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Abstract

Objective: The purpose of this study is to delineate the association between residents’ perception
of the neighborhood’s environments and walking time in objectively different regions in Japan.
Methods: Two regions were selected as high and low walkable regions on the basis of differences in

their residential density, mixed land use and street connectivity. The subjects in this study were
participants in a health promotion program focused on walking sponsored by local governments. A
questionnaire was sent to the participants asking about how their perception of the neighborhood’s
environment related to walking, and the time spent walking per week. There were 237 residents from
the high walkable region and 195 from the low walkable region who completed the study survey.

Results: The high walkable region had a larger residential density, a high mixed land use and a
higher street connectivity than the low walkable region. Walking time, and the scores of the perception
of the neighborhood’s environment for the high walkable region residents were significantly higher
than those for the low walkable region residents. Thus, residents’ perception of the neighborhood’s
environment generally reflected the actual physical environmental characteristics. Residents in the
high walkable region whose scores for accessibility and aesthetics were high, spent significantly more
walking time. Residents in the low walkable region whose scores for accessibility, safety, convenience
and aesthetics were high, spent significantly more walking time.

Conclusion: The study results suggested that the neighborhood’s environment may influence daily
walking time. The perceptions of the neighborhood’s environmental factors that correlate with walking
times differ between the different regional physical environments. Therefore, to promote physical
activity, the consideration of environmental factors unique to residents’ neighborhood’s environments
is needed.

Key words: physical environment, perception of neighborhood environment, physical activity, walking,
health promotion

Introduction

A low physical activity level is a well-documented risk
factor for chronic diseases including coronary heart disease,
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stroke, cancer, diabetes, and depression (1). Current public
health recommendations emphasize the benefits of performing
30 minutes of daily physical activity of at least moderate
intensity (1). Nevertheless, the majority of middle-aged people
do not meet the recommendations for specific national targets
in developed countries (1-5).

The most common activity of moderate intensity is
walking (2), which can be performed at any age and at any time.
To date, many studies have examined how psychological and
social variables are associated with physical activity, but little is
known about the correlation between neighborhood’s physical
environmental factors and physical activity level (6, 7). High



Environ. Health Prev. Med.

walkable neighborhood’s environmental characteristics sug-
gest a high residential density and mixed land use (e.g., close
proximity of houses, shops, work, and other nonresidential
land uses) (8, 9), and neighborhood street connectivity (10)
positively correlates with walking time among residents (8, 9).
The presence and characteristics of walking trails are associated
with increased physical activity (11, 12). Walking as a means
of commuting or shopping is the primary source of overall
differences in walking time between high and low walkable
neighborhoods, because walking time for exercise did not
differ between these different types of neighborhood (13).

Among developed countries, Japan has a relatively high
residential density, mixed land use and high street connectivity.
However, the effect of the neighborhood’s physcial environ-
ment on walking time has not yet been made clear. Further-
more, the association between the perception of the neighbor-
hood’s environment and walking time has not been clear either.

This study was based on earlier studies that showed
comparisons between different regions with large variations in
neighborhood’s physical environments that correlate to the
factors affecting the walking behavior of residents, such as
residential density, mixed land use and street connectivity
(14-16). In this study, we proposed exploring the association
between residents’ perception of their neighborhood’s environ-
ment and daily walking time. Also, the correlation between the
neighborhood’s environments that are high walkable region
(relatively high residential density, mixed land use, and street
connectivity) or low walkable region (relatively low residential
density, mixed land use and street connectivity) and walking
time was also examined.

Methods

Sampling of study regions and study subjects

Two regions where the authors had coordinated health
promotion programs focusing on walking for the residents
every year in collaboration with local governments were
selected. One was a ward from Metropolitan Tokyo, which was
considered a relatively high walkable region and the other was
a city from the rural northeastern region of Japan, which was
considered a relatively low walkable region.

The health promotion programs of the two regions were
the same. Participants were recruited by the ward or city
newsletters, the duration of the program was 12 weeks, and
lectures were provided once a week, which included informa-
tion on proper walking posture, how to use a pedometer, and
how to record walking steps and walking time.

In the past 5 years, the health promotion programs have
had 495 participants in the high walkable region and 277
participants in the low walkable region. These 772 participants
were considered eligible for this study and a questionnaire was
sent to all of them in January 2004.

