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A B S T R A C T   

Walk Score® is a free web-based tool that provides a walkability score for any given location. A limited number 
of North American studies have found associations between Walk Score® and perceived built environment at
tributes, yet it remains unknown whether similar associations exist in Asian countries. The study’s objective is to 
examine the covariate-adjusted correlations between the Walk Score® metric and measures of the perceived built 
environment in ultrahigh density areas of Japan. Cross-sectional data were obtained from a randomly selected 
sample of adult residents living in two Japanese urban localities. There was a large correlation between Walk 
Score® and access to shops (0.58; p < 0.001). There were medium correlations between Walk Score® and 
population density (0.38; p < 0.001), access to public transport (0.34; p < 0.001), presence of sidewalks (0.41; p 
< 0.001), and access to recreational facilities (0.37; p < 0.001), and there was a small correlation between Walk 
Score® and presence of bike lanes (0.16; p < 0.001). There was a small negative correlation between Walk 
Score® and traffic safety (-0.13; p < 0.001). There was a medium correlation between Walk Score® and overall 
perceived walkability (0.48; p < 0.001). This study’s findings highlight that Walk Score® was correlated with 
several perceived walkable environment attributes in the context of ultrahigh density areas in Asia.   

1. Introduction 

Evidence suggests that the built environment influences levels of 
physical activity, which is important for public health. Physical inac
tivity is known as one of the leading risk factors for global mortality, 
causing approximately 9% of deaths globally (Lee et al., 2012). It has 
been established as an important modifiable risk factor for a range of 
chronic diseases, such as cardiovascular diseases, type 2 diabetes, and 
cancer (Al Tunaiji et al., 2014; Dietz et al., 2016; Wahid et al., 2016). 
Nevertheless, the prevalence of physical inactivity is high worldwide: 
data from 168 countries showed that approximately 27.5% of the 
world’s adult population was physically inactive in 2016 (Guthold et al., 

2018). Physical inactivity also represents a high economic cost for 
health organisations costing health-care systems at least 53.8 billion 
international dollars worldwide in 2013 (Ding et al., 2016; Pratt et al., 
2014). Therefore, developing strategies to improve physical activity is 
closely matched with several sustainable development goals (SDGs) 
(Nugent et al., 2018; United Nations, 2015). 

Socioecological models in health behaviours have highlighted the 
built environment’s role in promoting physical activity (Sallis and 
Owen, 2015). The built environment refers to "the part of the physical 
environment that is constructed by human activity", such as houses, 
shops, workplaces, and public open spaces (Saelens and Handy, 2008). 
Mounting evidence suggests links between several built environment 
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attributes and people’s physical activity (Durand et al., 2011; 
Kärmeniemi et al., 2018; McCormack and Shiell, 2011). For example, a 
systematic review of 33 studies found that higher population density, 
well-connected streets, and various destinations nearby were supportive 
of physical activity (McCormack and Shiell, 2011). Another systematic 
review found that better access to destinations and infrastructure for 
active travel was associated with higher total and transport-related 
physical activity (Kärmeniemi et al., 2018). 

Measuring built environment attributes is a crucial step in con
ceptualising the built environment in relation to physical activity 
(Brownson et al., 2009). Two types of measures, perceived and objec
tive, have been commonly used in studies examining the built envi
ronment and physical activity (Lin and Moudon, 2010). Perceived 
measures of the built environment are obtained by asking residents 
about their surrounding built environment attributes conducive to 
physical activity. Several questionnaires, such as the Neighbourhood 
Environment Walkability Scale (Saelens et al., 2003), the St. Louis in
strument (Brownson et al., 2001), the Environmental Supports for 
Physical Activity Questionnaire (Group, 2007), and the Physical Activity 
Neighbourhood Environment Scale (Sallis et al., 2010) have been used 
to capture residents’ perceptions of the built environment. Objective 
measures of built environment attributes are collected by audit tools or 
geographic information systems (GIS). Nevertheless, both perceived and 
objective measures of the built environment have limitations. While 
perceived measures of the built environment are relatively easy to 
collect, these measures are subject to reporting bias (Brownson et al., 
2009; Weiss et al., 2010), which may require translation and validation 
within specific populations, and a low response rate is a challenge for 
both interview and self-administered questionnaires (Brownson et al., 
2009; Lee et al., 2011). Objective measures of the built environment 
require detailed spatial data, which are often not readily available or are 
costly to collect (Adams et al., 2014; Salvo et al., 2014; Wilson et al., 
2012). For example, GIS measures of the built environment, such as land 
use mix, net residential density, and retail area, are highly dependent on 
access to fine-grained geographical data, which makes sourcing them 
difficult even in high-income countries (Kerr et al., 2013). These issues 
underscore the necessity of comparing objective and perceived measures 
of the built environment, characterising the activity-friendly built 
environment in different contexts. 

