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Abstract 

In  this  paper,  we  propose to  use  a  relational  lens  to  understand  walkability  by

acknowledging that what constitutes a walkable environment may vary considerably

between pedestrians who have different needs,  capacities,  and purposes.  A multiple-

scenario  approach  is  developed  for  assessing  walkability,  which  recognises  that  in

valuation,  major  components  in  walkability  assessment  may not  always compensate

each  other.  The  analysis  accommodates  the  idea  that  some  components  may  be  so

important to certain people or in particular situations that they act as hard and non-

negotiable  constraints  on  valuation.  Other  components,  however,  are  negotiable  and

lower scores can be compensated by, and traded against, higher scores on others. The

procedures for applying the multiple-scenario approach to a rapidly developing city in

China are presented, using environmental audit and reliability tests with data collected

from four neighbourhoods of Shenzhen. The proposed approach offers an innovative

way  to  account  for  different  situations  of  assessing  walkability,  and  challenges  the

traditional assumption of walkability by creating multiple scenarios that cater for the

specific needs and preferences of pedestrians. 

Keywords: neighbourhood walkability; multiple-scenario approach; street-level; built 

environment; heterogeneity; Shenzhen
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1 Introduction

The accumulating evidence on the benefits of  walking for physical and psychological

health  has  attracted  much  interest  from  policymakers  seeking  to  create  a  more

sustainable urban environment (City of Melbourne, 2014; Transport for London, 2018).

In line with this trend, many studies have been devoted to using different methods to

assess  walkability1,  including  geographic  information systems,  environmental  audits,

and questionnaire surveys (Cerin et al.,  2011; Cole et al.,  2015; Koohsari et al.,  2016;

Pikora et al., 2003). However, most of these studies have seen walkability as a universal

quality and assumed that a single walkability index can be applied in many different

locations,  contexts  and  situations  (Frank  et  al.,  2010;  Lefebvre-Ropars  et  al.,  2017;

Nickelson, Wang, Mitchell, Hendricks, & Paschal, 2013; Zuniga-Teran et al., 2019). Such

practice implicitly assumes that all  pedestrians perceive and respond to the walking

environment in a similar way. Nonetheless, this mode of thinking overlooks the fact that

the ideas of what constitutes a walkable environment can vary considerably between

different groups of people who have their own specific needs, purposes and preferences.

Moreover,  individuals’  experiences  of  walkability  may  be  mediated  by  the  places  in

which they have lived in the past or currently reside, as previous and recent experiences

can shape  how  pedestrians  interpret  specific  features  of  the  built  environment  and

understand walkability  (Chan et  al.,  2020).  As  a  result,  in  this  paper  we argue that

walkability  needs  to  be  understood  in  a  more  relational  way,  by  considering  how

individuals with specific bodily capabilities and understandings interact with various

features of the built environment and other objects in places (Andrews, Hall, Evans, &

Colls, 2012; Duff, 2010). Rather than seeing walkability as a single quality that unifies

the environmental features, we argue that walkability should be reconceptualised as a

relational  quality  that  emerges  from  the  current  and  past  interactions  between

pedestrians and the environments in which they dwell, walk and use different means of

transport. 

To operationalise this concept,  we apply the principle of non-compensatory decision

1 Acknowledging that walkability is a loosely defined but commonly used concept (Forsyth, 2015), in this study, we 
consider walkability as a multi-dimensional construct that measures how the built environment is constructed to 
support walking and active lifestyles. We limit our attention to studies that consider the role of built environment 
features in people’s walking behaviour and experience only. Further discussion about typologies of other walkability 
assessment studies is available in Vale, Saraiva, & Pereira (2016).
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rules  to  develop  a  set  of  walkability  scenarios  to  assess  walkability  for  different

pedestrian  groups  or  situations.  This  approach  takes  into  account  that  for  some

pedestrians or in certain situations, certain environmental qualities must be present for

a segment of a street or footpath to be considered walkable; its absence, or a low level of

quality, cannot be compensated by the presence of other qualities. The five scenarios

presented in this study can be regarded as a starting point to widen our understanding

of walkability with a more flexible and relational perspective. 

The literature on walkability assessment has been dominated by studies in the global

North. Recently, studies from cities in less developed countries are growing but are still

relatively scarce (Albers, Wright, & Olwoch, 2010; Habibian & Hosseinzadeh, 2018; Su et

al.,  2014; Sun, Webster,  & Chiaradia,  2017).  Given that the population density,  urban

structure and walking environment are hugely different between cities in the developed

and  developing countries  (Alfonzo,  Guo,  Lin,  & Day,  2014),  studies  that  are  focused

specifically  on  understanding  walkability  in  the  developing  world  are  essential.

Although Shenzhen has been recognised as one of the most walkable cities in China

(NRDC, 2014), it is also experiencing rapid urban expansion and growth in automobile

ownership. The daily average number of walking trips made by Shenzhen citizen has

been decreasing as indicated in the most recent travel characteristics survey (Shenzhen

Urban Planning and Research Centre, 2017). In view of this situation, there is an urgent

need  to  improve  the  understanding  and  assessment  of  walkability  in  this  rapidly

changing urban environment. 