This study was conducted in accordance with the ethical
principles stated in the Declaration of Helsinki (by the World
Medical Association). The autonomy of the participants was
fully respected and written information including the purpose of
the study, use and application of the study, assurance of their
right to refuse, and the security of personal information was
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provided to each participant. All participants signed a consent
form to participate in this study. This study was approved by the
Ethics Division of the Health Promotion Committee of each
municipality.

Survey method and questionnaire items

A self-administered questionnaire was mailed to the
subjects of the study along with a notice of the purpose of the
study, a letter of request for cooperation and a self-addressed
envelope.

The questionnaire included items for the following: sex,
age, current job including part time jobs, daily neighborhood
walking time (minutes per week) and exercise habits besides
walking (duration and frequency per week). The question “How
many minutes per week do you usually walk in your neighbor-
hood?” was used to determine walking time. In this study,
we focused on the time spent walking in the neighborhood.
However, the neighborhood was not clearly defined in the
questionnaire and the range of the residents’ neighborhoods
depended on their perception. Thus, the questionnaire included
four questions about the time spent walking in the neighbor-
hood to distinguish the purpose of the walking. The four
questions concerned the walking time for exercise; walking
time for commuting or shopping; walking time for purposes
other than exercise, commuting or shopping; and the total
walking time in the neighborhood. Thus the total walking time
(walking time for exercise, commuting or shopping and others)
was used as the neighborhood walking time in this study.

Questions regarding how the perception of neighborhood’s
environment correlated to walking time, which included catego-
ries on accessibility, safety, convenience, aesthetics (which
included the friendliness of the neighborhood) and weather,
were also asked. The responses regarding the perception of
neighborhood characteristics were selected from a 6-point
Likert scale: 0 to 5. Only the descriptions “I strongly disagree”
for the number 0 and “I strongly agree” for the number 5 were
added to the questionnaire. The higher the score, the more
positive the perception of the neighborhood was. The questions
in this study were developed for Japanese neighborhood
environmental characteristics by modifying questions from
earlier studies (17, 18).

Statistical analysis

The score of the 6-point Likert scale from 0 to 5 was
used for an analysis of the perception of the neighborhood’s
environment. The student’s t test or Chi-square test was used
to compare the subjects’ characteristics between the two
regions. Analysis of covariance was used to compare mean
walking time and the mean scores of the perception of the
neighborhood’s environment after adjustment for age, sex and
the presence or absence of habitual exercise. Habitual exercise
was defined as exercise of moderate intensity for more than 30
minutes at one time with a frequency of more than twice a
week.

The distribution of the scores of perception of the neigh-
borhood’s environment was not even owing to a larger number
of people scoring on the higher end of the scale. Therefore,
scores of 0 to 3 were classified as lower in perception whereas
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scores of 4 and 5 were classified as higher in perception. The
association between the perception of a resident’s neighbor-
hood’s environment within either the low or high walkable
region and walking time was analyzed by analysis of covari-
ance after adjustment for age, sex and the presence or absence
of habitual exercise.

Statistical analysis was conducted using the SAS statistical
package (release 9.1) Windows version. All analyses were
two-tailed and a p-value<0.05 was considered statistically
significant.

Results

Comparison of physical environmental characteristics between
high and low walkable regions

Table 1 shows physical environmental characteristics of
the two regions. The area (km?) of the low walkable region was
6-fold larger than that of the high walkable region, although the
population and number of households in the low walkable
region were one fourth and one fifth those in the high walkable
region, respectively. Thus, population density and residential
density were more or less 20-fold and 30-fold larger in the high
walkable region, respectively. The number of worksites was
more than 3-fold larger in the high walkable region than in the
low walkable region. The total length of roads were longer in
the low walkable region than in the high walkable region;
however, the length of roads per square kilometer was much
larger in the high walkable region. The high walkable region
was more industrialized overall than the low walkable region.
The number of sports facilities was much larger in the high
walkable region.

Comparisons of subjects’ characteristics and walking times
between high and low walkable regions

A study survey using a questionnaire was conducted
among 495 subjects who participated in the past 5 years’ health
promotion program in the high walkable region and 277
subjects in the low walkable region. Among these 772 subjects,
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454 (58.8%) responded to the survey. Because of the lack of
information on sex, age, or the answers to some of the
questions, 22 subjects were excluded. Thus, there were 237
subjects (47.8%) from the high walkable region and 195
(70.3%) from the low walkable region who completed this
study survey.