A growing body of research has investigated the association between 
Walk Score® and physical activity (Chudyk et al., 2017; Cole et al., 
2015; Koohsari et al., 2019, 2018b; Towne et al., 2016; Twardzik et al., 
2019). For instance, a Canadian study found that Walk Score® was 
associated with a greater probability of older adults walking for trans
port (Chudyk et al., 2017). Another study conducted in Japan found that 
a higher Walk Score® was associated with walking for commuting and 
walking for errands (Koohsari et al., 2018b). Walk Score® has also been 
examined in relation to other health biomarkers that are associated with 
physical activity, such as body mass index, blood lipid levels, and blood 
pressure (Braun et al., 2016; Chiu et al., 2016; McCormack et al., 2018; 
Méline et al., 2017). 

Despite being publicly available, Walk Score® is a commercial 
product, and its detailed algorithm is not accessible to the public. 
Additionally, Walk Score® uses data sources obtained from Google, 
Factual, Great Schools, Open Street Map, and other open-source data 
(Walk Score, 2020). Different rules and methods were likely used to 
construct these base maps in each area. For instance, different raster- 
based and vector-based methods can be used in generating street 
maps. Defining and geocoding commercial destination points are also 
not the same across the areas. This causes a comparability issue for the 
Walk Score® output derived from these maps, especially for regions 
outside of North America (Koohsari et al., 2018a). Thus, it is necessary 
to examine whether Walk Score® is correlated with other built envi
ronment attributes supportive of walking in different contexts. 

Several studies have examined the concurrent validity of Walk 
Score® for estimating objective built environment measures in the U.S. 

(Carr et al., 2010; Duncan et al., 2013, 2011), Canada (Nykiforuk et al., 
2016), and more recently in Japan (Koohsari et al., 2018a). For instance, 
a study conducted in the U.S. found that Walk Score® was positively 
associated with several objective neighbourhood walkability measures 
calculated within an 800-metre buffer around residential addresses 
(Duncan et al., 2013). Another study conducted in Japan found signif
icant positive correlations between Walk Score® and objective built 
environment attributes relevant to walking (Koohsari et al., 2018a). A 
limited number of studies have also found significant correlations be
tween Walk Score® and perceived built environment attributes 
(Bereitschaft, 2018; Carr et al., 2010; Consoli et al., 2020; Frehlich et al., 
2020; Lo et al., 2019; Silveira and Motl, 2020; Tuckel and Milczarski, 
2015). All these studies were conducted in the U.S. and Canada; no 
study, to the best of our knowledge, has examined the correlations be
tween Walk Score® and perceived built environment attributes in re
gions or countries outside of North America. Walk Score® does have 
similarity across regions, but perceptions of built environment attributes 
are likely to differ to a greater extent across populations. The perceived 
built environment is a slightly different construct from the objective 
built environment. While perceptions of one’s surrounding neighbour
hood are determined mainly by the objective built environment, they 
are also influenced by people’s awareness of their environment, atti
tudes, beliefs, etc. This means that perceptions of the built environment 
can be modified by more than making physical changes to the envi
ronment by improving awareness of existing facilities and changing 
attitudes. Examining correlations between perceived and objective 
measures of the built environment is important from this perspective, as 
this can inform the types of changes that should be made to perceptions 
that may ultimately result in more physical activity within the built 
environment and better health. 

Therefore, this study examined the relationships between Walk 
Score® and perceived walkable environmental attributes in ultrahigh 
density areas in Japan. 

2. Methods 

2.1. Data source and participants 

Cross-sectional data were collected from an epidemiological study to 
identify social and urban design correlations of sedentary behaviour and 
physical activity among middle-aged adults in Japan. The study design 
and recruitment procedure details have been described elsewhere (Ishii 
et al., 2018; Koohsari et al., 2020). Briefly, data were obtained between 
July and December 2013 and April 2014 to February 2015 from a 
randomly selected sample of residents living in two Japanese urban 
localities, Koto Ward and Matsuyama City. An invitation letter was sent 
to 6,000 adult residents (aged 40–64 years), randomly selected from the 
government registry of residential addresses (balanced by gender and 
age group). A total of 866 individuals agreed to participate in the study 
(response letter = 14.4%), of which 779 completed a self-administrative 
questionnaire. A book voucher (¥1000 equivalent to approximately USD 
10) was offered to these participants. The Institutional Ethics Committee 
of Waseda University approved this study (2010–238). 

