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Perceptions of the environment shape individual mobility decisions and represent 
the ‘lived reality’ of accessibility and walkability. Yet recent common walkability 
analyses and instruments try to include perceptions of different population groups 
without integrating them into practical tools. However, there is a need for a holis-
tic tool as a basis for transport planners and researchers to integrate the various 
aspects of walkability into one instrument. This paper investigates multiple rela-
tions between different walkability concept parameters and presents the develop-
ment of the Perceived Environment Walking Index (PEWI). To achieve this, we used 
a multi-method study design and developed and tested the PEWI in two urban 
neighbourhoods in Hamburg in three steps. First, we calculated the objective walk-
ing accessibility using GIS based on the well-known Walk Score®. Second, we inte-
grated 18 indicators representing physical features and the quality of the walking 
route, alongside subjective perceptions of walking accessibility broken down into 
the categories of functionality, safety and security as well as pleasantness and 
attractiveness. Key results imply that integrating these indicators into an existing 
accessibility tool is a promising, nuanced method for an improved picture of walk-
ability and accessibility whereas indices focusing only on distances or travel times 
are not sufficient to represent the lived reality. The implications of our results are 
discussed with regard to future research gaps and policy.
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1 Introduction
Accessible and walkable places are characteristic of modern, sustainable cities. Walking has 
the potential to support low emission transport, reduce car dependency and increase social 
equity and inclusion. Walking is included in almost all trips as the main transport mode or as 
a feeder for public transport or the car (D’Orso and Migliore, 2020).
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The World Health Organization (WHO) cautions against an inactive lifestyle and the result-
ing public health problems (WHO, 2002). Therefore, the inactive lifestyle of Western society 
should be counteracted by promoting physical activity as a multi-determined behaviour to 
minimise far-reaching health consequences in the form of an increased risk of chronic car-
diovascular disease (Manson et al., 2002; Frank et al., 2006). It is assumed that environmental 
factors, such as neighbourhood walkability, have a considerable influence on walking and 
thus on the risk of developing chronic diseases (Killingsworth et al., 2003; Sallis et al., 2005; 
Thielman et al., 2015; Van Holle et al., 2012). So, increasing physical activity, with the focus on 
walking through the creation of healthy living environments, seems an important goal (WHO, 
2002). In the past two decades, urban planners and transportation researchers studied the 
influence of the urban form on walking. Results point towards a connection between active 
transportation and urban form variables whereby pedestrian-friendly surroundings are asso-
ciated with a decreasing risk of overweight or obesity (Glazier et al., 2012).

However, the sole explanation for walking behaviour by environmental factors seems 
to fall short. The decision to engage in physical activity is typically considered as a person-
environment interaction (e.g., Reyer et al., 2014). Accordingly, personal factors are therefore 
individual prerequisites and can be defined alongside socio-demographics as internal psycho-
logical concepts, such as attitudes or perceptions. These factors result from complex or subtle 
relationships with physical features. There is no doubt that environmental factors influence 
travel behaviour, but this influence is mediated by individual perceptions of the environment 
(Gebel et al., 2011).

Urban planning and transportation research widely uses two concepts to investigate and 
analyse public space with regard to influencing factors on walking: the concepts of walking 
accessibility and walkability.

In the literature, walkability and walking accessibility are sometimes used synonymously 
(Blecic et al., 2020). However, walkability is mostly understood as an overall concept that 
examines a place or route, for example, a destination, an urban neighbourhood or a street 
segment, in terms of its pedestrian friendliness. Walkability is described using different indi-
cators, density, design, diversity, accessibility of facilities and the like. Walking accessibility is 
thus seen as an important component of walkability, jointly with other components, such 
as safety, design, and so on (Frank et al., 2015). Walking accessibility has transport, land-use, 
temporal and individual components (Geurs and van Wee, 2004). It can be divided into sub-
jective and objective measurements. It is usually measured objectively to reflect the separa-
tion of people from places (measured by distance or travel time), that is, how far people 
would walk to access different services. Walking accessibility is clearly destination oriented 
and requires a spatial relation (most often an origin and destination of a route or journey). 
We follow this understanding of walking accessibility, whilst discussing walkability as an over-
arching concept.

As one important factor for walkability, the concept of accessibilities is highly varied with 
important outcomes. For example, it results in positive effects on well-being (Lättman, 2018) 
and social inclusion (Currie and Stanley, 2008).

Regarding walking as a mode of its own, the concept of walking accessibility is often used 
in planning practice as a measure to ensure the provision of basic services to the population. 
Common instruments, such as the Walk Score®, are based on measures of travel times or 
distances as indicators of walking accessibility. These instruments are valuable tools for objec-
tively determining walking accessibility. However, they do not take into account subjective 
perceptions of walking accessibility.

As long as individuals’ perceptions are disregarded, the potential positive outcomes of 
walking accessibility, such as social inclusion, cannot simply be attributed to good objective 
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walking accessibility, since objective instruments may not capture people’s subjective real-
ities of accessibility (Curl, 2013; Lättman et al., 2016). Recent studies analysing perceived 
accessibility have found that objective accessibility interrelates only weakly with perceived 
accessibility (Curl et al., 2015; Lättman et al., 2016). A growing body of literature highlights 
the need for a better understanding of the factors influencing the relationship between indi-
viduals and space regarding the quality, attractiveness and stimulation of the built environ-
ment for walking (Blecic et al., 2020). Thus, it seems important, when analysing the provision 
for different target groups, not only to concentrate on commonly used accessibility indicators 
but also to include further indicators of the walkability concept along with perceptions. As a 
prerequisite for social participation and promoting social inclusion, there should be a focus 
on walking accessibility and perceived walking accessibility, embedded in the overarching 
concept of walkability. By implementing these findings into a holistic instrument, it can act 
as a basis for planning and decision-making for practitioners and researchers of accessibility 
planning by identifying potentials and developing concepts for the respective areas.

In response to recent calls for more research in this area (Curl, 2013; Lättman, 2018) and 
especially a need for consistent methods to collect and integrate several features that affect 
walking into practical instruments (Clifton et al., 2007; D’Orso and Migliore, 2020), the over-
arching goal of this paper is to understand and depict the more comprehensive but also elu-
sive concept of walkability by adapting an existing accessibility tool and therefore create the 
PEWI. We analysed accessibility from a person’s perspective and not the catchment area of an 
accessible facility. Therefore, we combined subjective perceptions of walking accessibility and 
general walkability indicators representing the physical features of the environment and the 
quality of the walking route in urban areas.

To achieve the overall objective, we addressed the following research questions:

•	 How can factors representing physical features of the environment, the quality of the 
walking route as well as subjective perceptions of walking accessibility be integrated into 
an existing accessibility measurement and related discourses to develop the Perceived 
Environment Walking Index (PEWI)?

•	 What are the implications for small-scale accessibility modelling?

The paper is structured as follows: Section 2 discusses existing research on walkability and 
accessibility and develops a conceptual model. Section 3 presents the data and applied meth-
odology. We test the method and present the results of the PEWI in Section 4. Section 5 sum-
marises the main findings and critically discusses further research needed in this field.

2 Previous research on walkability and accessibility methodology
2.1 The walkability debate
The overall concept of walkability has, in recent years, evolved into a multidimensional con-
cept and describes the interaction between pedestrians, public space and its function for 
people to perform social practices (Blecic et al., 2020).

Blecic et al. (2020) trace ideas of walkability back to the mid-twentieth century and detects 
close links to debates about quality of life, social justice and the right to the city. In the last 
two decades, the theoretical discussion has been extended by the operationalisation of the 
concept of walkability (Blecic et al., 2020). Based on the need for consistent and efficient 
methods to collect walking environment qualities, a lot of research concentrated on oper-
ationalisation and developing decision-making tools for policymakers (Clifton et al., 2007; 
D’Orso and Migliore, 2020). As a concept relating to the friendliness of the environment 
for walking (Litman, 2003; Manzolli et al., 2021), walkability is associated with encouraging 
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a shift from motorised transport to active mobility by creating pedestrian-friendly spaces 
where activities are accessible by short walking distances (Bödeker et al., 2018; D’Orso and 
Migliore, 2020; Papa and Bertolini, 2015; Su et al., 2017; Van Cauwenberg et al., 2016).

