrian flow
characteristics, where a period of 10 min was found to provide stable observations (Cambra et al., 2017). The average values for each
daily period for each location were used in the statistical analysis, yielding a total of 100 observations (20 locations; 5 time periods).
The pedestrian count at baseline took place in the first week of July, from Monday to Friday, between the 4th and the July 8, 2016. The
pedestrian count at follow-up took place one year after, between the 3rd and 7th July. Weather conditions were stable and similar in
both occasions, consistent of Mediterranean summer: mostly warm (mean average daily temperature ¼ 20 � C; SD ¼ 1.78 � C), dry and
sunny days. The observed pedestrian flows (pedestrians/10 min) were converted to an hourly estimation of pedestrian volumes
(pedestrians/hour) using the average flow per counting period (Hillier and Iida, 2005). Hence the 25 observed flows per location (5
days, 5 periods) resulted in 5 estimations of pedestrian volume -hourly average of each counting period during the week-per location.
The rounded hourly average volumes were then used in the before-after analysis.
3.3. Walking experience
Walking experience was addressed upon completion of the street intervention. We were interested in capturing a self-assessment of
the before-and-after experience of people that used the Eixo Central area. A survey was launched at the end of autumn 2017, allowing
an experimental period of 6 months after the official inauguration/opening but before harsher weather conditions that could bias the
experience rating.
The survey followed a quasi-longitudinal design. People were asked to provide their opinion on the present experience of walking
in the streets of Eixo Central as well as to recall their past experience, relating to baseline walking conditions. The walking experience
was rated in a 9 point scale, assuming equidistant rating intervals. The lowest score, 1, represented an unpleasant experience, i.e., a
street to avoid. Conversely, a score of 9 represented a very pleasant walk. The survey was formatted as a web form, compatible with
smartphone use. We asked several local entities to spread the survey through their mailing lists. These included major company offices,
two universities located in the area, local government, residents associations and social network forums dedicated to the discussion of
local urban issues. The survey was submitted for appreciation and approved by the Board of Administration of Instituto Superior
T�
ecnico. All survey respondents were required to grant permission to the use of their data for academic purposes, being warranted
anonymity.
3.4. Statistical analysis
We performed paired t-tests to assess the changes in average values of walkability, pedestrian volumes and walking experience
between baseline and follow up. The variables of interest were analysed for their suitability of application of parametric tests, setting a
valid threshold for skewness and kurtosis values between 2 and þ2, having met the required assumptions. The statistical analyses
were executed in IBM SPSS version 22, using a significance level of 5%.
4. Results
4.1. Before-after walkability
The implementation of the project produced different environment changes within the 3 sites of Eixo Central. The intervention can
be described according to the “7 C” layout of the walkability model as follows:
8
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Connectivity: The pedestrian network structure presented only marginal changes, relating to the repositioning of pedestrian
crossings locations. No changes were observed in the control areas.
Convenience: The land use mix remained stable. There were no evident changes in the activities present either in Eixo Central or in
the control areas. The buildings under construction or renovation as well as the vacant commercial spaces observed at baseline were
not completed nor at use at follow up.
Comfort: The sidewalk pavement quality was improved in Av.República and Saldanha but not in Av.Fontes Pereira de Melo nor in
the control area. The change consisted in the implementation of a “comfort stripe” – a stripe made of concrete providing a more
regular, smooth and comfortable pavement when compared to the standard Portuguese cobblestoned pavement used in Lisbon.