2.2. Measures 

2.2.1. Walk Score® 
Walk Score® is a free, openly available web-based tool that provides 

an objective walkability score for any given location. Walk Score® uses a 
decay function to assign a raw score to each location based on its 
network distance to nearby amenities such as stores, cafes, bookshops, 
parks, and restaurants within a mile from that location (Walk Score, 
2020). Population density and road metrics such as block length and 
intersection density were taken into account to calculate the final scores 
ranging from 0 to 100. Higher scores indicate areas that are conducive 
and supportive of walking. Each participant’s residential address was 
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entered into the Walk Score® publicly available interface (www.walk
score.com) by two independent project members in 2016. Disagree
ments between the two researchers were checked and rectified by the 
first author. Continuous Walk Score® values were examined in this 
study. 

2.2.2. Perceived walkable environment attributes 
The perceived walkable built attributes were evaluated using the 

Japanese version of the International Physical Activity Questionnaire 
Environmental Module (IPAQ-E) with a 4-point Likert scale (strongly 
agree, somewhat agree, somewhat disagree and strongly disagree). The 
IPAQ-E has demonstrated good test–retest reliability in Japanese adults 
(Inoue et al., 2009). Nine items of the IPAQ-E were included (Inoue 
et al., 2009): (1) population density (‘What is the main type of housing in 
your neighbourhood?’ For this question, the five answers were detached 
single-family housing; apartments with 2–3 storeys; a mix of single- 
family housing and apartments with 2–3 storeys; condos with 4–12 
storeys; and condos with > 13 storeys); (2) access to shops (‘Many shops, 
stores, markets or other places to buy things I need are within easy 
walking distance of my home’); (3) access to public transport (‘It is 
within a 10–15 min walk to a transit stop from my home); (4) presence of 
sidewalks (‘There are sidewalks on most of the streets in my neigh
bourhood’); (5) presence of bike lanes (‘There are facilities to bicycle in 
or near my neighbourhood, such as special lanes, separate paths or trails, 
shared use paths for cycles and pedestrians’); (6) access to recreational 
facilities (‘My neighbourhood has several free or low-cost recreation 
facilities, such as parks, walking trails, bike paths, recreation centres, 
playgrounds, public swimming pools, etc.’); (7) aesthetics (‘There are 
many interesting things to look at while walking in my neighbourhood’; 
(8) traffic safety (‘There is so much traffic on the streets that it makes it 
difficult or unpleasant to walk in my neighbourhood’; (9) safety from 
crime (‘The crime rate in my neighbourhood makes it unsafe to go on 
walks at night’). Two negative items, including traffic safety and safety 
from crime, were reverse coded, with higher scores representing a safer 
environment. In line with several previous studies (Arvidsson et al., 
2012; Orstad et al., 2018), perceived overall walkability was measured 
by summing the nine perceived built environment attributes, resulting 
in a possible range from 11 to 37 (Cronbach’s alpha = 0.70). 

2.2.3. Covariates 
Participants reported several sociodemographic factors including 

age, gender (female or male), working status (employed or unem
ployed), highest education (tertiary or below tertiary), marital status 
(single or couple), living status (alone or with others), and gross annual 
household income (<¥5,000,000 or ≥ ¥5,000,000). 

2.3. Statistical analysis 

Descriptive statistics of participants’ sociodemographic and 
perceived walkable environmental attributes were reported. Partial 
correlation coefficients were used to estimate the correlations between 
Walk Score® and perceived walkable environmental attributes 
including overall walkability, adjusted for covariates. The magnitude of 
the observed significant correlation coefficients was interpreted using 
Cohen’s guidelines for small (r > 0.10), medium (r > 0.30), and large (r 
> 0.50) (Cohen, 2013). Analyses were conducted using Stata 15.0 (Stata 
Corp, College Station, Texas), and the level of significance was set at p <
0.05. 