As one important indicator of walkability, walking accessibility is often used in urban plan-
ning and transportation research. Since Hansen introduced accessibility as the “opportunities 
for interaction” (Hansen, 1959, p73) focusing on the transport and land-use system, recent 
definitions have concentrated on the individual, for example, the ease with which people can 
access “[…] desired goods, services, activities and destinations” (Litman, 2003, p28). Walking 
accessibility measures, like the Walk Score® or Neighbourhood Destination Accessibility 
Index, used to determine the shortest distance (or effort, cost, travel time) to a facility, are 
mostly based on the shortest-path algorithm on a graph. The Walk Score® was originally 
developed to promote the real estate market in the USA. It targets homebuyers in more mid-
dle-class neighbourhoods. In its original form, the Walk Score® takes only limited account of 
urban planning and policy aspects. More detailed explanations of Walk Score® methodology 
follow in section 3.1.

Accessibility measures are typically static, seem to imply homogeneous accessibility among 
people living in one place and say nothing about how that accessibility is experienced by 
people living in places defined as (in-)accessible. The term ‘perceived accessibility’ is intended 
to counter this criticism and to include the perceptions of individuals into accessibility meas-
urement. Perceived accessibility describes “how easy it is to live a satisfactory life using the 
transport system” (Lättman et al., 2016, p257). Pot et al. (2021, p1) define it in a recent study 
as “the perceived potential to participate in spatially dispersed opportunities”. Recent studies 
empirically capture perceptions of accessibility surveys with the intention of integrating per-
ceptions into accessibility analyses. This has resulted in a number of measurement methods, 
like measuring the overall perceptions of accessibility (Curl, 2013), the Perceived Accessibility 
Scale (Lättman et al., 2016) and measuring perceived walking accessibility (van der Vlugt et 
al., 2019). Van der Vlugt et al. (2022) found that perceived walking accessibility has a sig-
nificant direct positive impact on walking, even after accounting for objectively measured 
accessibility. This is backed up by the recent work of Ma and Cao (2019), Tuckel and Milczarski 
(2015), Lättman (2018) and Gebel et al. (2011). These findings have not yet been integrated 
into spatially measured accessibility.

2.2 Walkability research perspectives
In their recent work, Blecic et al. (2020) identified three strands of walkability studies. The 
first examines the relationship between the built environment and walking. The second con-
centrates on individuality and the perception of pedestrians. The third strand explores walk-
ability from a human capabilities’ perspective. In the following, the focus is on the first two 
strands, but the third strand is also briefly outlined due to its importance.

2.2.1 The built environment and walking
A number of studies have explored the relationship between the built environment and walk-
ing. With the intention of understanding influencing factors of the built environment on 
walking, Kelly et al. (2011) point out that the quality and quantity of walking are related to 
urban design features, like road crossings, the land-use mix and compactness of neighbour-
hoods. Neighbourhoods combining these characteristics are more motivating for walking 
than car-oriented neighbourhoods (see also Leyden, 2003). Moudon et al. (2006) also identi-
fied a positive association between features of the built environment, like higher residential 
density, smaller street blocks and short walking distances to daily facilities.
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Several studies developed walkability measures by identifying features of the built environ-
ment affecting walking. Glazier et al. (2012) elaborate on the four indicators that seem most 
significant: dwelling density (Berke et al., 2007; Frank et al., 2005; Li et al., 2005; Moudon 
et al., 2006), street connectivity (Frank et al., 2005; Li et al., 2005), proximity to walkable 
destinations (Berke et al., 2007; Moudon et al., 2006) and land-use mix (Frank et al., 2005; 
2007; 2009). These studies have in common that land-use mix and density, whether in the 
form of population density, density of facilities (walking accessibility) or intersection density, 
are probably the most important influencing factors when it comes to increasing walking.

A range of previous studies investigate the effect of walkability from a physical and mental 
health perspective, directly related to this line of research. Saelens et al. (2003), for example, 
evaluated the walkability, physical activity and weight status on a micro level neighbour-
hood scale. By using self-reported measures, they found that people living in highly walkable 
neighbourhoods walk more and had lower obesity prevalence than people in less walkable, 
sprawling neighbourhoods. Walkability was described by high residential density, land-
use mix, street connectivity, aesthetics and safety (Glazier et al., 2012; Saelens et al., 2003). 
Zuniga-Teran et al. (2017) underpin the influence of neighbourhood design types on human 
well-being and analysed four types of neighbourhood designs, their walkability and effect on 
physical activity and well-being.

2.2.2 Individuality and perception of pedestrians
The second research strand of walkability studies examines the individuality of human beings 
and their different experiences of walking. Attention was paid to the importance of both sub-
jective and objective features of the environment (van Acker et al., 2011). The rationale is that 
there is no direct effect of the built environment on behaviour, but rather people individually 
process what they perceive and do so in different ways. Several studies focus on different tar-
get groups related to age, gender, disability or ethnicity. For example, Cao et al. (2009) found 
that there are significant effects of built environment features on physical activity which 
become insignificant when controlling for socio-demographics. Focusing on people’s percep-
tions De Vos et al. (2023) conducted recently a comprehensive literature review on perceived 
walkability, highlighting the importance of this research strand. Therein, recent studies have 
found that, similar to perceived walking accessibility, overall perceived walkability has an 
important influence on walking (Consoli et al., 2020; Suarez-Balcazar et al., 2020; Solbraa et 
al., 2018; van Dyck et al., 2013; Zeng and Shen, 2020).

These studies focus on different walkability indicators and their perception by different 
target groups. Some studies, like Bartshe et al. (2018), found no impact from walkability per-
ceptions on physical activity among students in Las Vegas. Perez et al. (2011) also indicated no 
effect of perceived walkability on walking by investigating ethnic minority women in Canada. 
However, the majority of studies show a significant effect. Solbraa et al. (2018) indicated that 
the perceptions of feasible travel time to different amenities promote physical activity for 
900 Norwegian adults. In a Belgian case study, van Dyck et al. (2013) analysed the perceptions 
of land-use mix, safety, density as well as walkability and found that these elements have a 
positive impact on the duration and frequency of walking. Zeng and Shen (2020) focus on 
different facets of a neighbourhood and its perception and find a positive effect especially 
amongst older people and middle aged on recreational trips in China. By analysing the fac-
tors influencing walkability perceptions, Root et al. (2017) found a correlation between the 
assessment of aesthetics and perceived walkability. Lui and Wong (2021) indicated that walk-
ability perception influences walking speed and balance among older people with no effect 
on walking time.
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2.2.3 Human capabilities
In the third strand of research, studies examine walkability in relation to human capabili-
ties. The underlying capability approach (Sen, 1999) focuses on individual capabilities “to 
choose a life one has reason to value” (Sen, 1999, p74). The capability concept highlights two 
components: (1) ability and (2) opportunity. Ability refers to a person’s characteristics (his/
her “internal power”), while opportunity refers to external conditions, such as the social and 
environmental context that enable the exercise of the person’s internal power (Fancello et al., 
2020). Therefore, the intention of the approach is “[…] to enhance the freedom people have to 
choose their beings and doings through the conversion of conditions and commodities in advan-
tage for their development” (Fancello et al., 2020, p3). Recent studies highlight the importance 
of walkability as a determinant of urban capabilities (Blecic et al., 2015; Reyer, 2017), quality 
of life and as a factor that can make a significant contribution to the development of the 
social capital of cities (Blecic et al., 2020). This implies that an individual’s relationship with 
walking and his/her local area extends beyond that covered by our study.