Conviviality: Kiosks offering drinks and light meals were placed in the plazas created in Saldanha and Av.Fontes Pereira de Melo,
providing outdoor sitting places with extended working hours. In Av. República and in the control areas there were no noticeable
changes.
Conspicuousness: The new plaza design in the Saldanha and Av.Fontes Pereira de Melo created distinguishable urbanscape el
ements and a new sense of place.
Coexistence: Crossing safety was targeted by the Eixo Central project. In all main intersections of the area, the turning radius was
reduced in order to slow down turning traffic; and crossing refuges were enlarged.
Commitment: Existing regulations on pedestrian accessibility were enforced along the Eixo Central area, namely by levelling
sidewalk curbs; providing a minimum obstacle free walking width of 1,5 m; introducing tactile paving at pedestrian crossings. In some
cases, in the adjacent streets, these measures were also applied. In the external control area, there was no change.
The aforementioned changes were captured and measured to some extent by the models’ indicators and translated into quantitative
walkability scores. Table 1 shows the mean walkability score for each site, obtained by the average of the site’s individual street
segment score.
Average walkability scores show that initial conditions were very similar in the 3 sites, with a score around 71 points. This is a
relatively high score when compared to average values of other streets in Lisbon, considering Cambra et al. (2017) who reported an
average walkability score of 64 for a comprehensive sample of streets in the same neighbourhood.
While the increase in walkability scores was primarily related to the improvement of pavement quality and comfort, the distinction
between each site can be related to the sojourning opportunities introduced, providing a more convivial environment.
On average, we found the difference in before-after walkability to be higher in Saldanha (M ¼ 10.21, SE ¼ 2.48), t(4) ¼ 4.11, p <
.05, r ¼ 0.90; followed by Av. República (M ¼ 6.57, SE ¼ 1.36), t(19) ¼ 4.83, p < .001, r ¼ 0.74. The change in overall walkability of
Av. Fontes Pereira de Melo was positive but not significant (M ¼ 3.82, SE ¼ 3.01), t(11) ¼ 1.27, p ¼ .23, r ¼ 0.36.
The surrounding area (adjacent and parallel streets) was surveyed for noticeable environment and land use changes. As there were
no evident changes in the pedestrian environment, walkability scores were assumed constant between the baseline and follow-up
period.
4.2. Before-after pedestrian volume
The average number of pedestrians walking in the Eixo Central increased between baseline and follow up (Table 2). A significant
increase was observed in Saldanha (M ¼ 178, SE ¼ 45) t(9) ¼ 3.98, p < .01, r ¼ 0.80; and in Av. República (M ¼ 58, SE ¼ 16), t(24) ¼
3.56, p < .01, r ¼ 0.59; and a positive but less significant change was observed in Av. Fontes Pereira de Melo (M ¼ 37, SE ¼ 18), t(19) ¼
2.03, p ¼ .056, r ¼ 0.42.
In the control locations the variation in the average pedestrian volume was not significant. In the adjacent streets there was a slight
decrease (M ¼ 14, SE ¼ 14), t(24) ¼ -0.98, p ¼ .335, r ¼ 0.20; whereas in the external area there was a slight increase (M ¼ 19, SE ¼
16), t(19) ¼ 1.21, p ¼ .242, r ¼ 0.27. We found evidence of an increase in the pedestrian volumes of the intervention area following the
street renovation. The increase was significant in the Av. República (11.4%; p < .001) and Saldanha (29.9%; p < .001) sections and
marginally significant in Av. Fontes Pereira de Melo section (8.5%; p ¼ .056). There was no significant change of the pedestrian
volumes in the control streets, either located in the vicinity of the Eixo Central ( 3.2%; p ¼ .335) or located in a different neigh
bourhood (3.1%; p ¼ .242). We calculated Spearman’s rank correlation coefficient s for all pairs of measures. Walkability scores and
walking experience were found to be the most correlated (rho ¼ .943; p < .01) whilst the other associations showed no statistical
significance.
Fig. 5 shows the values for before-after pedestrian volumes in relation to before-after walkability scores. Before the intervention,
the walkability scores were relatively similar with an apparent low correlation to pedestrian volumes. The highest pedestrian volumes
Table 1
Comparison of before-after walkability scores.
Intervention site