The  aim  of  this  paper  is  to  present  a  multiple-scenario  approach  for  walkability

assessment  and  empirically  apply  this  approach  in  selected  neighbourhoods  of

Shenzhen.  The  approach  allows  us  to  reconceptualise  walkability  as  a  relational

construct  where  the  saliency  of  specific  attributes  may  differ  between  population

groups and/or according to the situation. 

2 Literature Review

2.1 Walkability and relational thinking

The constant debates on the meaning of walkability in research,  practice and public
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discussions did not prevent the frequency of its application, and large number of studies

to  date  have  developed  tools  and/or  indices  to  measure  walkability.  In  a  recent

literature  review,  Vale  et  al.  (2016)  categorised  80  studies  that  measures  active

accessibility into four major types based on their  methodological  and computational

similarities,  namely:  distance-based,  gravity-based,  topographical  or  infrastructure-

based,  and  walkability  and  walk  score-type  measures.  Within  this  vast  literature  of

walkability assessment,  here,  we focus specifically on two complementary strands of

studies  that  emphasise  the  quantification of  the  built  environment  features  that  are

important to people’s walking behaviour and experience. The first strand of studies can

be found more commonly in transportation and urban planning studies. They tend to

use  GIS  tools  to  analyse  built  environment  characteristics  and  develop  quantitative

indices to assess walkability (Cole et al., 2015; Frank et al., 2010; Glazier et al., 2012;

Leslie et al.,  2005; Neckerman et al.,  2009; Tsiompras & Photis, 2017). These studies

have  provided  a  novel  and  direct  way  to  quantify  the  walkability  of  the  built

environment.  Nonetheless,  walkability  in  these  studies  was  assessed  at  a  larger

geographical scale,  such as census tracts (Frank et al.,  2010;  Owen et al.,  2007) and

other administrative spatial units (Cho & Rodríguez, 2015). As a result, the components

used to construct these indices focus more on capturing the density and diversity of

land uses, such as residential or population density, land use mix, intersection density,

retail floor area ratio, distance to nearest subway stops/parks/retail areas, while less

attention has been placed on quantifying the smaller scale streetscape features along

the footpaths2 (Cho, & Rodríguez, 2015; Cole et al., 2015; Glazier et al., 2012).

Giving  that  walking  is  a  much  slower  activity  and  pedestrians  have  more  direct

interaction with the surrounding environment during their walking trips (Clifton, Smith,

& Rodriguez, 2007), the other strand of studies has focused more on the micro-scale of

street-level attributes and design features such as footpath width, pavement flatness,

presence of trees and various amenities, etc. in representing walkability. These studies

have developed numerous environmental audit tools in developed countries (Clifton et

al.,  2007; Day,  Boarnet,  Alfonzo, & Forsyth,  2006; Millstein et al.,  2013; Pikora et al.,

2003) and developing countries (Albers, Wright, & Olwoch, 2010; Aghaabbasi, 2018; Su

2 In this study, the term “footpath” is used to represent all types of walkways used by pedestrians, including walkways 
along the sides of a road and pedestrian only paths. The term “footpath” is used interchangeably with similar terms, 
like “sidewalk” and “pavement”.
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et  al.,  2014;  Taleai  &  Amiri,  2017);  for  walking  routes  with  specific  purposes  (Sun,

Webster,  & Chiaradia,  2017; Troped et  al.,  2006); and in different settings,  like rural

areas (Fisher, Richardson, & Hosler, 2010; Scanlin, Haardoerfer, Kegler, & Glanz, 2014)

and the workplace (Dannenberg, Cramer, & Gibson, 2005). In general, these audit tools

have paid more attention to  the  objectively measurable  physical  features.  Subjective

features, such as comfort, attractiveness, smells and sound, which have been identified

to have significant influence on walking experience in other studies, have largely been

overlooked  (Cook,  Bose,  &  Main,  2014;  Ferrer,  Ruiz,  &  Mars,  2015).  The  major

environmental audit tools reviewed are shown in Table 1 below. 

[insert Table 1]

Despite the substantial number of studies conducted on walkability and considerable

efforts to assess walkability, the “relational turn” in human geography and the social

sciences offers a new perspective to explore the fluidity of places and spaces as well as

our understanding of walkability (Ettema & Schwanen, 2012; Hui & Walker, 2018; Jones,

2009).  Scholars have sought to bring attention to  the relational  capacities of  human

bodies,  and  their  encounters  and interactions  with  multiple  environmental  features,

other bodies and objects in  places (Andrews,  Hall,  Evans,  & Colls,  2012;  Duff,  2010;

Schwanen,  Banister,  &  Bowling,  2012).  Following  their  lead,  we  propose  to

reconceptualise walkability in a more relational way in which due consideration is given

to the specific needs, capacities and preferences of pedestrians as well as their current

and past interactions with the environments in which they dwell, walk and travel (Chan

et al., 2021). Taking the variability of pedestrians’ needs, capacities and preferences into

consideration,  the  concept  of  walkability  can  move  from a  previous  “absolute”  view

towards  different  “relational”  conditions  (Ingold  &  Vergunst,  2008;  Jones,  2009;

Stevenson & Farrell, 2018). 