2.3 Walkability measurement
In most studies, built environment features dominate when measuring walkability. However, 
in the last two decades, attempts have been made to combine several strands of walkabil-
ity studies. In order to represent the influence of the environment on travel, Cervero and 
Kockelman (1997) identified the 3Ds: diversity, density and design. By developing a pedes-
trian strategy for London, Gardner et al. (1996) developed the 5Cs, which identified five 
qualities of the walking environment with the categories ‘connected’, ‘convenient’, ‘comfort-
able’, ‘convivial’ and ‘conspicuous’. This was followed by studies that included objective and 
subjective qualities in walkability. For example, Sarkar (1993) evaluated six criteria of a walk-
ing environment: safety, security, comfort and convenience, continuity, system coherence 
and attractiveness. Pikora et al. (2002), on the other hand, identified four categories that 
have an influence on walking: functionality, aesthetics, destinations and safety. Ewing (1999) 
also formulated ten influential factors for a walking friendly environment (medium-to-high 
densities, mix of land use, short-to-medium length blocks, transit routes every half-mile, two-
to-four lane streets, continuous pavements wide enough for couples, safe crossings, appro-
priate buffering from traffic, street-oriented buildings and comfortable and safe places to 
wait). Ewing and Cervero (2010) expanded the 3D into 5D: diversity, density and design, des-
tination to facilities and destination to transit. Galanis and Eliou (2011) identified five basic 
factors for a walkable urban environment: road safety, attractiveness, personal safety, acces-
sibility and convenience broken down into road segment indicators, including the features 
of the street (pavement width, street furniture), corner indicators describing features of pave-
ment corners (ramps) and crossing indicators (length, width). Furthermore, D’Alessandro et 
al. (2016) identified twelve indicators and split them into three categories: namely, safety 
(crossing protection, protection from vehicles, road lighting), pleasantness (vehicular traf-
fic, building context and green spaces) and practicability (obstacles, pavement surface, road 
slope). Blecic et al. (2020) identify four walkability indicator categories based on their litera-
ture review: efficiency and comfort, safety, security and certainty as well as pleasantness and 
attractiveness.

Recent walkability perception studies already described in 2.2.2 like van Dyck et al. (2013) 
and Suarez-Balcazar et al. (2020), used the Neighbourhood Environment Walkability Scale 
(NEWS), developed by Saelens et al. (2003). The NEWS contains 83 items, including walking 
time to 23 different facilities and also 17 satisfaction-related items. These items cover resi-
dential density, land-use mix access, land-use mix diversity, satisfaction, walking and cycling 
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facilities, aesthetics, traffic safety and crime safety. Due to the immense length, shortened 
and target-group specific NEWS versions were developed. The Neighbourhood Environment 
Walkability Scale (abbreviated as NEWS-A) no longer includes walking time and excludes 
residential related questions. It now consists of only 37 items, used in many studies (Bartshe 
et al., 2018; Berry et al., 2017; Brown and Jensen, 2020; Consoli et al., 2020; Jensen et al., 
2017; Lui and Wong, 2021; Perez et al., 2011). The NEWS-Y (for young people) is also based 
on the NEWS-A and was used, for example, by Hinckson et al. (2017) to investigate the per-
ceived walkability of adolescents. Alongside NEWS, the Physical Activity Neighbourhood 
Environment Scale (PANES) measures perceived density, walking infrastructure, traffic safety 
and accessibility to amenities based on 17 statements (Sallis et al., 2010). Furthermore, the 
Leyden Walkability Instrument (LWI) measures perceived walkability on a scale basis (Bias et 
al., 2010; Leyden, 2003).

These studies often use multi-method study design to operationalise and collect data for 
these categories. In addition to objective characteristic data and open data, Google Street 
View data, expert inventory surveys, general surveys and in-depth interviews are used to col-
lect data.

2.4 Research gap
The literature review has shown that walking accessibility as a dimension of walkability is not 
sufficient to analyse the local provision of facilities and services for different target groups. 
Therefore, walking accessibility perception as well as the physical features and qualities of 
the walking route seem particularly relevant for walking and can determine whether a route 
is taken on foot or by another transport mode. It seems essential to adapt an existing acces-
sibility analysis instrument with walkability indicators and perceptions in order to provide a 
more nuanced picture of the local provision of facilities and services for different population 
groups. Various studies responded to the critique of one-dimensional walkability assessments 
by measuring distances and the facilities to be reached (Blecic et al., 2020) and made efforts 
to combine different strands of walkability, such as the CANVAS (Bader et al., 2015), the IAAPE 
Measure of Walkability (Moura et al., 2017), the OS-WALK-EU tool (Fina et al., 2022) and the 
Walkability Explorer (Blecic et al., 2015). Although a large number of tools is available, there 
is still a lack of studies on a holistic view of walkability with regard to: firstly, target group-
specific adaptation in terms of weighting and number of facilities to be considered; secondly, 
simultaneously considering multiple indicators of the physical characteristics of an environ-
ment and the quality of a walking route; and, thirdly, the integration of perceptions into exist-
ing tools. Most studies have compared different methods but show deficits in terms of spatial 
modelling and integration of all elements into one instrument or tool.

2.5 Conceptual framework
Based on the literature review and the research gap identified, we developed a conceptual 
framework that provides the basis for developing an adapted instrument, the Perceived 
Environment Walking Index (PEWI) (Figure 1, to be read from top to bottom). Adaption 
takes place in three steps. First, since we paradigmatically place our approach in strands one 
and two of walkability research (Section 2.2), we calculated the Walk Score® that represents 
objective walking accessibility (strand one) and adapted it to the specific target groups (strand 
two). To do so, we adjusted the weighting and variety of facilities included in the accessibility 
calculation (step 1). Second, we integrated 18 indicators which give a more nuanced descrip-
tion of the influence of the built environment on the walkability of different target groups, 
representing physical features (step 2a) and the quality of the walking route (strands one 
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and two) (step 2b) broken down into the categories of efficiency and comfort, safety, security 
and certainty as well as pleasantness and attractiveness according to Blecic et al. (2020). We 
renamed the category ‘efficiency and comfort’ as ‘functionality’ as well as the category ‘safety, 
security and certainty’ as ‘safety and security’ because we feel this fits the characteristics of its 
variables better. The third and final basis was on our preliminary work on factors influencing 
walking accessibility perception and their effect on walking (step 3).

3 Methods
A multi-method study design was developed based on the indicators for accessibility and 
walkability discussed above.

The investigation areas were two urban neighbourhoods in Bahrenfeld and Barmbek-Nord 
in Hamburg, Germany. Whenever the terms Bahrenfeld or Barmbek-Nord are used in the fol-
lowing, this always refers to the study areas as part of these neighbourhoods. They are char-
acterised by similar distances to Hamburg city centre and show a similar social structure, but 
the local provision of facilities and services of Barmbek-Nord are located along a main traffic 
axis and Bahrenfeld is characterised by a dispersed local provision of facilities and services.

We selected two distinct target groups defined by age/life stage and jointly analysed these 
in this paper. Our first target group comprised people aged 65 and older. In terms of walk-
ability, with increasing age older people have a smaller activity range, decreasing travel par-
ticipation and less frequent journeys. Access to the local provision of facilities and services 
and social infrastructure are basic requirements for an independent life. Combined with 
communication and interaction opportunities, these are the key to counteracting the risk of 

Figure 1: Conceptual framework.
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social exclusion. Walkability therefore plays a particularly important role (Amaya et al., 2022; 
Bereitschaft, 2021; Kerr et al., 2012). Our second target group were families with at least one 
child aged 15 or younger. Regarding walkability, young families are also particularly interest-
ing to investigate. As similarly discussed in van der Vlugt et al. (2022) the link between the 
living environment and everyday travel behaviour seems to be gradually loosening, as car 
ownership of young adults increases as they enter parenthood (Oakil et al., 2016; Scheiner, 
2013). On the other hand, families with young children are becoming increasingly aware of 
the qualities of urban neighbourhoods with their potential for climate-friendly and health-
promoting travel as well as their cultural and social infrastructure (Haase et al., 2006; Kabisch 
et al., 2012).