Walkability Score [0; 100]
T1 - Before

Av.República
Saldanha
Av.Fontes Pereira de Melo

T2 -After

Paired samples test

Mean

SD

Mean

SD

Mean T2 – T1

SE

t

df

r

p

71.86
71.03
71.22

7.95
7.05
9.99

78.43
81.24
75.04

6.23
6.21
6.85

6.57
10.21
3.82

1.36
2.48
3.01

4.83
4.11
1.27

19
4
11

0.74
0.90
0.36

.000
.015
.232

9

Journal of Transport & Health 16 (2020) 100797

P. Cambra and F. Moura

Table 2
Comparison of before-after pedestrian flow volumes.
Intervention site

Pedestrian Volume (pedestrians/hour)
T1 -Before

Av.República
Saldanha
Av.Fontes Pereira de Melo

T2 -After

Paired samples test

Mean

SD

Mean

SD

Mean T2-T1

SE

t

df

r

p

528
581
424

202
253
165

586
758
461

240
216
152

58
178
37

16
45
18

3.56
3.98
2.03

24
9
19

0.59
0.80
0.42

.002
.003
.056

377
583

174
241

363
602

161
218

14
19

14
16

0.98
1.21

24
19

0.20
0.27

.335
.242

Controls
Adjacent streets
External area

were found in Saldanha (M ¼ 581, SD ¼ 254), despite having the lowest average walkability score (M ¼ 71.03, SD ¼ 7.05). After the
intervention the values of walkability scores and pedestrian volumes suggest an ordered arrangement.
4.3. Before-after walking experience
We obtained 1.166 completed surveys, of which we screened out people who were not familiar with the intervention area; did not
recall the street environment prior to the intervention; or did not visit the area after the intervention. The final valid sample comprised
802 individuals who lived, worked or visited the area. The survey sample characteristics are presented in Table 3.
The survey sample was mainly composed of adult respondents with higher education, mostly workers and visitors. The sample is
representative of the users of this city area, being a prime office location, hosting two tertiary education campuses and also being a
high-end residential location. However, the senior population was underrepresented in the survey, probably due to the fact that we
resorted to a web-based survey.
The self-reported walking experience was similar for the 3 sites at baseline (Table 4). In the 9-levels Likert scale used for assessing
walking experience, scores for the initial conditions were slightly above the mean scale value. People reported an increase in their
walking experience following the intervention in the 3 studied locations. The difference in walking experience was significantly higher
in Saldanha (M ¼ 2.37; p < .001), followed by Av. República (M ¼ 2.15; p < .001) and Av. FPM (M ¼ 1.92; p < .001).
Fig. 6 presents the values for before-after walking experience in relation to before-after walkability scores. Walking experience was
found to be very similar in the three sections prior to the intervention, being clustered with the walkability scores. The appreciation of
the walking experience after the renovations increased in line with the increase in average walkability score, suggesting also an or
dered arrangement. On the other hand the arrangement of the pedestrian volume and walking experience values was maintained,
suggesting a somewhat inelastic relation (Fig. 7).
Table 3
Characteristics of the survey sample.
Variable
Sex
Female
Male
Age group
<20
20-34
35-65
>65
Education
missing
Less than high school
High School
Technical school
University or higher
Activity in the area
Resident
Worker/Student
Visitor
Employment status
Worker
Student
Retired
Family caretaker
Unemployed
Other

10

n

%

384
418

48
52

21
331
404
46

3
41
50
6

3
3
90
39
667

0.4
0.4
11
5
84

144
362
296

18
45
37

513
221
44
2
8
14

64
28
6
0.2
1
2
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Table 4
Comparison of before-after rating of walking experience.
Intervention site