Table 2 shows subjects’ characteristics and walking times.
The mean age and percentage of males were significantly higher

Table 1 Comparisons of physical environmental characteristics
between high and low walkable regions

. High Low

Region walkible walkable Sources

Area (km?) 39.5 233.9  HP'

Population (n) 398,438 98,724 Census?
Population density 9549.4 430.2 Census?

Households (n) 161,963 32,726 Census?
Residential density 4100.3 139.9

Worksites (n) 22,227 6,478 Minryoku?
Employees (n) 277,097 52,411 Minryoku?

Railroads (n) 10 1 HP!
Stations (n) 25 5 HP!

Length of roads (m) 371,398 803,248  Census*
Length of roads per/km? 9402.5 3434.2

Automobile ownership (n) 74,966 46,547 HP!
Number of cars per km? 1897.9 199.0

Traffic accidents (n) 2,508 3,880 HP!

Parks (n) 175 57 Census*
Total area of parks (ha) 37.8 55.9 Census*
Number of parks per km? 4.43 0.24

Rivers (n) 19 15 Census*

Public sports facilities (n) 11 10 HP!

Private sports facilities (n) 9 1 HP?

Annual mean temperature (°C) 16.5 13.3 AMeDAS®

Annual rainfall (mm) 1,581 2,264 AMeDAS?®

! Home page of each autonomy, 2004. > Census of Japan, 2000.

3 Asahi Shimbun, Fujitsu Learning Media Limited, Tokyo, 2002.

4 Census of autonomy, 2003. * Home page of Fitness Online, 2004.
¢ Japan Meteorological Agency, 2004.

Table 2 Comparisons of subjects’ characteristics and walking times between high and low walkable regions

High walkable region

Low walkable region

Subjects (n) 237 195

Age (years) 62.617.6 60.419.5 *l

Male (%) 56 (23.6) 30 (15.4) *2

Currently employed (%)* 105 (44.3) 75 (38.5) ns?

Habitual exercisers (%)’ 67 (28.2) 71 (36.4) ns?

Total walking time (min/week)® 274.44265.4 173.14214.5 *x13
Walking time for exercise 82.7197.5 59.6+87.1 ns
Walking time for commuting or shopping 128.4+250.7 79.5%£160.6 ns
Walking time for other purposes’ 59.3191.6 36.0£67.4 ns

Data are meantSD.
! Student’s t test; *: p<0.05, **p<0.01.
2 Chi-square test; *: p<0.05, ns: not significant.

3 Analysis of covariance after adjustment for age, sex and habitual exercise: ** p<0.01.

4 Persons who are currently employed including part time jobs.

3 Persons who are engaged in regular exercise for more than 30 minutes at one time, and more than two times a week.

° Time spent walking in their neighborhood during a week.

7 Time spent walking for purposes other than exercise, commuting or shopping.
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in the high walkable region than in the low walkable region.
The percentages of subjects who have jobs including part time
jobs were not significantly different between the two regions.
The percentages of subjects who exercise regularly showed no
statistically significant difference between the two regions.

In addition, comparisons of the subjects who have jobs
or who exercise regularly were conducted separately by sex
between the two regions. The percentages of subjects who have
jobs were not different between the two regions among males
(x*=1.93, p=0.16) or females (x’=1.54, p=0.21). However, in
females, the percentage of subjects who exercise regularly was
significantly higher (%*=5.09, p=0.02) in the low walkable
region than in the high walkable region. However, significant
differences were not observed between the two regions among
males (x*=0.00, p=1.00).

The total walking time in the neighborhood was signifi-
cantly higher in the high walkable region than in the low
walkable region. Further, there were significant differences
after the adjustment for age, sex and habitual exercise by
analysis of covariance. However, the walking times for exer-
cise, commuting or shopping, and other purposes were not
significantly different between the two regions.

Comparison of scores for perception of the neighborhood's
environment between two regions

Table 3 shows the mean scores of the perception of the
neighborhood’s environment for the two regions after adjusting
for age, sex and habitual exercise by analysis of covariance.
The scores for all 7 factors in the accessibility category were
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significantly higher in the high walkable region than in the low
walkable region. In the safety category, the score for “Vehicular
traffic does not hinder taking a walk” was significantly higher
in the low walkable region, whereas that for “The sidewalk is
well-lit even at night” was significantly higher in the high
walkable region. For other factors, there were no significant
differences between the two regions. In the convenience
category, the score for “The sidewalks are wide enough to
walk on” was significantly higher in the low walkable region,
whereas that for “The walking map of the neighborhood is
useful” was significantly higher in the high walkable region.
Other factors did not show any regional differences. In the
aesthetics category, the score for “The sidewalks are clean
and without any trash” was only significantly high in the low
walkable region, and other factors did not show any regional
differences. In the weather category, the score for “Bad weather
does not hinder taking a walk” was higher in the high walkable
region than in the low walkable region.