Recognising  that  walkability  can  be  reconceptualised  in  a  more  relational  way  by

considering the differentiated needs, capacities and preferences of pedestrians and their

interactions with the environment,  we also need to consider how such ideas can be

incorporated  into  practical  walkability  assessment.  This  leads  us  to  rethink  the
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assumptions about the extent to which different qualities can compensate for each other

in existing walkability assessment studies.

2.2 Decision rules in walkability assessment 

In  measuring  and  calculating  walkability,  many  studies  have  assumed  a  fully

compensatory  structure  among  the  major  qualities  and  attributes  concerned  in

walkability  assessment,  implying  that  a  low  score  on  one  dimension  can  be

compensated by a high score on another. For instance, in the widely applied walkability

index (Frank et al., 2010; Leslie et al., 2005), the additive rule is applied to sum the z-

scores of all walkability qualities together. In other studies, researchers assign certain

weightings to each walkability quality based on results from questionnaire surveys or

factor analysis and summarise the scores of each quality (Blečić et al., 2015; Glazier et

al., 2012; Tsiompras & Photis, 2017). However, the use of weightings only considers the

relative importance of different walkability qualities. It does not fully account for the

fact  that  certain  factors  have  decisive  and  non-negotiable  influence  on  walking

behaviour,  especially  for  specific  population  groups  (e.g.  older  adults,  women  and

people with disabilities) (Ferrer et al., 2015; Golan, Wilkinson, Henderson, & Weverka,

2019; Gullón et al., 2015). These factors could be regarded as hard conditions that have

to be met for some pedestrians to be able and/or wiling to walk on that street segment

or in that environment. In this case, assuming a fully compensatory structure among the

walkability qualities might oversimplify the complex situation and unable to reflect the

true walkability for certain pedestrians. 

As individuals make their daily decisions based on various decision rules and heuristics,

we  draw  on insights  from the  behavioural  sciences  in  order  to  better  consider  the

relationships  between  various  qualities  of  walkability  in  constructing  a  walkability

index. Behavioural scientists have identified numerous decision strategies to further our

understanding of the complexity of people’s evaluation and decision-making processes.

These decision rules include lexicographic rules (Tversky, 1969), elimination-by-aspects

(EBA)  (Tversky,  1972),  and  conjunctive  /  disjunctive  rules  (Einhorn,  1970).  A  key

distinguishing factor among these decision rules is the extent to which trade-offs can be

made between the attributes within the model. A rule is considered compensatory if the
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decision maker can trade a low value on one dimension against a high value on another

dimension;  it  is  non-compensatory  if  deficiencies  in  one  dimension  cannot  be

compensated by surpluses in another dimension (Payne, 1976).

In view of these concerns, it is necessary to reconsider the reliance on compensatory

mechanisms  in  existing  walkability  assessment  studies  and  to  include  non-

compensatory mechanisms to consider the irreplaceable nature of certain qualities in

walkability assessment. In this case, we propose to use a combination of multiplicative

and additive functions to create multiple scenarios of walkability indices for walkability

assessment. 

3 Methods

3.1 Research procedures

This  section  introduces  the  procedures  for  conducting  the  multiple-scenario  and

relational  walkability  assessment,  which  consists  of  four  major  parts,  namely:  tool

development,  data  collection,  data  preparation,  and  scenario  construction.  Figure  1

shows the major steps involved in this approach.

[insert Figure 1]

The first stage was to identify the major qualities of walkability and select appropriate

measurement items to be included in the environmental audit tool. This was done with

the  help  of  a  combination  of  methods,  including  literature  review,  semi-structured

interviews, and the researcher’s own experience of the local environment. After the tool

was developed, an environmental audit was conducted in randomly selected samples of

footpaths within the selected neighbourhoods, to collect data on walkability. The next

stage was data preparation. Inter-rater and intra-rater reliability tests were performed

to ensure the quality of the measurement items included for further analysis. Through a

series of aggregation and scoring procedures, the data was transformed into scores to

represent specific qualities of walkability. The final stage was the walkability scenario

construction,  where  various  combinations  of  compensatory  and  non-compensatory

decision rules were applied to create different walkability scenarios for assessment.
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3.2 The case of Shenzhen

As  one  of  China’s  largest  metropolitan  cities,  Shenzhen is  experiencing  rapid  urban

transformation  and  sprawl.  Urban  development  has  created  neighbourhoods  with

diverse  and distinctive characteristics,  for instance,  with varied road and pedestrian

network  structures,  different  block  sizes  and  land  use  mix.  This  distinctive

neighbourhood environment may influence people’s walking behavior. For instance, a

recent  report  noted  that  residents  living  in  the  outer  urban  neighbourhoods  in

Shenzhen conduct more walking trips than those living in inner urban neighbourhoods

(Shenzhen  Urban  Planning  and  Research  Centre,  2017).  In  order  to  capture  the

variability  of  Shenzhen’s  neighbourhood  environments  and  its  associations  with

walkability,  we  purposefully  selected  four  neighbourhoods  for  analysis,  including

Xinzhou (Inner urban - High accessibility, IH), Xinsha (Inner urban - Low accessibility,

IL), Shangjing (Outer urban - High accessibility, OH) and Huilongpu (Outer urban - Low

accessibility, OL), as shown in Figure 2. 