Walking Experience [1; 9]
T1 - Before

Av.República
Saldanha
Av.Fontes Pereira de Melo

T2 - After

Paired samples test

Mean

SD

Mean

SD

Mean T2-T1

SE

t

df

r

p

4.84
4.83
4.63

1.57
1.67
1.7

6.99
7.21
6.56

1.57
1.58
1.7

2.16
2.37
1.92

0.07
0.08
0.08

29.85
28.39
24.87

801
800
800

0.73
0.71
0.66

.000
.000
.000

The relation between the three studied variables before and after the intervention are summarized in Figs. 8, 9 and 10
(Appendix A). In order to harmonize the different measurement units the variables were rescaled to a 1–10 measurement scale.
5. Discussion
Our study evaluated the relations of walkability, pedestrian volume and walking experience before and after a street improvement
intervention in three connected but distinct sections. We used a longitudinal study design to examine walkability and pedestrian
volume, and a quasi-longitudinal design to evaluate the walking experience. The walkability score increased at different levels within
each section. The pedestrian volume increased in the intervention sites, while in the control areas no significant change was observed.
In addition, people reported a more satisfying walking experience following the intervention. Finally, we found a positive relationship
between the magnitude of change in walkability and the changes in pedestrian volume and walking experience.
Our results suggest that walkability, walking experience, and pedestrian flows are related and that the observed change in the
pedestrian volumes and walking experience are associated with the change in walkability. This relation highlights the fact that a higher
improvement in walkability can be associated with a higher improvement in walking experience as well as to higher pedestrian ac
tivity. This was particularly noticeable in the Saldanha section where the change in the pedestrian environment was more intense
(Fig. 8). Likewise, a more contentious environmental change was associated with less significant changes in walking experience and
pedestrian volumes. This was the case of the Av. Fontes Pereira de Melo section (Fig. 9), where the difference in walkability scores
before and after the intervention was not significant.
According to these data, we can infer that using a unidimensional before-after scale to interpret the behaviour effects would have
provided mixed or contradictory findings. The mixed findings would be related to having observed an increase in pedestrian volume
following a BE intervention in one section whilst observing no increase of pedestrian volume in another area with the same inter
vention. By using a walkability score to measure the extent and importance of the BE intervention we were able to differentiate be
tween levels of walkability change obtaining a more consistent interpretation of the results. Figs. 8, 9 and 10 illustrate these findings,
showing how the observed changes in pedestrian volume and walking experience relate to the measured changes in walkability at each
intervention section.
Another relevant finding is that the average pedestrian volume increased only in the intervention area while remaining stable in the
adjacent streets and in the external control area. Other studies have reported an increase in pedestrian volumes in retrofitted streets (e.
g. Shu et al., 2014; Jensen et al., 2017) but not all studies have included a control area in their observations (Stappers et al., 2018). In
comparison, Jung et al. (2017) addressed a comprehensive street intervention program finding that the pedestrian volumes increased
not only in the intervention areas but also in control areas, and approximately at the same rate.
In contrast to earlier findings, we were able to observe located and confined effects, thus supporting the hypothesis that a causal
link of some extent may exist between walkability improvement and pedestrian activity. However, the present results meet only
partially the conditions to establish causality, namely association; time precedence; plausibility and non-spuriousness (Van de
Coevering et al., 2015). While time precedence and plausibility conditions can be claimed here, the statistical association and
non-spuriousness conditions are less clear. There may be spurious relations to unobserved variables. In particular, tourism has been
growing in the city of Lisbon, and the flow of tourists and visitors is noticeable in several parts of the city. Although the studied area is
not part of the touristic routes it is possible that some of the increase in the number of people walking is due to tourism.
The present study did not find evidence to support a causal relationship between the increase in walkability and the increase in
pedestrian activity. However, the evidence that the increase in pedestrian activity occurred only in the locations where there was a
significant change in walkability cannot rule out the hypothesis of a causal relation.
Another interesting finding is that the walking experience increased in all sections, regardless of less significant changes in
walkability and pedestrian flow. There are several possible explanations for this result. The first, consistent with Jung et al. (2017), is
that smaller scale environmental interventions may be effective in improving the satisfaction of pedestrians whilst being less effective