Correlations between perception of the neighborhood’s
environments and walking time

Table 4 shows a comparison of the mean walking time
between the two groups; the group that has a higher score of
perception of their neighborhood’s environment and the group
that has a lower score of perception of their neighborhood’s
environment in both regions. Analysis of covariance was used
to compare the mean walking time by adjusting for sex, age
and habitual exercise. Those who had high scores for “There
are sidewalks suitable for walking in the neighborhood” (ac-

Table 3 Comparisons of scores of residents’ perception of the neighborhood’s environment between high and low walkable regions

Categories

High walkable region

Low walkable region

Accessibility (Cronbach’s a=0.76)
There are sidewalks suitable for walking in the neighborhood
There is a park nearby that is suitable for taking a walk in
There is a river (or a beach) within walking distance
There is a train station (or bus stop) within walking distance
There are shops for daily necessities within walking distance
There are several ways to get to one place
There are walking trails in the neighborhood
Safety (Cronbach’s a=0.68)
It is easy to cross streets
Vehicular traffic does not hinder taking a walk
The sidewalk is well-lit even at night
It is safe from crime
Convenience (Cronbach’s a=0.74)
The sidewalks have few inclines and are easy to walk on
The sidewalks are well-maintained
The sidewalks are wide enough to walk on
The walking map of the neighborhood is useful
Aesthetics (Cronbach’s a=0.66)
There are many scenic places nearby
The sidewalks are clean and without any trash
The neighborhood is conducive toward taking a walk
Residents in the neighborhood are friendly
Weather
Bad weather does not hinder taking a walk

4.04+1.38 3.36%1.60 wox
4.07+1.32 2.89+1.84 ok
3.94+1.50 2.53%£1.97 *
4.69+0.74 3.39£1.78 o
4.41x1.06 3.58%1.65 ok
3.92+1.07 3.53£1.33 wox
3.28+1.63 2.21£1.85 oK
3.33+1.41 3.06+1.54

2.49+1.48 3.08%1.55 o
2.97+1.32 2.11£1.42 *x
2.72+1.28 2.74+1.36

4.00+1.20 3.74+1.45

3.80%1.17 3.56%1.37

2.54x1.50 3.04£1.50 o
3.58+1.29 2.45%1.64 o
3.39+1.34 3.42+1.51

2.77+1.33 3.02+1.36 *
3.02+1.40 2.96+1.34

3.16+0.94 3.28+1.22

2.55%1.57 2.02+1.53 K

Data are meantSD. Analysis of covariance after adjustment for sex, age and habitual exercise: * p<0.05, ** p<0.01.
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cessibility category), and “Residents in the neighborhood are
friendly” (aesthetics category) spent significantly more walking
time in both regions. The factor, “Bad weather does not hinder
taking a walk” (weather category), did not show any significant
difference between the two groups in both regions.

In the high walkable region, those who had high scores for
“There is a park nearby that is suitable for taking a walk in”,
“There is a river (or a beach) within walking distance” (accessi-
bility category), and “The neighborhood is conducive toward
taking a walk” (aesthetics category) spent significantly more
walking time. In the low walkable region, those who had high
scores for “There are several ways to get to one place” (accessi-
bility category), “It is easy to cross streets” (safety category),
“The sidewalks have few inclines and are easy to walk on” and
“The sidewalks are wide enough to walk on” (convenience
category) spent significantly more walking time. For the other
factors, there were no significant differences between the higher
and the lower scores of perception of the neighborhood’s
environment in both regions.

Discussion

This study design is based on those of earlier studies in
which it was hypothesized that daily walking time would differ
between high and low walkable regions in Japan that have
different physical environmental characteristics particularly
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regarding residential density, mixed land use and street
connectivity. The purpose of this study is to examine this
hypothesis and to also clarify the association between the
residents’ perception of the neighborhood’s environment and
walking time.