Both groups are characterised by a very high share of walking trips compared to other tar-
get groups (BMVI, 2018). In addition, both groups have similar needs regarding their require-
ments for the built environment (Warner and Zhang, 2019). While their needs are different in 
terms of destinations (e.g., schools vs. general practitioners), basic walkability requirements 
are similar due to physical limitations in older age on the one hand and walking with children 
with walking aids on the other hand (rollators, canes, prams, or baby bicycles). For example, 
both groups need a barrier-free environment, kerbstone lowering and are similarly influ-
enced by obstruction due to parking and narrow pavements. We therefore jointly analysed 
both groups, which also helps contend with a limited sample size.

3.1 Walk Score®: An objective instrument for assessing walking accessibility
As a first step, objective accessibility was calculated according to the well-known Walk Score® 
(Carr et al., 2010; Duncan et al., 2011; Walk Score®, 2011). The Walk Score® is an efficient, 
cost-effective valid measurement to assess walking accessibility (Carr et al., 2010, 2011; 
Duncan et al., 2016). Since it is a common and widely accepted methodology approach which 
has been used and adapted in several academic papers (Vale et al., 2016; Hall and Ram, 2018; 
Fina et al., 2022), we decided to use the Walk Score® as the basis of our analysis. The analysis 
required different basic datasets: geometries (as a starting point for distance calculation), 
facilities (as an end point for distance calculation) and the road network (to calculate the 
shortest distances). For our analysis, we decided to choose a 100x100 metre grid, allowing 
the calculation of very detailed objective walking accessibility measures and making the units 
independent of administrative boundaries (Göddecke-Stellmann, 2013; Kaup and Rieffel, 
2013; Neutze, 2015).

A comprehensive and thematically diverse database was set up for facilities. In the process, 
locations with particularly important facilities for the local provision of facilities and services 
of the population in Bahrenfeld and Barmbek-Nord were identified via open geodata from 
the city of Hamburg, enquiries, internet research via maps, OpenStreetMap (OSM) and the 
Yellow Pages. These locations were geocoded in the reference system in order to use them in 
GIS as destinations in an accessibility analysis (van der Vlugt and Welsch, 2020).

In this first step, we base the calculation of objective walking accessibility principally on the 
Walk Score® methodology but adapt it in certain aspects. This includes the decay function 
and the integration/selection of facilities. Table 1 shows the facilities included. The first nine 
indicators, based on the original Walk Score® (light grey), were supplemented by two addi-
tional indicators (pharmacies, general practitioners) (dark grey). These were selected since 
recent studies underline the importance of healthcare as an essential component of public 
services and they are important destinations, especially for the two target groups (Ahlmeyer 
and Wittowsky, 2018; Chudyk et al., 2015). The facilities were included in the calculation 
with varying frequency and weighting. The distance to the nearest destination of various 
facilities was calculated on this basis. The absolute distances were converted into a distance 
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function value. The distance decay function determined what percentage of a full score a cat-
egory received based on the distance of the calculated walking route, that is, between origin 
and destination. We used a cumulative Gaussian distance decay function (Vale and Pereira, 
2017). A distance within 300m to the facility got the full score. After this, scores decreased 
gently with distance. At a distance of 1.5km, facilities received only about 25% of the score. 
After 1.5km, the scores decreased less quickly with greater distance until they reached 2.5km, 
after which they did not enter the final score (Walk Score®, 2011). The distance decay func-
tion converted the distances into point values based on the distances and weightings of the 
facilities. The maximum value is 25. According to the Walk Score® calculation logic, a linear 
expansion is made on a scale from 0 to 100 (Walk Score®, 2011). For this purpose, the values 
are multiplied by a factor of 4.

3.2 Systematic neighbourhood audit to collect walkability indicators
As a second step, a small-scale neighbourhood audit was conducted to collect walkability 
indicators representing the qualities of the living environment and of urban walking routes. 
By using the methodology of a neighbourhood audit on a small-scale level, we are able to 
collect detailed information about specific neighbourhood characteristics that cannot be 
obtained from secondary data (for example, the number of trees, pavement width, obstruc-
tion due to parking). Besides the availability of data, some indicators need to be directly 
observed or felt. Therefore, the neighbourhood audit is a suitable method to record specific 
walkability indicators, which include impressions as well as just the recorded data. Using an 
assessment form, walkability indicators per street segment were assessed by a trained team in 
both study areas. In one week, a total of 95 street segments in Bahrenfeld and 85 street seg-
ments in Barmbek-Nord were examined with regard to walkability indicators. The segments 
were assessed by two people to limit survey bias and ensure a certain objectivity (Figures 2 
and 3). As already explained in the conceptual framework, four broad categories of walkabil-
ity indicators were analysed following Blecic et al. (2020), complemented by the perception 
criteria. Based on the literature review the overarching criteria were further subdivided into 

Table 1: Facilities included in the PEWI.

Walkscore 

Indicator Weighting Variety

Grocery shops 3 [3]

Restaurants 3 [0.75;0.45;0.25;0.25;0.225;0.225;0.225;0.225;0.2;0.2]

Shopping 2 [0.5;0.45;0.4;0.35;0.3]

Cafés/ Bakeries 2 [1.25;0.75]

ATMs 1 [1]

Parks/Green spaces 1 [1]

Bookshops/Libraries 1 [1]

Leisure/Entertainment 1 [1]

Schools 1 [1]

Pharmacies 1 [1]

General practitioners 2 [1.25;0.75]

Light grey: facilities based on the original Walk Score®; dark grey: facilities supplemented by the authors.



van der Vlugt et al.: Integrating Perceptions, Physical Features and 
the Quality of the Walking Route into an Existing Accessibility Tool

11

thematic segments (pavement, street design, barrier-free environment, green space, noise, 
attractiveness of the environment, subjective fear-causing points, perceived walking acces-
sibility) and broken down into a total of 18 walkability indicators (Table 2).

Figure 2: Investigation area in Hamburg Barmbek-Nord. Source: OpenStreetMap

Figure 3: Investigation area in Hamburg Bahrenfeld. Source: OpenStreetMap
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Table 2: Walkability indicators and walking accessibility perceptions for integration in the instrument.

Criteria Sub
segement

Indicator Description Reference 
(Selection)

Evaluation 
creatia

Weighting 
factor 

(deduction 
in %)

Application 
rules of the 
 deduction 
(majority / 
 single segment)

Functionality Pavement Pavement 
width

Effective walkway width 
for comfortable walking 
for one or more persons

Alfonzo, 2005; 
Kelly et al., 2011; 
Manzolli et al., 
2021; Wennberg 
et al., 2018; Ruiz- 
Padillo et al., 2018

1 person –2 majority of the 
segments

2 persons 0

3 persons 0

Obstacles 
on the 
pavement

The presence of 
potential obstacles or 
barriers such as banners 
and tree roots

Handy and Clifton, 
2001; Alfonzo, 
2005

yes –2 single segment

no 0

Barrier-free 
environment

Steps Presence of steps which 
have an impact on 
walkability for different 
groups

van der Vlugt and 
Welsch, 2020; 
Wennberg et al., 
2018

yes –2 single segment

no 0

Kerbstone 
lowering

Presence of kerbstone 
lowering as one essential 
element for the street 
crossing

Wennberg et al., 
2018

yes 0 single segment

no –2

Seating 
possibilities

Presence of seating 
possibility that enhances 
the quality of walking in 
public spaces

Bradshaw, 1993; 
Wennberg et al., 
2018; D’Orso and 
Migliore, 2020

yes 0 single segment

no –2

Safety & 
Security

Street design Car/Traffic 
Speed

Sense of security related 
to the allowed speed 
level

Otsuka et al., 
2021; Kelly et al., 
2011; D’Orso and 
Migliore, 2020

traffic–
calmed area

0 majority of the 
segments

30 km/h 
speed limit

0

50 km/h 
speed limit

–2

Traffic 
Lanes

Sense of security related 
to number of lanes

Bradshaw, 1993; 
Wennberg et al., 
2018; D’Orso and 
Migliore, 2020

single–track 0 majority of the 
segments

two lanes –2

Separation 
due to road 
width

Separation effects due to 
the road width

Alfonzo, 2005 yes –2 majority of the 
segments

no 0

Street 
crossing 
options

Ease and opportunities 
to cross the street

Wennberg et al., 
2018; Manzolli et 
al., 2021

yes 0 majority of the 
segments

no –2

Obstruction 
through 
parked cars

Presence of parked cars 
which obstruct the 
pavement and hinder the 
crossings

Alfonzo, 2005 yes –2 single segment

no 0

(contd.)
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Criteria Sub
segement