in triggering behaviour change. The second is that improving satisfaction with the walking environment is not a determinant per se to
affect pedestrian flow numbers. In accordance, previous studies have demonstrated an increase in pedestrian volume following a
decrease in walking experience (Jung et al., 2017). It is possible that the purpose of the walking trip plays a pivotal role in the relation
between experience and activity. On one hand, utilitarian walking trips, occurring as a result of necessity could be less responsive to
€w et al., 2014). On the other hand, recreational walking trips, essentially voluntary, could be more
environmental quality (Lindelo
sensitive to a satisfactory pedestrian environment (Kim et al., 2014).
Concomitantly, providing a more pleasurable experience may be a prerequisite in shaping a specific walking behaviour, in
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particular in recreational or non-transportation bouts. The prominent physical factors influencing walking experience seem to be
related to the aesthetic quality of the built environment (Dadpour et al., 2016), its imageability (Ameli et al., 2015), the available space
to walk, and presence of green elements, such as trees (Kim et al., 2014). The Eixo Central project enhanced the public space thus
affecting the aesthetic and imagistic qualities of the environment, as well as increasing the pedestrian space. It is interesting to note
that while the aesthetic factors believed to influence walking experience are not addressed by the 7 C layout of the walkability
assessment model, still a positive and significant correlation was found between the walkability score and the reported experience.
Hence, some of the 7 C layout factors seem to be also relevant in influencing walking experience.
5.1. Strengths and limitations
Environmental interventions occur at different scales, ranging from isolated aesthetics enhancements to the provision of new
infrastructure. Examining possible behavioural outcomes of such interventions without considering the context and scale of the
intervention may blur the interpretation of results. The present study has provided a systematic before-after evaluation of a street
improvement intervention, assessing changes in walkability, pedestrian volumes and walking experience. Key strengths of this study
include the use of a validated walkability assessment model to assess the extent of the environmental change and the application of a
quasi-experimental study design to examine pedestrian volumes using two control areas to better isolate the potential effects in
walking levels.
There are however limitations that should be considered when interpreting the results, namely relating to the assessment of
walkability and walking experience. There were noticeable environmental changes that were not fully captured by the walkability
model, relating to design qualities such as imageability, enclosure and human scale (Ewing and Handy, 2009; Ameli et al., 2015) and to
the provision of amenities and greenery. For instance, in Av. República, the sidewalks were enlarged by more than 2 m (taking up a
parking lane) doubling their width, consequently changing the centreline perspective of the street. In Saldanha, the plaza layout
provided more open public space for walking and sojourning. In Av. Fontes Pereira de Melo, there was also a plaza created but the
majority of the street kept the original design. The enlargement of the sidewalks changed the perspective of the pedestrian in relation
to the street, providing a different reading of the human scale in comparison to the motorized traffic space. Also, replacing traffic lanes
by pedestrian space led to fewer nuisances from close traffic.
New amenities were installed in all Eixo Central sites, namely benches, LED lighting oriented to the sidewalk, greenery, and trees.
Some of these factors are often considered relevant in other walkability assessment models. The IAAPE walkability assessment
framework was developed using a participatory method for selecting and ranking relevant factors, involving local stakeholders (Moura
et al., 2017). None of the panels who participated in the selection and ranking of walkability factors regarded indicators as greenery or
lighting as being meaningful in their perception of a walking friendly environment, contrasting to other studies. A study by Dauden
et al. (2009) found that greenery was one of the most important factors for pedestrians in Spanish cites, whose built and social en
vironments share some similarities to the ones found in Lisbon. Perhaps in the local context of Lisbon other factors are perceived as
more relevant by people at present. In accordance to Alfonzo’s model of hierarchy of walking needs (Alfonzo, 2005) it could be ex
pected that upon satisfaction of basic concerns (e.g. pavement quality) other concerns gain more relevance (e.g. greenery).
Also, it may be that what people consider to be pedestrian friendly is somewhat different of what people consider to be a plea
surable walking experience. The former concept may be more related to the physical interaction with the environment while the latter
may be more related to the sensorial and emotional interaction. Refining the methods for assessing walking experience will be a