To obtain a more accurate data on walking time in the
neighborhood, the questionnaire consisted of four questions
about the time spent walking to classify the purpose of the
walking; walking time for exercise; walking time for com-
muting or shopping; walking time for other than exercise,
commuting or shopping; and the total walking time in the
neighborhood. The total walking time was used as the neigh-
borhood walking time in this study. All the study participants
had previously participated in a walking program in each com-
munity. Thus, they could be expected to report walking time
accurately.

Understanding the regional physical environmental char-
acteristics that affect physical activity has practical implications
and political implications such as those relating to transporta-
tion, urban planning and environmental initiatives. The charac-
teristics of regional physical environments have been shown to
affect the residents’ physical activity in earlier studies (19-23).
Regions that have a high residential density, mixed land uses
and street connectivity, are divided into small blocks of various
functions such as industries and residences. They also have a
more extensive network of roads as well as various means of

Table 4 Correlations between residents’ perception of the neighborhood’s environment and walking times in neighborhood

High walkable region

Low walkable region

Score of perception of neighborhood environment

Low (0 to 3)

High (4 and 5) Low (0 to 3) High (4 and 5)

n n n

Accessibility
There are sidewalks suitable for walking in the neighborhood 60

191.7+£200.6 177

302.9+279.7 * 91 125.9+182.1 104 211.3+234.5 *

There is a park nearby that is suitable for taking a walk in 55 190.8£195.0 182 300.2+279.5 * 105 137.5+£142.6 90 204.6+261.7
There is a river (or a beach) within walking distance 69 217.24211.7 168 299.1£283.6 * 121 180.4+240.3 74 165.4£169.0
There is a train station (or bus stop) within walking distance 12 156.0£90.8 225 282.4+271.0 80 138.6+144.4 115 192.24+251.6
There are shops for daily necessities within walking distance 34 238.0+266.2 203 282.5+267.3 75 134.7£143.3 120 192.1+247.6
There are several ways to get to one place 72 266.9+294.7 165 287.5£255.5 88 124.9+139.9 107 201.4£249.4 *
There are walking trails in the neighborhood 112 242.5+222.2 125 305.7+£299.6 136 176.1£239.7 59 160.9+£148.8
Safety
It is easy to cross streets 124 282.0+288.9 113 269.84241.9 116 145.1£162.7 79 214.6+270.2 *
Vehicular traffic does not hinder taking a walk 173 264.0£250.7 64 312.0+£305.4 107 142.4£170.9 88 213.3+255.8
The sidewalk is well-lit even at night 159 272.6+£264.9 78 280.8+274.1 165 170.74209.3 30 191.6+254.2
It is safe from crime 177 268.7+280.3 60 285.0+222.8 146 157.8+185.1 49 219.5+284.5
Convenience
The sidewalks have few inclines and are easy to walk on 65 273.6£296.8 172 278.1£255.4 64 89.7488.2 131 215.61245.9 **
The sidewalks are well-maintained 84 299.4+326.0 153 264.2+231.0 87 125.5£134.8 108 209.4+259.6
The sidewalks are wide enough to walk on 170 264.3+264.0 67 302.54£273.7 116 132.2+138.8 79 232.84284.5 **
The walking map of the neighborhood is useful 111 249.6+251.8 126 306.3+282.0 147 180.3+2359 48 160.1£156.3
Aesthetics
There are many scenic places nearby 124 266.6£291.7 113 285.84236.5 86 137.0+148.2 109 188.9+241.6
The sidewalks are clean and without any trash 171 255.5£260.4 66 323.1+£280.3 122 151.5£178.8 73 215.84268.5
The neighborhood is conducive toward taking a walk 147 245.0£233.5 90 323.44308.5 * 136 161.4+217.4 59 200.1+£207.6
Residents in the neighborhood are friendly 170 234.24212.2 67 381.0£354.5 ** 116 135.9+157.1 79 228.3+271.0 *
Weather

Bad weather does not hinder taking a walk

168 261.7£250.0 69

307.5+303.0 161 162.84219.1 34 228.8+187.8

Data are meantSD of the time spent walking (minutes/week). Analysis of covariance after adjustment for sex, age and habitual exercise: * p<0.05,

% p<0.01.
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transportation. The two regions that were chosen in this study
have different residential densities, mixed land uses and street
connectivities. The region with the higher residential density,
mixed land use and street connectivity was defined as the high
walkable region. As a result, walking time per week was
significantly higher in the high walkable region than in the low
walkable region. The results of this study support the findings
of earlier studies conducted in the USA and Australia (7,
19-23). This study showed a correlation between the regional
physical environment and walking time. However, that correla-
tion is not direct or causal. The current study attempted to select
residents with similar characteristics from both regions using
an earlier studies’ design. However, the study subjects do not
represent all the residents in the region because the number of
study subjects was small and they were all participants of a
health promotion program and therefore they were considered
to be more concerned about enhancing their physical activity
than general residents. Therefore, these results suggest the need
for further research in various regions using representative
residents of the regions.