[Insert Figure 2]

3.3 Development of environmental audit tool

This process has involved two steps: 1) identifying major walkability qualities and 2)

selecting measurement items. Major walkability qualities were selected on the basis of a

synthesis  of  existing  literature.  In  total,  six  qualities  were  identified:  Land  use  and

destinations  (LAND),  Safety  (SAFE),  Aesthetics  (AEST),  Amenities  (AMEN),  Footpath

design and condition (PATH), and Subjective assessment and experience (SUBJ). Next,

three  methods  were  used  in  combination  to  select  the  measurement  items:  First,  a

comprehensive  review  of  the  walkability  assessment  literature  was  performed  to

identify  the  measurement  items  used  in  previous  studies.  Second,  semi-structured

interviews were conducted with local residents in Shenzhen to understand their views

on the built environment features that contribute to walkability. Third, the lead author

conducted  a  three-month  fieldwork  in  the  selected  neighbourhoods  to  familiarise

himself with the local context and immerse himself into the local walking environment

(Phillips & Johns, 2012). This fieldwork not only offered a valuable opportunity for the
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lead author to  observe,  sense and experience the walking environment  in  the study

areas, but also provided important place-sensitive insights about which measurement

items should be selected and how they should be specified, but also. 

The  combination  of  semi-structured  interviews  and  fieldwork  resulted  in  the

identification  and  inclusion  of  various  previously  not  considered  items  such  as  the

volume of sound, air quality, and presence of a police stand. In the end, the resulting

environmental audit tool is comprised of 87 measurement items, as shown in Table 2 (A

brief review of the measurement items used in existing studies is included in Appendix

1). 

[insert Table 2]

3.4 Conducting the environmental audit

An environmental audit was conducted with the approach developed in the previous

section and a stratified random sample of footpaths in each selected neighbourhood was

examined.  Four professional  surveyors  were recruited to  conduct  the  environmental

audit. All of the surveyors had to participate in both in-class and on-site training by the

lead author before performing the audit. First, a two-hour in-class training addressed

the  aim  of  the  audit,  its  procedures,  and  the  standard  of  the  assessment.  Detailed

descriptions and photos of the environmental features to be assessed were provided to

allow  the  surveyors  to  identify  and  familiarise  themselves  with  the  environmental

features of the local environment. After that, an on-site training was provided during

which the surveyors conducted a pilot assessment. Their performances were monitored

before  the  actual  audit  was  conducted.  The  environmental  audit  tool  is  included  in

Appendix 2. 

Footpaths in this study were defined as roads, streets or pedestrian paths bounded by

two consecutive junctions or cross streets. Footpaths were categorised into three types:

major  footpaths  (footpaths  alongside  major  roads),  minor  footpaths  (footpaths

alongside non-major roads), and other passageways (other informal footpaths and small

alleys).  This  study pays  particular  attention to  assessing  the  walkability  of  informal
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paths and alleys that have typically been excluded from consideration in most existing

studies, because the lead author’s fieldwork has demonstrated that these paths were

often used by pedestrians. Major and minor footpaths were categorised using the road

hierarchy published by Shenzhen Planning and Natural Resources Bureau, while other

passageways were identified during the lead author’s fieldwork. If the footpaths were

longer than 200m, they were subdivided into separate segments to ensure consistency

in segment length and allow for better comparison across footpaths. Although previous

studies  had  shown  that  auditing  25%  of  randomly  selected  footpaths  within  a

neighbourhood could provide sufficiently reliable estimation of walkability (McMillan,

Cubbin, Parmenter, Medina, & Lee, 2010), we randomly selected 50% of major footpaths

and 30% of minor footpaths and 30% of other passageways in each neighbourhood for

our audit to err on the side of caution. In total, 406 footpath segments were assessed,

including 132 segments of repeated measures for the reliability tests. 

3.5 Data preparation

Scoring of data collected from environmental audit

Dichotomous items (no/yes) were scored as 0/1 to  indicate  the  presence of  certain

attributes. Further, the scores of these items were summed up as a combined score for

further aggregation. Measurement items with multiple categories were scored as 0, 1, 2

(or more) to  capture frequency or magnitude of environmental  features.  Continuous

items were categorised into separate groups based on relevant standards. For example,

PM2.5 was categorised into 3 groups: <36µg/m3, 36-75µg/m3 and >75µg/m3, based on

national  standards3.  For  ease  of  interpretation,  all  items were scored so that  higher

value indicates better walkability. 