necessary step to further investigate the role of environmental change in providing a more pleasurable experience which in turn may
favour walking. Recent research has addressed the development of travel satisfaction scales (Ettema et al., 2011; De Vos et al., 2015),
also with a focus in measuring walking experience (Johansson et al., 2017; De Vos, 2018). For instance, Johansson et al. (2017) used
on-site, walking along, questionnaires based on a 15 item Likert scale to address walking experience, finding that the affective
experience of walking mediated the effect of perceived urban design qualities in the intention to walk. Multiple measurement scales
may provide stronger report measures than single-item questions used in the present study and similar ones (Jung et al., 2017). Future
studies should consider controlling for factors such as seasonal variation and attachment to the study area amongst others.
As argued by Jacobs (1993) it is possible that the social environment plays a bigger role in attracting people to a street than the
physical environment, and therefore the results of this study may not be generalized to other urban contexts. Other prospective studies
are encouraged to assemble a catalogue of before-after assessment studies in different urban contexts and geographies and to
consolidate walkability measures that can provide a solid basis for benchmarking. Further research could usefully explore the use of
different walkability measurement approaches in order to strengthen the evidence on the relation between walkability improvement
and behaviour change.
Eventually, comprehensive longitudinal evaluations of environmental changes will require improved walkability scoring tools that
are sensitive to change in micro-scale factors and to urban design qualities. The development of these tools and the availability of open
data (e.g. automated pedestrian counts) should also contribute to overcome the inherent challenges of documenting the effects of
pedestrian interventions. But it is important to note, in accordance to Krizek et al. (2009) that the body of intervention studies will only
grow if policy makers, communities and researchers work together for rigorous and timely evaluations.
5.2. Conclusions
This study evaluated the relations of walkability, pedestrian volumes and walking experience before and after a comprehensive
street intervention. To the best of our knowledge no previous studies have provided a systematic evaluation of these three factors
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combined. The evidence found suggests that the scale of environmental interventions matters for triggering effects in walking
behaviour. Smaller scale interventions, affecting single micro-factors may not be as effective in influencing walking behaviour as larger
scale interventions where a change in walkability de facto takes place. In other words, making people walk more may require sub
stantial environmental change. On the other hand smaller scale interventions seem to be effective in increasing the pedestrian
satisfaction. Policy-wise, targeting the improvement of the population satisfaction can be a goal on its own hence smaller scale street
improvements could be also considered to be successful. In this regard, the understanding of what constitutes a successful intervention
to promote walking requires further reflection.
Further research is needed also to better understand the role of experience as a mediator between the perceived environment and
active travel behaviour and to discern which population groups may be more reactive to changes in the built environment. The un
derstanding of which factors are more influential to whom and which synergies between the factors can provide more accomplished
results are key to guide future urban interventions and policies aimed at increasing walking.
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Appendix A

Fig. 5. Graphical evaluation of the Before-After changes in the pedestrian volume in relation to measured walkability at each intervention site.
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Fig. 6. Graphical evaluation of the Before-After changes in surveyed walking experience in relation to measured walkability at each interven
tion site.

Fig. 7. Graphical evaluation of the Before-After changes in the pedestrian volume in relation to surveyed walking experience at each interven
tion site
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Fig. 8. Walkability score, pedestrian volume and walking experience before and after intervention at section 1) Avenida da República.1
1
RescaledValue¼((10-1)/(Max(Observed)-Min(Observed))*((Value(Observed)-Max(Observed))þ10.

Fig. 9. Walkability score, pedestrian volume and walking experience before and after intervention at section 2) Saldanha1
1
RescaledValue¼((10-1)/(Max(Observed)-Min(Observed))*((Value(Observed)-Max(Observed))þ10.
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Fig. 10. Walkability score, pedestrian volume and walking experience before and after intervention at section 3) Avenida Fontes Pereira de Melo1
1
RescaledValue¼((10-1)/(Max(Observed)-Min(Observed))*((Value(Observed)-Max(Observed))þ10.
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