The scores of perception of the neighborhood’s environ-
ment among the residents from the high walkable region were
higher in all factors under the accessibility category than those
among the residents from the low walkable region. This result
shows that the higher level of accessibility in a highly urbanized
region directly affects the residents’ perception. Also, residents
scored higher in the high walkable region for the factor, “The
sidewalk is well-lit even at night”. There are more street lights
and commercial neon signs in high walkable regions. High
walkable region residents also had higher scores for the factor,
“Bad weather does not hinder taking a walk” (weather cate-
gory). This may be due to the fact that the high walkable region
in this study has less annual rainfall, and higher temperatures
even in the winter than the low walkable region in this study.
The weather may have more effects on residents in the low
walkable region than on those in the high walkable region.

Residents from the low walkable region had significantly
higher scores for the factor under the safety category, “Vehicu-
lar traffic does not hinder taking a walk.” This perception might
reflect the fact that the average number of cars per square
kilometer in the low walkable region is much smaller than in
the high walkable region. Therefore, the low walkable region
might be perceived to be safer. Also, the low walkable region
residents had significantly higher score for the factor, “The
sidewalks are wide enough to walk on” (convenience category).
This may be due to the fact that land is spacious and roads
are wide in the low walkable regions. Low walkable region
residents also scored higher for the factor, “The sidewalks are
clean and without any trash” (aesthetics category). This may
also be correlated to the fact that sidewalks are wider and
residential density is lower in the low walkable region.

An earlier study (24) found there was agreement between
residents’ perception and the actual evaluation of the environ-
ments concerning accessibility, safety, and the friendliness of
residents in the communities. This study also found that the
residents’ perception of their neighborhood environment gener-
ally reflects the physical environmental characteristics concern-
ing accessibility, safety, convenience, aesthetics and the weather.
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Thus, neighborhood’s physical environmental characteristics
measured by perceived neighborhood’s environmental charac-
teristics may be used in further studies.

Earlier studies of the correlation between the perception of
the neighborhood’s environment and walking time showed that
a favorable perception of accessibility (7, 17, 22, 25, 26), safety
(7,11, 17,27), convenience (7, 17, 25, 28), aesthetics (7, 17, 18,
21, 25, 28), and the weather (7, 18) promoted the time spent
walking.

However, until now, there has been no study to ascertain
whether subtle differences in the residents’ perception could
affect walking time. Therefore, this study delineated the corre-
lation between the resident’s perception of the environment and
walking time within a region with only small variations in the
physical environmental characteristics. Also, the correlation
was compared in objectively different regions for the first time.
From the study results, the correlation between the perception
of the neighborhood’s environment and walking time differs
between the high walkable and the low walkable regions. The
environmental factors that associated with walking time in the
high walkable region only included the following: “There is a
park nearby that is suitable for taking a walk in” and “There is a
river (or a beach) within walking distance” (accessibility cate-
gory), and “The neighborhood is conducive toward taking a
walk” (aesthetics category). Those who had higher scores for
those factors reported significantly longer walking time. On the
other hand, environmental factors that are correlated with
walking time in the low walkable region only included the
following: “There are several ways to get to one place” (acces-
sibility category), “It is easy to cross streets” (safety category),
“The sidewalks have few inclines and are easy to walk on” and
“The sidewalks are wide enough to walk on” (convenience
category). Those who had higher scores for those factors spent
more walking time.

Factors that correlated to walking times in both regions
included “There are sidewalks suitable for walking in the
neighborhood” (accessibility category), and “Residents in the
neighborhood are friendly” (aesthetics category). However, the
factor “There are walking trails in the neighborhood” (accessi-
bility category) was not correlated with walking time. Walking
trails are present in only about 20% of the regions in Japan;
therefore, people’s awareness of walking trails is still low. It is
speculated that the availability of sidewalks that are convenient
for walking may promote walking behavior more than the
accessibility of walking trails. The factor, “Bad weather does
not hinder taking a walk” did not affect residents’ walking
behavior in either region. This indicates that people need to
walk to do daily errands such as shopping or commuting to
work regardless of the weather; therefore, weather was not an
influential factor for daily walking.