Indicator Description Reference 
(Selection)

Evaluation 
creatia

Weighting 
factor 

(deduction 
in %)

Application 
rules of the 
 deduction 
(majority / 
 single segment)

Pleasantness Green space Trees Presence of trees Ewing and Handy, 
2009; Manzolli et 
al., 2021; Alfonzo, 
2005

yes 0 majority of the 
segmentsno –2

Street 
greenery

Presence of street 
greenery like flower beds 
or green areas

Adkins et al., 
2012; D’Orso and 
Migliore, 2020

yes 0 majority of the 
segmentsno –2

Noise Noise 
pollution

Presence of different 
noise level while walking

Otsuka et al., 2021; 
Ewing and Handy, 
2009

below 55 dB 0 majority of the 
segmentsbetween 55 

and 65 dB
–2

between 65 
and 75dB

–4

above 75dB –6

Attractiveness Attractive-
ness of the 
environment

Attractive-
ness of the 
sidewalk

Assessment of subjective 
aesthetic, beauty and 
charm of the pavement, to 
enjoy walking

Adkins et al., 2012; 
Ruiz-Padillo et al., 
2018

very 
attractive

0 majority of the 
segments

attractive 0

not very 
attractive / 
unattractive

–2

Attractive-
ness of the 
roadspace

Assessment of subjective 
aesthetic, beauty and 
charm of the roadspace, 
to enjoy walking

Adkins et al., 2012;  
Ruiz-Padillo et al., 
2018

very 
attractive

0 majority of the 
segments

attractive 0

not very 
attractive / 
unattractive

–2

Potential 
spaces of fear

Badly 
illuminated 
spots

Presence of poorly 
illuminated spots, i.e., 
poor lighting or lack of 
streetlights

Wennberg et al., 
2018; Kelly et al., 
2011; D’orso and 
Migliore, 2020

yes –2 single segment

no 0

Spaces of 
fear

Presence of potential 
space of fear which is 
related to the protection 
from various risks during 
the walking experience 
like pedestrian subway 
and the perception of 
security against crime

Garcia-Carpintero 
et al., 2022; van 
der Vlugt et al., 
2019; D’Orso and 
Migliore, 2020

yes –2 single segment

no 0

Liveliness Encounters 
with people

Presence of people 
impacting positively 
liveability and 
walkability

Southworth, 2005;  
Alfonzo, 2005

Yes 0 single segment

no –2

Perceived 
walking 
accessibility

Factor 
perceived 
walking 
accessibility

Subjective assessment of 
the walking accessibility 
(household survey)

van der Vlugt et 
al., 2019; 2022

1 –8 majority of the 
segments2 –6

3 –4

4 –2

5 0
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Table 2 illustrates the analysed walkability indicators, their measurement and weighting 
factor for adapting the Walk Score®. We decided to apply an additive equal weighting of the 
walkability indicators in the form of deduction points. Deduction points count any aspects 
on the route that negatively affect walkability. Equal weighting means that we do not weight 
one indicator higher than another. For example, the presence of trees is not weighted higher 
than the presence of seating or obstruction due to parking. We have deliberately chosen a 
deficit analysis with the aim to reveal the potential for intervention of the individual indica-
tors and to critically examine whether a pedestrian paradise really exists. This means that 
any variable affecting walkability will result in a 2 percent deduction (such as an obstacle 
on the pavement or a 50 km/h speed limit). This applies to all variables except noise pollu-
tion and perceived walking accessibility. This is justified by the fact that average exposure to 
noise above 55 dB seriously harms health (WHO, 2010) and can trigger high blood pressure 
and heart diseases (European Commission). It is not sufficient to integrate just one level of 
noise pollution, since an increase in decibel levels has exponential negative effects on human 
health (European Environment Agency, 2020) resulting in cardiovascular and psychophysi-
ological effects (WHO, 2010). We therefore differentiated between four decibel levels starting 
in line with Otsuka et al. (2021) with penalties above 55 dB having a 2% deduction. In the 
case of perceived walking accessibility (the only variable reflecting the individual perception 
of the target groups), it is not useful to include just one characteristic either. By classifying the 
variable into five categories, we tried to include heterogeneous human perceptions.

Accordingly, the deduction points were summed up per street segment in an additive equal 
weighting and integrated into the PEWI calculation.

3.3 Household survey to collect perceptions of accessibility
As a third step we developed a household survey in the two investigation areas in 2015 to 
collect and integrate subjective perceptions. A random sample of 400 households of the 
relevant target groups, 200 per neighbourhood was randomly selected based on a strati-
fied sample of the two target groups retrieved from the resident’s registration office. The 
survey documents were placed in the letterboxes of the selected households together with 
a stamped return envelope. All adults in the household were encouraged to complete the 
survey about their perceptions of accessibility, mobility requirements, usual transport 
modes, time-dependent safety perceptions, barrier-free environment as well as their travel 
and neighbourhood related attitudes. We incorporated data previously presented in van der 
Vlugt et al. (2019; 2022).

The participants were on average 60.51 (sd 19.12) years old with a slight predominance of 
women among the respondents (59.9%) in Bahrenfeld (60.3%) as well as in Barmbek-Nord 
(59.5%). More than half of the respondents did not have a university degree (59.3%) and had 
an average monthly household net income of less than 3,000 € (55.6%).

As the main indicator to capture individual perceptions, perceived walking accessibility 
was calculated using a factor analysis and subsequent averaging of three items measured on 
a five-point Likert scale:

•	 I can access anything in my living environment (x̄ = 3.46, sd = 1.18)
•	 In my living environment, I can do all my everyday walks easily on foot (x̄ = 3.56, sd = 1.26)
•	 I am satisfied with the pedestrian accessibility of services (x̄ = 3.76, sd = 0.72)

Based on a high-level correlation between these items (α = 0.739), the factor of perceived 
walking accessibility was created as an average scale. For more details, we refer interested 
readers to van der Vlugt et al. (2019).
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The perceptions of accessibility differ by neighbourhood and age group. Both older peo-
ple and young families perceive accessibility better in Barmek-Nord (3.93; sd 0.75) than in 
Bahrenfeld (3.27; sd 0.87). Since we do not distinguish between the target groups in this 
paper, we rather focus on the difference between the two target areas.

The perceived walking accessibility scale has a value range of 1–5 and is integrated in the 
PEWI in 2 percentage steps (see weighting factor in Table 2). Since the survey is based on a ran-
dom sample, some grid cells include several respondents while others have zero observations. 
Therefore, the values were interpolated over the entire study area and averaged to the grid cells.

The household survey method was chosen in order to be able to quantitatively survey per-
ceptions of accessibility. Through the preliminary work of van der Vlugt et al. (2019), it was 
possible to integrate the factor of perceived accessibility into an instrument, which would not 
have been possible with qualitative data.

3.4 Developing the Perceived Environment Walking Index (PEWI)
The PEWI was calculated based on the description in Section 3.1. In this process, the road 
segments investigated from the walkability audit were intersected with the population grid 
(100m × 100m). As a result, 233 inhabited grid cells each in Bahrenfeld and Barmbek-Nord 
were included in the calculation. A network analysis was used to re-calculate the shortest 
route to the different facilities, taking into account the above-described indicators. Each 
route was loaded with deduction points, depending on the respective walkability indicator 
assessment as well as the perceived walking accessibility score (Table 2).