3. Results 

After excluding missing data on Walk Score® and perceived walk
able environmental attributes, data from 756 participants (97%) were 
analysed. Participants’ sociodemographic characteristics are presented 
in Table 1. The mean age of the participants was 52.2 ± 7.0 years and 
approximately 60% were female. The majority of participants were 

employed (82%), had a high tertiary educational attainment (64%), 
were couples (79%), lived with others (89%), and had an annual gross 
household income lower than ¥5,000,000 per year (53%). 

Mean scores for perceived walkable environmental attributes are 
shown in Table 2. The mean Walk Score® was 73.0 (SD = 25.0), ranging 
from 0 to 100. Adjusted for covariates, positive correlations were 
observed between Walk Score® and several perceived walkable envi
ronmental attributes. There was a large correlation between Walk 
Score® and access to shops (0.58; p < 0.001). There were medium 
correlations between Walk Score® and population density (0.38; p <
0.001), access to public transport (0.34; p < 0.001), presence of side
walks (0.41; p < 0.001), and access to recreational facilities (0.37; p <
0.001), and there was a small correlation between Walk Score® and the 

Table 1 
Characteristics of study participants (N = 756).  

Variable Mean (SD) or N (%) 

Age (years) 52.2 (7.0) 
Gender  
Female 455 (60.2) 
Male 301 (39.8) 
Working status  
Employed 620 (82.0) 
Unemployed 131 (17.3) 
Missing 5 (0.7) 
Highest education  
Tertiary 483 (63.9) 
Below tertiary 269 (35.6) 
Missing 4 (0.5) 
Marital status  
Single 155 (20.5) 
Couple 596 (78.8) 
Missing 5 (0.7) 
Living status  
Alone 85 (11.2) 
With others 671 (88.8) 
Gross annual household income  
<¥5,000,000 402 (53.2) 
≥ ¥5,000,000 337 (44.6) 
Missing 17 (2.2)  

Table 2 
Partial correlation coefficients between Walk Score® and perceived walkable 
environmental attributes (N = 756).  

Variable M ± SD Unadjusted 
r 

P Adjusted r 
a 

P 

Population density 2.60 ±
1.65  

0.44 <

0.001  
0.38 <

0.001 
Access to shops 3.02 ±

1.02  
0.58 <

0.001  
0.58 <

0.001 
Access to public 

transport 
3.62 ±
0.78  

0.37 <

0.001  
0.34 <

0.001 
Presence of 

sidewalks 
3.17 ±
0.97  

0.44 <

0.001  
0.41 <

0.001 
Presence of bike 

lanes 
2.04 ±
1.08  

0.18 <

0.001  
0.16 <

0.001 
Access to 

recreational 
facilities 

2.84 ±
1.04  

0.39 <

0.001  
0.37 <

0.001 

Aesthetics 2.70 ±
0.85  

− 0.02 0.61  − 0.06 0.08 

Traffic safety 3.11 ±
0.81  

− 0.10 <

0.05  
− 0.13 <

0.001 
Safety from crime 3.20 ±

0.76  
0.06 0.08  0.06 0.13 

Overall perceived 
walkability 

26.30 ±
5.00  

0.52 <

0.001  
0.48 <

0.001 

The maximum value for perceived population density and for other perceived 
built environment attributes was 5 and 4, accordingly. The maximum value for 
overall perceived walkability was 37. 

a Adjusted for age, gender, working status, highest education, marital status, 
living status, and gross annual household income. 
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presence of bike lanes (0.16; p < 0.001). There was a small negative 
correlation between Walk Score® and traffic safety (-0.13; p < 0.001). 
No significant correlations were found between Walk Score® and aes
thetics or between Walk Score® and safety from crime. There was a 
medium correlation between Walk Score® and overall perceived walk
ability (0.48; p < 0.001). 

4. Discussion 

In this study, as the first study conducted in Asia, we aimed to 
examine the correlations between Walk Score® and perceived walkable 
environment. We found that Walk Score® was significantly positively 
correlated with several perceived walkable environmental attributes, 
including population density, access to shops, public transport, recrea
tional facilities, and the presence of sidewalks and bike lanes. Notably, a 
large and a medium correlation was observed between Walk Score® and 
perceived access to shops and between Walk Score® and overall 
perceived walkability, respectively. Commercial destinations tend to 
exist in areas with high population densities (i.e., cost-benefit). There
fore, a positive correlation between Walk Score® and perceived popu
lation density was expected. These findings are consistent with previous 
studies conducted in the U.S. reporting small to large associations be
tween Walk Score® and perceived built environment (Carr et al., 2010; 
Lo et al., 2019; Silveira and Motl, 2020). For example, Silveira and Motl 
(2020) found significant positive correlations between several perceived 
built environment measures such as street connectivity, land use mix 
and residential density (measured using the NEWS-A questionnaire), 
and Walk Score®. Lo et al. (2019) also found that a higher Walk Score® 
was significantly correlated with perceived proximity to destinations 
and having street shoulders. Our results add to these findings and extend 
them into the Japanese context as an example of Asian ultrahigh density 
areas. 