Reliability tests

To ensure the reliability of the measurement items, both intra-rater and inter-rater tests

were conducted (as shown in Table 3 and 4).  Intra-rater reliability was assessed by

comparing  a  surveyor's  repeated  assessments  of  the  same  segment,  and  inter-rater

reliability  was evaluated by comparing the results  of  paired surveyors  for  the  same

segment.  Cohen’s  kappa  (k)  and  the  intraclass  correlation  coefficient  (ICC)  were

3 Ambient air quality standards (GB3095-2012) published by Ministry of Ecology and Environment of the People’s 
Republic of China
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calculated for categorical and continuous variables respectively. We also computed the

percentage  agreements  to  consider  the  reliability  of  those  items  that  exhibit  little

variation (Day et al.,  2006).  For measurement items with fewer than 3 observations,

kappa and ICCs were not computed, but instead percentage agreement was presented

with the caution that agreement due to chance may be high.

[insert Tables 3 and 4]

We found that measurement items in “Subjective assessment and experience” presented

lower reliability compared to other walkability qualities for both intra-rater and inter-

rater reliability tests, and this result is consistent with previous studies (Sun et al., 2017;

Pikora et al., 2003). Nonetheless, moderate to high levels of percentage agreement were

observed  from  these  items.  Considering  the  results  from  the  reliability  tests,  we

removed 16 items with low kappa/ICCs or without sufficient variability and retained 71

items for final analysis4. 

Data aggregation

After the reliability tests, the next process was to further aggregate the data for analysis.

Because there are multiple measurement items for one construct in the audit tool, we

followed  a  similar  approach  as  in  Millstein  et  al.’s  (2013)  study  to  organise  the

measurement items into a tiered classification system. At the lowest level of constructs,

we first summed the scores for the measurement items that belong to a single construct

into a single numerical value. For example, to represent the presence of food-related

destinations,  the  scores  of  the  three  individual  measurement  items  (Supermarket  /

Fresh food market, Restaurant, 24hr convenient store) were added up to form a single

numerical  value.  After  that,  as  the  measurement  items  have  different  ranges  and

distributions, they were normalised using the following formula to bring the values into

the (0, 1) range: 

X '=(
X−Xmin
Xmax−Xmin )

4 Some of the measurement items were grouped into a single question in the audit form as shown in Appendix 2 for 
convenience in implementation. Please refer to Table 2 for the number of measurement items retained after reliability
tests.
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X is the selected variable; X’ is the normalised value of the variable; Xmax and Xmin are the

maximum and minimum values respectively. In the next step, we further use average

scores  of  the  items  to  combine  into  walkability  sub-quality  and  walkability  quality

scores. In practice, first, all measurement items under each sub-quality were averaged to

obtain  the  sub-quality  score.  And  then,  all  sub-quality  scores  were  averaged  and

rescaled into values between 0 to 10, to form the walkability quality scores. This method

of data aggregation is chosen because it is not only simple in operation, but it also allows

the examination of the walkability attributes at various tiered levels of specificity. 

3.6 Construction of walkability scenarios

After the data aggregation process, the walkability quality scores for all footpaths were

computed, this section then presents the application of different decision rules to derive

the five walkability scenarios and their potential  applicability to different pedestrian

groups. The first two scenarios present the two extremes of the spectrum (completely

compensatory  and  non-compensatory),  the  other  three  scenarios  are  partial  non-

compensatory (with certain walkability qualities considered non-compensatory),  and

these scenarios  try  to  measure walkability  for  specific  population  groups  and/or in

specific situations more realistically. However, the walkability scenarios presented here

are  by  no  means  comprehensive.  Different  scenarios  based  on  other  method  of

combination could be developed in the future. 

Scenario 1 – Completely compensatory 

This scenario presents the most traditional and widely adopted method in calculating

walkability index in existing studies, by assuming that all walkability qualities can be

compensated by one another. The walkability index is computed by adding the scores of

six walkability qualities together. This method is common as it is easiest to compute and

able to provide a general picture of the data. The walkability index can be calculated by

using the following formula: 

WS1 = LAND + SAFE + AEST + AMEN + SUBJ + PATH

Scenario 2 – Completely non-compensatory 
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In  this  scenario,  we  assume  that  none  of  the  six  walkability  qualities  can  be

compensated by the others. Thus, the scores of six walkability qualities were multiplied

to get the walkability index. For example, a footpath with a lower score in aesthetics

cannot be compensated by a higher score in another quality, e.g. safety. Hence, a lower

score in any one of the qualities will significantly lower the overall walkability using this

completely  non-compensatory  method  of  calculation.  The  walkability  index  can  be

calculated by using the following formula:

WS2 = LAND x SAFE x AEST x AMEN x SUBJ x PATH

Scenario 3 – Preference for short distances and safety

This scenario represents the circumstances in which the scores on the two qualities of

land use and destinations, and safety are considered to be hard and non-compensatory

criteria in assessment of walkability. This scenario assumes that pedestrians need or

have  a  strong imperative  to  walk  for  short  distances  (e.g.  because  of  poor  physical

condition or time constraints) and consider a safe walking environment as necessary. In

this instance, having destinations in close proximity and being able to access them via

safe routes are both essential.  This scenario can be applied especially to pedestrians

who have limited ability to walk for long distances and pedestrians who regard safety as

critical  factor for their walking experience,  including older pedestrians and children.