As a special characteristic of the neighbourhood audit, each route consisted of different 
segments and regularities determined the conditions under which deduction points were 
assigned per route: A distinction was made between indicators for which deduction points 
were assigned for the entire route as soon as they occurred in a single segment (e.g., steps, 
obstacles, available seating) and indicators that must be present in the majority of the seg-
ments for deduction points (count or length) to be assigned for the entire route (separation 
due to road width, trees, lanes, street greenery) (Table 2, right column).

The loaded routes were then included in the PEWI according to the variety and weighting 
of each facility.

To visualise this approach, Figure 4 shows a simplified illustration of this calculation. It 
shows the deductions on the Walkscore based on two trips (ATM and the grocery store) and 
three walkability indicators (speed, noise pollution, and available seating).

Figure 4: Simplified example of the calculation of the PEWI.
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The first route (green) leads to a grocery store with an infrastructure weighting of 3: a large 
part of this route goes along a main road with a maximum speed of 50 km/h and a noise level 
of 65 to 75dB, which leads to a deduction of 6%. Equation (1) shows the entire calculation. 
The plain value after the distance weighting is 2.07; by deducting noise and speed the value 
is only 1.97.

  

2 21*(800 300) 1*(800 300)
700,000 700,0002 4

*3  * 1,97
100

Grocery e e
- - - -æ ö æ ö÷ ÷ç ç +÷ ÷ç ç÷ ÷= - =ç ç÷ ÷ç ç÷ ÷ç ç÷ ÷è ø è ø

 (1)

The second trip (blue) to the ATM is only 350m but is not equipped with benches. Without 
the deductions the plain value is 0.99 (see equation 2). The 2% deductions reduce the value 
to 0.98.

2 21*(350 300) 1*(350 300)
700,000 700,0002

*1  * 0,98
100

ATM e e
- - - -æ ö æ ö÷ ÷ç ç÷ ÷ç ç÷ ÷= - =ç ç÷ ÷ç ç÷ ÷ç ç÷ ÷è ø è ø

 (2)

4 Results
This section presents and discusses our results. First, we introduce the PEWI in four steps. 
Referring to Table 2, we present the four indicator families Functionality, Safety and Security, 
Pleasantness as well as Attractiveness and their influence on walkability step by step for the 
two study areas. Second, we present the PEWI as a conclusive result and take a detailed look 
at the differences between objective walking accessibility and the Perceived Environment 
Walking Index.

4.1 Introducing the PEWI: The integration of physical features and qualities of the 
walking routes and their influence on walkability
4.1.1 Introducing the PEWI – Functionality
We integrated all the walkability indicators by adapting the objective walking accessibility 
(Walkscore). To be able to evaluate the effects of the various indicators on walkability (PEWI), 
Figures 5b, 6b, 7b and 8b show the average point deduction per indicator. In the functionality 
category, which refers especially to barrier-free environment that has great importance for both 
target groups, deductions of up to –10% per route are possible. Barmbek-Nord (B-N) performs 
better than Bahrenfeld (B) for almost all indicators. This means that the study area is better 
equipped with available seating, which is especially important for the target groups, (average 
point deduction: B-N: –0.45; B: –0.7), there are fewer obstacles on the pavement and the pave-
ment width also shows a smaller deficit than in Bahrenfeld. Only in kerbstone lowering as 
an important indicator of barrier-free environment does Bahrenfeld score slightly better than 
Barmbek-Nord (B: –0.82; B-N: –0.96). Steps hardly seem to be a problem in both study areas.

The comparison of the two neighbourhoods in terms of the functionality category shows 
that the quality of walking is spatially varied (Figure 5a). For example, east of the A7 motor-
way in Bahrenfeld is characterised by deductions of up to –6.7 points. This is caused by the 
width of the pavements, lack of kerbstone lowering, obstructions on the pavement and the 
predominant lack of seating. Steps are not a problem in this area. In contrast, the southeast 
of the study area has significantly fewer deficiencies in this category and better walkability. 
While it has a similar lack of seating, the deficiencies in kerbstone lowering and obstructions 
on the pavement are significantly less. Pavement width is highlighted as particularly posi-
tive in this area (–0.03) and contributes to improved walkability for walking together, with a 
stroller or a pram in this category. In comparison, there are only isolated deductions of more 
than –4 points in this category in Barmbek-Nord. If areas with a higher walkability in the 



van der Vlugt et al.: Integrating Perceptions, Physical Features and 
the Quality of the Walking Route into an Existing Accessibility Tool

17

category are compared, the data show, for example, that in the west of Barmbek-Nord there 
is sufficient seating, but there are higher deductions in the area of kerbstone lowering and 
obstructions on the pavement. Since Figure 5a shows the entire functionality category, the 
explained circumstances are identifiable in the data but not visually apparent in Figure 5a.

4.1.2 Introducing the PEWI – Safety and Security
In the safety and security category, where deductions of up to –10% per route were also possi-
ble, both target areas perform better. The deficit is marginally higher in Bahrenfeld regarding 
the number of existing lanes (–0.34; BN: –0.1) and separation by road width (–0.5; BN: –0.23) 
as well as obstruction by parked cars (–0.6; BN: –0.45), while speed (BN: –0.28; B: –0.19) and 
the lack of crossing possibilities (BN: –0.38; B: –0.06) lead to higher deficits in Barmbek-Nord. 
These indicators are especially important for the target groups, since crossing options are 
essential for mobility restricted people or young children who cannot walk fast, do not yet 
have a good overview or are more often overlooked.

Turning to the grid level in Bahrenfeld, there is no deduction higher than –4 points. The 
deductions are concentrated along the main road, which reduces walkability due to its two-
lane system (–0.79). The speed and crossing options only lead to marginal deductions. In 

Figure 5: (a) Average deduction Functionality (in points) in Bahrenfeld and Barmbek-Nord. 
(b) Average deduction Functionality (in points). (c) Available seating in Bahrenfeld. Source: 
van der Vlugt.
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addition to the multiple lanes, the reduction in walkability is caused by the separation due 
to the road width (–1.02) and the obstruction due to parking (–0.51). Although the deficit 
in this category is smaller in comparison, there are spatial differences and a few deductions 
of up to –6.45 points in Barmbek-Nord. Walkability in this area is most severely reduced by 
obstruction due to parking (–1.44), coupled with speed (–1.26), multiple lanes (–0.67), lack 
of crossing opportunities (–0.88) and separation due to road width (–0.83).

4.1.3 Introducing the PEWI - Pleasantness
In addition to the categories of ‘functionality’, as well as ‘safety and security’, that is, the physi-
cal characteristics of the environment, the categories of ‘pleasantness’ and ‘attractiveness’ 
represent the more subjective quality of the walking routes. Referring to table 2, deductions 
of up to –10% per route were possible in the Pleasantness category due to the gradation by 
noise pollution. Bahrenfeld performs better than Barmbek-Nord in this category. Figure 7b 
shows that walkability is strongly affected by noise pollution. The average deduction per 
grid is –1.93 in Barmbek-Nord and –1.71 in Bahrenfeld. The predominant presence of trees 
improves both target areas (both neighbourhoods: –0.03). This implies that trees were present 

Figure 6: (a) Average deduction Safety and Security (in points) in Bahrenfeld and Barmbek-
Nord. (b) Average deduction Safety and Security (in points). (c) Separation due to road 
width in Barmbek-Nord. Source: van der Vlugt.
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in the majority of the individual segments so that only very small deductions were apparent 
for this indicator. Street greenery is thereby mainly represented in Bahrenfeld (B: –0.22; B-N: 
–1.37) and the lack of it reduces walkability in Barmbek-Nord. According to this, there was 
considerably less street greenery in Barmbek-Nord than in Bahrenfeld.

Bahrenfeld scored less well in the previous categories, but Figures 7a and 7b illustrate the 
significantly higher deductions in Barmbek-Nord in the Pleasantness category. In Bahrenfeld, 
trees and other street greenery are present throughout the area. The higher deductions were 
solely due to high noise pollution (–1.71), which leads to a significant reduction in walkabil-
ity. Barmbek-Nord is characterised by high to very high deductions over a large area. These 
are due to the lack of other street greenery (–1.37) in addition to high noise pollution (–1.93). 
Similar to Bahrenfeld, trees are present over a large area (–0.03).