Several previous studies found that Walk Score® was significantly 
correlated with objective measures of the built environment in relation 
to walking (Carr et al., 2011; Koohsari et al., 2018a). However, the 
magnitudes of the correlation coefficients were mostly larger than those 
of the perceived built environment measures. People’s perceptions of 
built environment attributes do not always match objective environ
mental measures, and they do have a distinct influence on people’s 
engagement in active behaviours (Gebel et al., 2009, 2011; Koohsari 
et al., 2015). Therefore, it is suggested that strategies to promote 
physical activity should target both the objective environment and 
people’s perceptions of the environment (Koohsari et al., 2015). Our 
findings together with the results from the studies examining Walk 
Score® and objective built environment measures suggest that Walk 
Score® can be useful as an evaluative intervention tool, as it can 
represent (to some degree) both objective and perceived measures of the 
built environment related to walking. 

We also identified that Walk Score® was related to the presence of 
bike lanes. It is likely that a walkable area with high density and a va
riety of destinations nearby attract cyclists and benefit from bike 
infrastructure. However, built environment features conducive to 
walking are not necessarily the same as those beneficial for biking 
(Forsyth and Krizek, 2011). Further research is needed to explore 
whether Walk Score® is correlated with other built environment fea
tures beneficial for biking. No significant correlations were observed 
between Walk Score® and aesthetics and safety from crime. This does 
not necessarily mean that aesthetics and safety from crime have limited 
importance for walking behaviour. While the influence of these factors 
on walking has only received limited interest, some have pointed to their 
significance (Mehta, 2008). Aesthetics and safety from crime are micro- 
scale urban design qualities that Walk Score® does not attempt to 
measure. Future studies can match a street segment with excellent 
micro-scale urban design qualities and another with poor qualities for a 
survey of residents’ perceptions in the surrounding area. 

A small negative correlation was observed between Walk Score® and 

traffic safety. This is consistent with a previous study, which found a 
small positive correlation between Walk Score® and perceived traffic 
hazards (Silveira and Motl, 2020). Since Walk Score® algorithm does 
not include any traffic-related items (at this stage), it is unknown 
whether the observed correlation between Walk Score® and traffic 
safety is spurious or whether there is a plausible link. While highly 
walkable areas characterised by various destinations and well- 
connected streets are attractive for pedestrians, such areas may also 
inevitably draw motor vehicles. A study conducted in the U.S. found that 
higher street connectivity was associated with more accidents between 
cars and people and among cars (Marshall and Garrick, 2011). Another 
study conducted in Canada found that residents in walkable neigh
bourhoods, those with good street connectivity and destinations, had 
significantly lower perceived traffic safety (Jack and McCormack, 
2014). Thus, traffic safety may be a concern for residents in areas with 
higher Walk Score® values, where large numbers of pedestrians and cars 
interact. 

This study has some limitations. The majority of the participants in 
our sample were involved in a couple’s relationship and lived with 
others and we had a low response rate. These may limit the general
isability of our findings. There was a temporal mismatch between our 
perceived built environment measures (based on the survey in 
2013–2015) and Walk Score® (extracted in 2016). However, changes in 
the built environment (macrolevel) are relatively stable in the short term 
(Clary et al., 2020; Hirsch et al., 2014). Additionally, Walk Score® 
company did not release the detailed procedure on how they account for 
road metrics in their final Walk Score®. Other factors, such as physical 
activity behaviour and exposure to or interaction with their neigh
bourhood built environment, which may influence perceptions, were 
not considered in this study. 

5. Conclusions 

Walk Score® is a freely-available objective tool that provides an 
objective neighbourhood walkability score with no need for any spatial 
data or GIS expertise. This study’s findings highlight that Walk Score® 
was correlated with several perceived walkable environment attributes 
in the context of ultrahigh density areas in Asia. Further research is 
needed to confirm these findings in other countries and areas. 
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