Other  qualities  are  considered  compensable  by  each  other  in  this  scenario.  The

walkability index can be calculated by using the following formula:

WS3 = LAND x SAFE x (AEST + AMEN + SUBJ + PATH)

Scenario 4 – Emphasis on footpath quality 

This scenario highlights the non-compensatory nature of the qualities of footpath design

and condition, and amenities in computing the walkability index. This scenario assumes

that the features and conditions of footpath are essential criteria for making walking

attractive to certain people. The scenario is usable to assess walkability for pedestrians

that  have  particular  concerns  over  various aspects  of  footpath quality.  For  example,

smooth  surface  of  footpath  is  essential  for  pram  users;  having  sufficient  width  of

footpath and presence of various amenities are essential for people with disabilities or

mobility impairments. The other four qualities can be compensated by each other in this
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scenario. The walkability index can be calculated by using the following formula:

WS4 = AMEN x PATH x (LAND + AEST + SAFE + SUBJ)

Scenario 5 – Emphasis on sensory experience 

This scenario assumes that aesthetics and subjective experience as non-compensatory,

indicating the circumstances in which sensory experience (e.g. pleasure and comfort)

such as those depending on various stimuli from the environment (e.g. lights, sounds,

smells) are critical constituents of walkability (Mehta, 2008). This scenario is particular

useful for specific purposes of walking trips in which pedestrians pay extra attention to

sensory experiences of walking, such as for leisure or recreational trips. The other four

qualities are regarded as compensatory in this scenario. The walkability index can be

calculated by using the following formula:

WS5 = AEST x SUBJ x (LAND + AMEN + SAFE + PATH)

4 Results 

This results section consists of two parts. The first sub-section presents the descriptive

statistics  and  one-way  ANOVA  to  compare  the  overall  walkability  among

neighbourhoods  for  the  five  walkability  scenarios;  the  next  sub-section  further

compares  the  changes  in  walkability  for  footpaths  when  assessed  using  different

scenarios  and  highlights  the  applicability  of  each  walkability  scenario  in  different

situations and conditions. 

4.1 Descriptive statistics

Since  the  walkability  scores  in  the  five  scenarios  have  different  value  ranges,  the

walkability  scores  for  each  footpath  were  further  transformed  into  z-scores  for

comparison  purpose.  The  descriptive  statistics  of  the  walkability  scenarios  are

presented in  Table 5 below. First,  the use of  the traditional  compensatory approach

(WS1) for walkability assessment results in a higher mean walkability compared to other

scenarios. In contrast, Scenario 2 (WS2) results in the lowest mean walkability. Next, a

comparison  of  footpath  types  indicates  that  major  footpaths  are  the  most  walkable

(highest mean walkability), followed by minor footpaths and other passageways across

all  five  scenarios.  But  the  differences  between  the  footpath  types  vary  across  the
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scenarios.  For  instance,  the  mean walkability  for  major  footpaths  is  about  six  times

higher  than for  other  passageways  in  WS2,  which is  much higher  than in  the  other

scenarios (ranging from 1.78 to 3.39). 

The  mean  walkability  of  the  four  neighbourhoods  were  compared  using  one-way

ANOVA (Table 6). No statistically significant differences can be found for WS1 (F=2.459,

p=.063) and WS3 (F=1.286, p=.280), but statistically significant differences at p<0.05 can

be observed in the other scenarios (WS2,  WS4 and WS5)  using fully or partially non-

compensatory  methods.  The  outer  urban  -  low  accessibility  neighbourhood  is,  on

average, the most walkable and the inner urban - high accessibility neighbourhood is

the  least  walkable  in  all  scenarios  except  for  WS3.  In  WS3,  the  outer  urban  -  high

accessibility  neighbourhood  ranked  second,  followed  by  the  inner  urban  -  low

accessibility neighbourhood. This is due to the higher scores for the walkability quality

“land use and destinations” in the outer urban - high accessibility neighbourhood. This

observation is interesting because unlike the conventional understanding that high local

accessibility neighbourhoods are usually more walkable, this result demonstrated that

the accessibility  level  of  a  neighbourhood might  not  necessary associated with  how

walkable  a  neighbourhood  is  using  the  multiple-scenario  approach  for  walkability

assessment.  Likewise,  the  post-hoc  tests  also  demonstrated  that  the  differences  in

walkability  among  neighbourhoods  vary  in  each  scenario,  showing  that  these

walkability scenarios capture different aspects of walkability. 

[insert Tables 5 and 6]

4.2 Comparing relative walkability of footpaths

This section further compares the changes in walkability for footpaths in each scenario

with reference to Scenario 1 (WS1). We first ranked all of the footpaths into ten equal

groups based on their walkability scores ranging from 1 (least walkable) to 10 (most

walkable) for each scenario. The walkability of footpaths in decile groups for Scenarios 2

to 5 (WS2 to WS5) were then compared with the reference scenario (WS1) respectively

by using a number of tables (similar to that presented in Figure 3). If the walkability

indices  of  footpaths  are  similar  between  the  reference  scenario  (WS1)  and  other
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scenarios (WS2 to WS5), most of the footpaths will be concentrated along the diagonal

line. Otherwise, more scattered patterns will be observed. In this way, we can examine

the changes in relative walkability of footpaths in different scenarios. 