4.1.4 Introducing the PEWI – Attractiveness
In the last category, ‘attractiveness’, both study areas performed highest except in walking 
accessibility perception (Figures 8a and 8b). Whereas in the previous categories significant 
deductions in walkability were observed in some cases, both study areas were rated positively 
with regard to the attractiveness of the pavement (B: –0.04; B-N: –0.09) and the street space 

Figure 7: (a) Average deduction Pleasantness (in points) in Bahrenfeld and Barmbek-Nord. 
(b) Average deduction Pleasantness (in points). (c) Trees along the road in Bahrenfeld. 
Source: van der Vlugt.
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(B: –0.07; B-N: –0.01); the deductions were marginal, although deductions of up to –18% per 
route were possible in this category. In terms of safety perceptions in the neighbourhood, 
walkability in Barmbek-Nord deteriorates due to the occurrence of badly illuminated spots 
(B-N: –0.85; B: –0.19), but these are not perceived as potential fear-causing points (B-N: 0; 
B: –0.12). The absence of people and, consequently, the absence of encounters leads to a 
decrease in walkability by –0.5 points in Bahrenfeld (B-N: –0.29).

The pavement and street space are perceived as attractive across the board. The higher 
deductions are caused by badly illuminated spots (–0.19) and potential fear-causing points 
(–0.12) reducing walkability in Bahrenfeld. In Barmbek-Nord, the higher deductions are 
mainly caused by badly illuminated spots (–0.85). The survey team does not classify these as 
fear-causing points. However, since these points are perceived differently, it is important to 
analyse these indicators separately as factors influencing walkability. As the only variable cov-
ering the perceptions of the inhabitants, the perception of walking accessibility was weighted 
higher (Table 2). This explains the higher deductions compared to the other variables in this 
category. The inhabitants in Barmbek-Nord perceived accessibility better (–2.53) than those 
in Bahrenfeld (–3.48).

Figure 8: (a) Average deduction Attractiveness (in points) in Bahrenfeld and Barmbek-Nord. 
(b) Average deduction Attractiveness (in points). (c) Badly illuminated spot in Barmbek-
Nord. Source: van der Vlugt.
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4.2 Does a ‘walker’s paradise’ really exist? Comparing the Walkscore and PEWI in 
Barmbek-Nord and Bahrenfeld
With the intention of developing an objective information, planning and decision-based 
instrument, the PEWI is presented in Table 3 as the outcome of integrating and consider-
ing indicators of the built environment, qualities of the walking route as well as individual 
walking accessibility perceptions. It depicts the descriptive results of the Walkscore and PEWI 
categories by target area. For the Barmbek-Nord case study, the average of objective walking 
accessibility (Walkscore) (Figure 9) within the target area resulted in 90 (sd = 6.78). This 
figure falls into a category of ‘walker’s paradise’ (Walk Score®, 2011). Our adapted version, 
the PEWI considering all 18 indicators shows a more nuanced picture of current walkability 
with an average of 80 (sd = 5.15), a very walkable category. In order to find out whether the 
Walkscore differs on average from the PEWI, a comparison of mean values was carried out. 
Accordingly, a t-test was used to compare the mean values of the Walkscore with the mean 
values of the PEWI. The t-test shows a significant difference between the Walkscore and the 
PEWI t (44.63) = 208 (p < 0.01).

By comparing the two figures, it can be seen that Barmbek-Nord’s PEWI and therefore its 
walkability drops extensively from the highest category to very walkable. In some parts, walk-
ability in Barmbek-Nord has changed to the category somewhat walkable (north-east). In the 
south, a small part remained in the walker’s paradise category. In the Bahrenfeld case study, 
the average of objective walking accessibility (Figure 9) was 76 (sd = 12.08) and fell into the 
very walkable category. If we take PEWI into account (Figure 9), walkability deteriorates on 
average to 68 (sd = 10.38), somewhat walkable. The Walkscore shows a small walker’s paradise 
in the centre of Bahrenfeld. This category is no longer present in the PEWI (very walkable). In 
the southwest, walkability changes from very walkable into somewhat walkable. In the north-
east, even grid cells fall in terms of their walkability from somewhat walkable into car depend-
ent. The comparison highlights the limitation of common methods based on distances to the 
nearest facilities. They do not consider qualities of the walking routes which can decrease the 
walkability of an area. In line with D’Orso and Migliore (2020), the results show the impor-
tance of integrating a variety of walkability indicators to prevent people from preferring to 
take their car, instead of walking, and creating noisy and unattractive walking environments 
themselves. Finally, it is possible with the PEWI to identify priorities for interventions, spa-
tially represent and contribute to developing walkable environments and ultimately promote 
active mobility for all population groups (D’Orso and Migliore, 2020).

Table 3: Descriptions of the Walkscore and PEWI.

Walkscore Perceived Environment 
Walking Index (PEWI)

BarmbekNord

Mean (sd) 89.88 (6.78) 79.86 (5.15)

Min 71.16 64.95

Max 99.15 91.95

Bahrenfeld

Mean (sd) 76.62 (12.08) 67.91 (10.38)

Min 23.27 21.93

Max 92.15 84.56
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5 Discussion and Conclusion
This paper investigated multiple relations between different dimensions of the walkability 
concept, discussed methodologies for assessing walkability in urban neighbourhoods and 
presents the development of the Perceived Environment Walking Index (PEWI). To the best of 
our knowledge, this study represents one of the first studies to integrate so many aspects of 
walkability and subjective perceptions in a coherent instrument.

With the overall intention of improving the modal share of walking and therefore enhanc-
ing individual well-being and reducing the negative effects of sedentary lifestyles, a wide 
range of literature from different disciplines and research focuses on newly developed 
walkability indicators and tests their validity in different spatial levels and with different 
methodologies.

Despite these considerable efforts, there is often a lack of reflection on objectively deter-
mined accessibility conditions with subjective perceptions of neighbourhood residents, 
who ultimately shape mobility decisions. This is also in line with De Vos et al. (2019), who 

Figure 9: Walkscore and PEWI in Bahrenfeld und Barmbek-Nord.
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demanded a detailed understanding of the user-specific experience of urban environments, 
different types of infrastructure and traffic situations. So, this paper can be read as respond-
ing to recent calls for more research in this area (Curl, 2013; Lättman, 2018) and the need 
for consistent methods to collect and integrate several features that affect walking. We inte-
grated and analysed the influence of subjective perceptions of walking accessibility as well 
as 18 walkability indicators on an existing accessibility instrument by developing an adapted 
version of the Walkscore, the PEWI.

Therefore, we used a multi-method study design and identified indicators that give a more 
nuanced description of the influence of the built environment on the walkability of the target 
groups in order to expand small-scale accessibility models. We developed and tested the PEWI 
in two urban neighbourhoods in Hamburg in three steps. Firstly, we calculated the Walkscore 
that represents objective walking accessibility and added two facilities to be accessed and 
adjusted their weightings according to the target groups. Second, we developed the PEWI on 
this basis by integrating 18 walkability indicators representing physical features as well as the 
quality of the walking route and subjective perceptions of walking accessibility. Subsequent 
equal weighting of input variables allowed the influence of each indicator to be elaborated 
and visualised in GIS. The results illustrate how individual perceptions can be integrated with 
physical features of the environment and qualities of the walking route into a group-specific 
indicator. The data collection was based on a systematic neighbourhood audit. The subjective 
perceptions were collected in a household survey.