The neighborhood environmental factors that are corre-
lated with walking time differ depending on regional physical
characteristics. Environmental factors of aesthetics, along with
accessibility, may promote walking time in the high walkable
region. In urban regions, accessibility is high because the
installation of streets/sidewalks and their maintenance is a
priority. Therefore, good scenery and a park or river (or beach)
in the neighborhood appear to affect walking time for residents
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in urban regions. On the other hand, environmental factors of
convenience, along with the factors of accessibility, safety,
and aesthetics may promote walking time in the low walkable
region. Street connectivity, the installation of street equipment
and the maintenance of streets may enhance the residents’
walking behavior in the less urbanized regions. To promote
physical activity, the consideration of environmental factors
unique to the residents’ neighborhood environment is needed.

Because this study is a cross-sectional study, no causal
relationships can be delineated. Because there is no standard
method for this type of study in Japan, the environmental
factors of neighborhood perception used in this study were
developed by modifying the factors referred to in earlier studies
(17, 18). The reliability of the questionnaire has been proven
through internal consistency (Table 3: Cronbach’s o coefficient
of all categories was about 0.70).

The generalization of the study results may be limited
because the study design was cross-sectional and the study
subjects do not represent all the residents in the region. The
number of study subjects was small and they were all partici-
pants of a health promotion program; thus, they were consid-
ered to be more concern about enhancing their physical activity
than general residents. Also, the proportion who responded to
the survey was differed between the two study regions. Further
research on various regions and representative residents of the
regions is needed. This study focused on the perception of the
neighborhood’s environment and did not distinguish the effects
of the neighborhood environment from other factors influenc-
ing residents’ walking behaviors. Further study on other factors
such as psychological and social factors may be needed in the
future. However, the participants in this study had attended
lectures on health promotion and learned about enhancing
physical activities in the past; therefore, their answers to the

References

(1) U.S. Department of Health and Human Services. Physical
Activity and Health: A Report of the Surgeon General.
Atlanta, Georgia: International Medical Publishing; 1996.

(2) Ministry of Health, Labour and Welfare. National Health and
Nutrition Survey. Tokyo: Daiichi-Shuppan; 2001. (Japanese)

(3) Craig CL, Cameron C, Russell SJ, Beaulieu A. Increasing
Physical Activity: Creating a Supportive Recreation and
Sport System. Ottawa, Ontario: Canadian Fitness and Life-
style Research Institute; 2001.

(4) Armstrong T, Bauman A, Davis J. Physical Activity Patterns
of Australian Adults. Canberra: Australian Institute of Health
and Welfare; 2000.

(5) Ministry of Health, Labour and Welfare. Healthy Japan 21:
The National Health Movement in the 21st Century. Tokyo:
Japan Ministry of Health, Labour and Welfare; 2000.
(Japanese)

(6) Sallis JF, Owen N. Physical Activity and Behavioral Medi-
cine. Thousand Oaks, CA: Sage; 1999.

(7) Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Corre-
lates of adults’ participation in physical activity: review and
update. Med Sci Sports Exerc. 2002;34:1996-2001.

(8) Cervero R, Radisch C. Travel choices in pedestrian versus

Neighborhood Environments and Walking Time

questions regarding walking times may be more reliable than
those from the general population.

Conclusion

This study compared the residents’ perception of the
neighborhood’s environment with their walking time in high
walkable and low walkable regions in Japan. The comparison of
the two regions showed significant differences regarding both
the residents’ perception of their neighborhood environment
and walking time. The results suggest that residential density,
mixed land use and street connectivity may be influential
factors for walking time. Further, residents’ perception of the
neighborhood’s environment that correlated with walking time
differ between the two regions. Therefore, the consideration of
the environmental factors unique to each region is crucial in
designing and implementing effective support and the promo-
tion of physical activity for people in Japan.

Acknowledgments

This study was supported by a grant from the Japan
Ministry of Health, Labour and Welfare (ID #H15-059) as a
part of the Study of the Evaluation of Community Environ-
ments for the Effective Health Promotion Plan (principal
investigator: Kiyoshi KAWAKUBO), and by a grant from the
Japan Ministry of Education, Culture, Sports, Science and
Technology (ID #17200041) as a part of the Study of the
Evaluation of Neighborhood Environments Affecting Residents’
Daily Physical Activity (principal investigator: Jung Su LEE).