[insert Figure 3]

The results of the changes in walkability (in decile groups) of WS2 to WS5 (compared

with  WS1)  are  summarised  in  Table  7  below.  The  changes  between  scenarios  were

classified into five groups: Major decrease (decrease by more than one decile group);

Minor decrease (decrease by one decile group); No change; Minor increase (increase by

one decile group); Major increase (increase by more than one decile group). As shown in

Table  7,  the  relative  walkability  of  footpaths  changed substantially  compared  to  the

reference scenario (WS1). For example, a large proportion of footpaths have increased in

relative walkability (19.3% minor increase and 28.1% major increase) in WS3, indicating

that many footpaths that are less walkable in WS1 became more walkable in WS3.  To

further disaggregate the changes in relative walkability by neighbourhoods and types of

footpath, we present two separate figures (Figure 4 and 5).

[insert Table 7]

[insert Figures 4 and 5]

The discussion below concentrates on showing how the relative walkability of footpaths

varies  in  different  scenarios  and  how  these  scenarios  can  be  applied  in  different

situations to understand walkability in a more relational way. In Scenario 3 (WS3) (top

right  corner  of  Figure  4),  about  40%  of  footpaths  in  the  two  low  accessibility

neighbourhoods (Xinsha and Huilongpu) become less walkable, while more than 50% of

footpaths  in  the  high accessibility  neighbourhoods (Xinzhou and  Shangjing)  become

more walkable. Such observation might be attributable to the more diversified land uses

in  neighbourhoods  with  higher  accessibility.  For  example,  retail  and  commercial

activities are more commonly found on footpaths within these two high accessibility

neighbourhoods,  so pedestrians  are more likely to  perceive these footpaths  as safer.

When the dimension of “safety” and “land use and destinations” are non-compensatory
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qualities  in  WS3,  higher  walkability  scores  are  observed  in  these  high  accessibility

neighbourhoods.  This  scenario  could  be  applied  to  pedestrians  who  are  especially

concerned about  the  ability  to  reach destinations within short  distances  and regard

safety as a critical factor that influences their walking intention and experience, such as

children and older adults  (Ferrer,  Ruiz,  & Mars,  2015).  If  information on walkability

were provided to these pedestrians, they might want to make use of this scenario to

identify  footpaths  and  routes  offer  safe  and  short-distance  walking  trips  without

disregarding other dimensions of walkability. 

In Scenario 4 (WS4) (bottom left corner of Figure 4), a larger proportion of footpaths in

the high accessibility neighbourhoods (IH and OH neighbourhood) have decreased in

walkability  (27%  (OH)  and  36%  (IH)).  This  reflects  that  many  footpaths  in  these

neighbourhoods are of relatively poor quality and that “footpath design and condition”

and  “amenities”  are  non-compensatory  qualities  in  WS4.  This  situation  is  especially

significant  in  Xinzhou  (IH)  because  of  the  presence  of  urban  villages  within  this

neighbourhood.  Many footpaths  within  the urban villages  are  characterised by poor

design and lack of maintenance because of their rapid and unregulated developments in

the past. This scenario (WS4) can help to identify neighbourhoods and footpaths that

require improvements in terms of footpath quality, such improvements can significantly

improve the pedestrian environment in these areas. More importantly, this scenario is

especially suitable for assessing walkability for pedestrians that have special concern

over the quality of footpath, such as pram users, people with disabilities or mobility

impairments  (Imrie,  2000).  In  practice,  this  scenario  (WS4)  can  also  be  applied  to

examine the pedestrian network in proximity to specific destinations, such as hospitals

and healthcare centres. The walking environment around these destinations requires

special attention to ensure pedestrians (e.g. patients) can walk without being affected by

obstructions on footpath.

For Scenario 5 (WS5) (bottom right of Figure 4), distinctive pattern can be observed in

Xinsha  (IL).  Here  only  13%  of  footpaths  decrease  in  walkability  compared  to  the

reference  scenario,  which  is  much  lower  than  for  the  other  three  neighbourhoods

(around 30%). At the same time, more than 30% of footpaths in this neighbourhood
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become more walkable.  This observation reveals that  footpaths in Xinsha performed

better in terms of aesthetics and sensory experience, although Xinsha was located in the

outer urban area of Shenzhen and have low local accessibility, many of its footpaths are

designed in a way that are more conducive for walking (with more aesthetic features

and  amenities).  Given  that  aesthetics  and  subjective  experience  were  positively

associated  with  walking  for  leisure  (Sugiyama  et  al.,  2012),  WS5 can  be  especially

relevant for pedestrians who pay special attention to sensory experiences of walking.

For  example,  the  results  for  this  scenario  could  be  used  to  provide  information for

leisure  or  recreational  pedestrians  to  identify  enjoyable  and  aesthetically  pleasing

footpaths, in this way, it is possible to increase pedestrians’ satisfaction level of these

trips. 