The PEWI illustrates the local provision of facilities and services taking into account the 
quality of walking. Comparing the two neighbourhoods shows clear differences. The study 
area in Bahrenfeld has a low quality in the functionality category, that is, kerbstone lowering, 
obstacles, available seating and pavement width. These indicators are particularly important 
for people with limited mobility, such as older people walking with a stroller or stick or young 
families with a pram or a little baby bicycle. The needs of these vulnerable groups must be 
taken into account to prevent social exclusion and to enable an independent, self-determined 
life. In the study area in Barmbek-Nord, the highest deficit is in the pleasantness category. 
Noise pollution in the neighbourhood is the highest negative factor influencing walkability. 
In the attractiveness category, both districts perform best except for walking accessibility 
perceptions.

Using the PEWI in the two study areas leads us to three conclusions regarding our research 
questions. First, the survey methods of a neighbourhood audit and the integration of the 
indicators into an existing accessibility tool have proven to be a promising, nuanced method 
to get a more accurate picture of walkability and accessibility. Equal weighting of all indi-
cators except for noise pollution and perceived walking accessibility allows a comparative 
analysis of the influence of all indicators, the built environment as well as the qualities of the 
walking route.

Second, regarding the effects for small-scale accessibility analysis, the PEWI enables 
detailed deficits to be shown spatially on a micro level and thus walkability to be analysed 
on a grid level (100m × 100m). The variety of indicators not only allows focus on individual 
aspects, but also a holistic analysis that includes not just noise pollution and pavement 
width, but also traffic volume and qualities, such as the attractiveness of the street space or 
street greenery.

Finally, the difference between Walkscore and the PEWI shows that commonly used indices, 
focusing only on distances or travel times, are not sufficient to represent the lived reality of 
accessibility and walkability and cannot incorporate target group-specific perceptions. In line 
with van der Vlugt et al. (2022) and Gorrini and Bandini (2018) we conclude that integrating 
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perceptions as well as user-specific needs is highly relevant when studying individuals’ travel 
decisions.

The present research elaborated an urgent need for action in planning practice. In line 
with Curl et al. (2011) as well as van der Vlugt et al. (2022), there should be more respon-
sibility for planners to develop opportunities for more walkable environments. The PEWI 
can function as a basis for planning practice to identify deficits in a particular area at micro 
level. Concepts can be developed on this basis. In this way, accessibility planning could avoid 
the criticism of assuming the homogeneity of a society by only involving distances or travel 
time. It could contribute to ensuring social inclusion by integrating the needs of different 
target groups, especially vulnerable groups like older people or children, in future planning. 
The PEWI shows, for example, where there is a shortage of seating, where to initiate crime-
prevention measures, where to focus on pedestrian infrastructure. The PEWI can function as 
a toolbox illustrating the effects of individual indicators. Depending on the issue, planning 
practitioners can use these indicators to get a more nuanced picture of walkability and have 
the opportunity to use an instrument that approaches representing the ‘lived reality’ of acces-
sibility and walkability.

The study has some limitations. The large number of indicators integrated in the PEWI 
is valuable and unique, but it significantly increases the complexity of the analysis. On the 
one hand, with regard to the neighbourhood’s audit, it is questionable whether so much 
detail at segment level is feasible for planning practice. The integration of a wide range 
of indicators is an immense added value of the PEWI. Nevertheless, there is a need for dis-
cussion with regard to individual indicators. For example, green spaces are integrated in 
the form of trees or other roadside greenery. However, the quantity is measured, and the 
quality of the green spaces is not included but merely investigated via the attractiveness of 
the pavement or streetscape design. The indicators ‘badly illuminated spots’ and ‘potential 
fear-causing points’ were surveyed during the day. The after-dark perception, which has 
been identified as an influencing factor for the perception of accessibility (van der Vlugt 
et al., 2019), is accordingly not represented. The objective indicators, such as pavement 
width measured in metres, number of lanes or presence of green space, can be objectively 
recorded by the survey team without bias. The quality of the pavement and classification of 
an area as a potential fear-causing point, as well as any attractiveness factors, are a more sub-
jective reflection of the researchers’ perception. Perceptions of safety in particular are highly 
subjective. Therefore, we did not use potential fear points and badly illuminated spots as a 
restriction, but instead added a deficit to account for the variability of perceptions. It is not 
forbidden to pass through the fear-inducing points in the calculation, but the route will still 
have a deduction. The indicator ‘perceived accessibility’ could not be queried in every grid 
cell because we used a random sample. Accordingly, perceptions were not integrated across 
the board, but transferred to nearby grids through interpolation. The indicators ‘people 
encountered’ and ‘obstruction through parking’ suffer from bias due to their time depend-
ence. We tried to compensate for this bias by collecting the data on segment level and not 
on point level.

Another limitation refers to the third strand of walkability research outlined in Section 
2.2, the capability approach. With the aim of integrating hindering factors related to walk-
ability, we intend to give actors the opportunity to derive recommendations for action and 
thus maximise freedom and opportunity through the expansion of options for action. Several 
conversion factors were integrated into the PEWI in order to give opportunities to convert 
conditions and commodities into functionings, for example: numerous features of the built 
environment, such as lowered kerbs, width of the pavement or available seating. However, 
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individual specifics, such as personal resources, mobility limitations, health status, individual 
attitudes, which are important factors in shaping perceptions, could not be included in the 
index. The factor of perceived walking accessibility contains the personal assessment of walk-
ing accessibility but cannot consider the individual values that lead to the assessment.

Moreover, it would have been possible to weight the deductions of perceived accessibil-
ity higher in order to give more space to the perceptions of accessibility. In this case, the 
index would only reflect the perceptions of the target groups. However, depending on the 
practical planning intention, for example regarding age-appropriate neighbourhood devel-
opment, this would be quite conceivable. Furthermore, studies, such as van der Vlugt et al. 
(2019), show that the integrated indicators that represent the topic of barrier-free environ-
ment, safety and attractiveness have significant influences on the perception of accessibility 
of precisely these target groups. Therefore, a wide range of indicators has a decisive influence 
on people’s perception that we already integrated in the PEWI.

In addition, agglomeration effects may emerge with the high number of indicators. For 
example, on a two-lane street, higher speeds are allowed, which in turn generate higher noise 
levels. Therefore, an equal weighting of all indicators was chosen. This allows for an equal 
accumulation of the deductions. The neighbourhood audit was based on the administrative 
district boundaries, but since facilities outside the administrative boundaries are also located 
within the 500m walking radius and are therefore included in the objective accessibility cal-
culation, data are incomplete for segments at the edges of the study area.

Further research is also needed regarding the integration of qualitative methods to col-
lect more detailed perceptions of different user groups. The PEWI tried to integrate user-
specific needs and perceptions, but subjective motives and assessments are highly varied. 
Integrating focus groups, in-depth interviews and neighbourhood walks, would make it pos-
sible to obtain an improved understanding of different motives, needs and assessments. This 
could also take into account the different perceptions of safety and security. Especially for 
vulnerable groups, such as older people or children, it is worth analysing them separately 
with the help of qualitative methods, for example walk-alongs. Even though they seem to 
have similar needs and preferences with regard to walkability (Warner and Zhang, 2019), by 
interviewing them while walking, a specific focus is placed on the experience of the space and 
the possibility for exchange about impressions and emotions (Stals et al., 2014). Therefore, 
the researcher as well as the interviewee can react directly, and we can gain a deeper under-
standing of the specific needs and preferences of these groups and help to plan target group 
specific walkability in cities. With this type of interview, it would also be possible to learn 
more about personal resources, mobility limitations, health status and individual attitudes 
in relation to the capability approach. There is also a need to use digital assessment methods 
like ICT-based tools. These have the potential to actively integrate the population into the 
analysis in the form of a citizen science approach. With the help of an app, people can digi-
tally enter factors that promote and hinder walkability. In addition, the use of online map ser-
vices with 360-degree views of the street, such as Google Street View, can reduce the survey 
effort (Cleland et al., 2021). The PEWI is a holistic tool for analysing walkability and the local 
provision of facilities and services. It would be a big effort to combine this with action radii 
and the actual activity patterns in a neighbourhood, including health data (for example with 
an accelerometer). Combined with the PEWI, it would make a major contribution to shaping 
future planning in a target group-specific manner.
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