We express our thanks to the study participants.

automobile oriented neighborhoods. Transport Policy. 1996;
3:127-141.

(9) Kockelman KM. Travel behavior as function of accessibility,
land use mixing, and land use balance: evidence from San
Francisco Bay area. Transportation Research Record. 1997;
1607:116-125.

(10) Giles-Corti B, Donovan RJ. The relative influence of
individual, social and physical environment determinants of
physical activity. Soc Sci Med. 2002;54:1793—-1812.

(11) Brownson RC, Housemann RA, Brown DR, Jackson-
Thompson J, King AC, Malone BR, et al. Promoting physical
activity in low walkable communities: walking trail access,
use, and effects. Am J Prev Med. 2000;18:235-241.

(12) Triped PJ, Saunders RP, Pate RR, Reininger B, Ureda JR,
Thompson SJ. Associations between self-reported and objec-
tive physical environmental factors and use of a community
rail-trail. Prev Med. 2001;32:191-200.

(13) Handy SL. High walkable form and pedestrian choices: study
of Austin neighborhoods. Transportation Research Record.
1996;1552:135-144.

(14) Leslie E, Saelens B, Frank L, Owen N, Bauman A, Coffee
N, et al. Resident’s perceptions of wakability attributes in



Environ. Health Prev. Med.

objectively different neighborhoods: a pilot study. Health &

Place. 2005;11:227-236.

Frank L, Schmid T, Sallis J, Chapmes J, Saelens B. Linking

objectively measured physical activity with objectively

measured urban form: findings from SMARTRAQ. Am J

Prev Med. 2005;28 (Suppl. 2):117-125.

Saelens B, Sallis J, Black J, Chen D. Neighborhood-based

differences in physical activity: an environment scale evalua-

tion. Am J Public Health. 2003;93:1552-1558.

(17) Humpel N, Owen N, Leslie E. Environmental factors
associated with adults’ participation in physical activity: a
review. Am J Prev Med. 2002;22:188-199.

(18) Humpel N, Owen N, Iverson D, Leslie E, Bauman A.
Perceived environment attributes, residential location, and
walking for particular purposes. Am J Prev Med. 2004;
26:119-125.

(19) Ross CE. Walking, exercising, and smoking: does neighbor-
hood matter? Soc Sci Med. 2000;51:265-274.

(20) Craig CL, Brownson RC, Cragg SE, Dunn AL. Exploring

the effect of the environment on physical activity: a study

examining walking to work. Am J Prev Med. 2002;23 (Suppl.

2):36-43.

Wilcox S, Castro C, King AC, Housemann R, Brownson RC.

Determinants of leisure time physical activity in low walkable

(15)

(16)

@1)

compared with high walkable older and ethnically diverse
women in the United States. J Epidemiol Community Health.
2000;54:667-672.

10

Neighborhood Environments and Walking Time

(22) Parks SE, Housemann RA, Brownson RC. Differential cor-
relates of physical activity in high walkable and low walkable
adults of various socioeconomic backgrounds in the United
States. J Epidemiol Community Health. 2003;57:29-35.
Sallis JF, Frank LD, Saelens BE, Kraft MK. Active transpor-
tation and physical activity: opportunities for collaboration
on transportation and public health research. Transportation
Research Part A. 2004;38:249-268.

Kirtland KA, Porter DE, Addy CL, Neet MJ, Williams JE,
Sharpe PA, et al. Environmental measures of physical activity
support. Perception versus reality. Am J Prev Med. 2003;
24:323-330.

Humpel N, Owen N, Leslie E, Marshall AL, Bauman AE,
Sallis JF. Associations of location and perceived environmen-
tal attributes with walking in neighborhoods. Am J Health
Promot. 2004;18:239-242.

Addy CL, Wilson DK, Kirtland KA, Ainsworth BE, Sharpe
P, Kimey D. Association of perceived social and physical
environmental supports with physical activity and walking
behavior. Am J Public Health. 2004;94:440-443.

Powell KE, Martin LM, Chowdhury PP. Places to walk: con-
venience and regular physical activity. Am J Public Health.
2003;93:1519-1521.

Ball K, Bauman A, Leslie E, Owen N. Perceived environmen-
tal aesthetics and convenience and company are associated
with walking for exercise among Australian adults. Prev Med.
2001;33:434-440.

(23)

24)

(25)

(26)

@7

(28)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