When attention is directed towards relative walkability according to footpath type, the

most noticeable observation is the increase in relative walkability for other passageways

in Scenario 3 (WS3) (top right corner of Figure 5). In this scenario, more than 44% of the

other passageways increased in walkability compared to the reference scenario.  This

shows that unlike traditional understandings that regard these other passageways as

unimportant in walkability assessment, these other passageways are really quite safe

and many destinations can be found along these paths. 

5 Discussion and Conclusion

In this study, we propose a new lens to see walkability as relational and emerging from

the interactions between pedestrians and their environment. Since a footpath that is

regarded as walkable to one individual may not perceived to be equally walkable by

others, it is important to consider the heterogeneity of pedestrians and their diverse

needs,  capacities and preferences  in walkability  assessment.  The proposed multiple-

scenario approach for walkability assessment advanced our current understanding and

evaluation of walkability in the following ways. 

Conceptually,  we question the traditional assumption applied in existing studies that

various aspects of walkability can compensate each other and applied the additive rule

in  calculating  the  walkability  index.  Although  some  existing  studies  have  started  to
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apply  different  weightings  to  account  for  the  varying perspectives  of  walkability  for

various pedestrian groups (Golan et al., 2019; Moura et al., 2017), nonetheless, it is still

largely assumed that all aspects of walkability are important to pedestrians but assigned

different levels of intensity to different pedestrian groups. But in reality, the assessment

of walkability for a given type of footpath or street segment by a single pedestrian can

differ significantly from one situation to the next and also differ from that by another

individual  with  a  similar  sociodemographic  background  in  a  broadly  comparable

situation.  Hence,  the  application  of  non-compensatory  decision  rules  in  walkability

assessment  as  proposed  in  this  study  moves  beyond  the  conventional  assumptions

implied.  In  this  study,  we  proposed  that  in  valuation  of  walkability,  domains  and

elements  in  walkability  assessment  may  not  always  compensate  each  other;  rather,

certain aspects in walkability are so important to certain people or in certain situations

that they act as hard constraints on valuation and therefore cannot be compensated by

other aspects. At the same time, certain aspects may be negotiable and it is possible that

lower scores are compensated by, and traded against, higher scores on other factors. In

practice, it is possible to develop walkability scenarios based on walkability domains

and  elements  that  are  regarded  as  important  to  pedestrians,  and  disregard  other

walkability domains and elements that are unimportant. 

This practice can be regarded as a starting point for future studies to consider using

other  decision  rules  for  walkability  assessment.  Some  of  these  decision  rules,  like

lexicographic  rules  (Tversky,  1969)  or  elimination-by-aspects  (EBA) (Tversky,  1972)

may provide new insights for researchers to consider pedestrians’  views in deciding

what  constitutes  a  walkable  environment  and  how  researchers  can  develop  new

methods  for  assessment. The  five  walkability  scenarios  proposed  and  tested  in  this

study  are  by  no  means  exhaustive,  but  serving  more  as  an  early  attempt  to  show

scholars,  policymakers and practitioners that it  is  possible to develop other possible

walkability scenarios that  match with their  specific  needs and requirements of local

context for future walkability assessment. 

Practically, following the ongoing trend of “smart city” development, walkability indices

of the kind proposed here can be made accessible to all residents, possibly in the form of
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mobile phone applications (Neirotti et al., 2014). For example, most of the existing trip-

planning applications only  consider  travel  time as  the  sole  criterion in  route  choice

decision-making;  the  walkability  of  footpaths  is  rarely  taken  into  consideration.  If

walkability indices are incorporated into these mobile applications, residents can make

informed decisions on route choice and selection of residential location based on their

own needs and preferences. Following this idea, it is even possible for future mobile

applications to enable residents to decide which sets of environmental features and/or

walkability  qualities  are  non-compensatory  for  their  walking  trips.  By  doing  so,

walkability  assessment  can  move  from  a  top-down  approach  in  which  the  local

authorities or private companies provide information of walkability to the residents, to

a bottom-up approach that allows residents to choose their own criteria and calculate

their  personalised walkability indices based on their  specific  needs and preferences.

This approach can help to facilitate people’s walkability as well as their well-being in the

long term by recognizing individual’s differentiated needs during different periods of

their life-courses (Li & Chan, 2020). 

The limitations of this study should be acknowledged. First, this study empirically tested

the proposed multiple-scenario walkability approach with the case of a single city –

Shenzhen, and focused in four selected neighbourhoods with different characteristics. In

fact,  it  will  be desirable for future studies to extend the scope of this study to more

diversified neighbourhoods in Shenzhen and other cities in China.  Collecting walking

behaviour data in both Shenzhen and other cities in future studies can help to further

verify the applicability of this approach and validate the walkability scenarios proposed

in this study (Moura et al., 2017). Next, in this study, we have included 6 domains and 71

measurement  items  in  the  proposed  environmental  audit  tool  for  walkability

assessment,  however,  this  list  of  measurement items is  by no means exhaustive and

universally  applicable  to  other  cities  and contexts,  therefore,  future  research can be

conducted to identify other important domains and measurement items in assessing

walkability and develop other meaningful walkability scenarios that can be applied to

other population groups and/or in different situations (Wang & Yang, 2019). 
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