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Environment Scan Tool (CUBEST)
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Abstract

Background: Some aspects of the neighborhood built environment may influence residents’ physical activity,
which in turn, affects their health. This study aimed to develop an urban built environment evaluation tool and
conduct necessary reliability and validity tests.

Methods: A 41-item urban built environment scan tool was developed to objectively assess the neighborhood built
environment features related to physical activity. Six neighborhoods in Hangzhou were selected from three types of
administrative planning units. A pair of auditors independently assessed all of the 205 street segments at the same

using factor analysis.

factor loading matrix showed good construct validity.

time. Half of the segments (n = 104) were audited twice by the same auditor after a two-week time interval.
Inter-rater reliability was assessed by comparing the audits of paired observers, while intra-rater reliability was
evaluated by comparing an auditor's repeated assessments of the same segments. The construct validity was tested

Results: The inter-rater reliability for most items was above 0.8. The intra-rater reliability for most items was above
04, and was lower than corresponding inter-rater reliability. Six factors were extracted by factor analysis and the

Conclusions: The CUBEST is a reliable and valid instrument that can be used to assess the physical activity-related
built environment in Hangzhou, and potentially other cities in China.

Keywords: Environmental scan, Physical activity, Reliability, Validity

Background

Physical inactivity is an important, modifiable behavioral
risk factor for non-communicable chronic diseases [1].
Epidemiological studies have shown that physical in-
activity is associated with increased risks of obesity, dia-
betes, cardiovascular disease, and other chronic diseases
[2,3]. A growing number of studies have focused on the
ecological context of physical activity [4], i.e. the influ-
ence of the residential built environment on physical ac-
tivity patterns [5].
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The built environment—the physical form of commu-
nities usually consists of 6 dimensions: (1) residential
density; (2) street connectivity; (3) accessibility to desti-
nations (land-use mixed) and services; (4) walking and
cycling environment; (5) aesthetic quality; and (6) safety.
Together, these elements shape access to opportunities
for physical activity. Three types of data are usually used
to measure built environment attributes believed to be
related to physical activity: (1) perceived (subjective)
measures obtained by personal interview with question-
naire; (2) observational (objective) measures obtained
using systematic scans or audits; and (3) archival data
sets that are often layered and analyzed with GIS [6].

China is experiencing unprecedented rates of urbanization,
which have contributed to the decline of physical activity [7]
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and dramatically changes in built environment. For example,
sprawling development, transportation infrastructures that
emphasizes driving, and inconvenient, unsafe, and unpleas-
ant public open spaces have been discouraging active trans-
portation behaviors like walking and bicycling [8]. Thus, it is
critical to accurately assess built environment characteristics
before understanding how they correlate with physical activ-
ity in China. Some instruments have been developed for
assessing the built environment in developed countries, yet
few have been done in China [9]. Furthermore, unique built
environmental features are presented in Chinese and other
Asian ultra-dense cities, which could bring about different
associations with physical activities. These include but not
limited to mixed types of residential housing; crowdedness; a
complex public transport network; a great number of over-
passes; bike parking facilities; man-made obstacles on side-
walks and bike lanes; and unique types of destinations (e.g.,
historical buildings, tea houses, open-air food outlets). In
additional, even the same feature of built environment could
correlate with physical activity differently between in China
and other Western countries. For example, positive relation-
ship is usually observed between residential density and
physical activity in the Western countries. But studies have
suggested the possibility that densely settled Chinese cities
could hinder leisure-time physical activity due to decreased
availability of physical activity resources and increased con-
cerns about traffic safety [10]. These facts show that the
application of current instruments on assessing Chinese
urban built environment is limited. Therefore, it is of vital
importance to make necessary adjustments to have an in-
strument specifically designed for urban built environment
in China.

In this study, we created an adapted instrument (ob-
servational measures obtained using systematic scans or
audits) based on a review of existing reliable auditing
tools. This instrument is specifically designed for urban
built environment related to adult physical activity in
mainland China, that is, the China Urban Built Environ-
ment Scan Tool (CUBEST). This article sought to report
the reliability and validity assessment results of the
CUBEST conducted in the city of Hangzhou, China.

Methods

Study site

The city of Hangzhou, which is the capital of Zhejiang
Province, is situated in the southeast coastal area of
China. Hangzhou exercises jurisdiction over eight dis-
tricts, three county-level cities, and two counties. It is an
economically developed city in China, and its compre-
hensive economic strength ranked eighth among all
large- and medium-sized cities in China in 2011. By the
end of 2011, the population of long-term residents in
the city was 8.74 million, of which the urban population
is 6.45 million, accounting for 73.9% [11]. Two districts
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located in a central geographic location of Hangzhou
were included to test the reliability and validity of the
CUBEST, i.e., Shangcheng District and Xiacheng District.

All administrative planning units in these two districts
are classified into five categories [12] based on the de-
gree of land-use mix and service capacity of public
buildings. Public buildings usually consist of buildings
used for government, commercial, educational, transport
and health care purposes. A Type I unit is characterized
by fully developed commercial and residential areas with
dense population and mixed land use. A Type II unit has
developed but scattered public buildings as a feature,
lacking of comprehensive service capacity. A Type III
unit is featured by partly developed and single functional
public buildings. Type IV and type V units are mainly
composed of farmland and industrial storage warehouses
and were excluded from this study. A typical neighbor-
hood in most urban areas of China usually shows a
shape of square or rectangle with 0.2 to 0.5 square kilo-
meters in area. In this study, we extended 400 meters
out from each side of the neighborhood boundaries to
form a study area with 1.0 to 1.5 square kilometers in
area. Two neighborhoods were selected in each of the
three types of units and all the street segments in these
6 extended study areas were evaluated using environ-
mental audit instrument. A street segment was defined
as a section of street or road between two intersections
with a maximum length of 400 meters.

Development of the CUBEST

The CUBEST was designed based on a review of existing
reliable instruments which have been developed since the
year 2000, including Analytic Audit Tool [13], Active
Neighborhood Checklist [14], SSO [15], PIN3 Neighbor-
hood Audit Tool [16], Irvine - Minnesota Inventory [17],
NALP [18], EAST_HK [9], SPACES [19], PEDS [20],
WABSA [21], Sidewalk Assessment Tool [22], and PARA
[23]. Table 1 shows the information on the above-
mentioned instruments assessing neighborhood built en-
vironment related to physical activity. An item pool was
generated mainly from the Analytic Audit Tool, Active
Neighborhood Checklist and EAST_HK after consider-
ation of the date of development, sample size, compre-
hensiveness of dimensions, survey method and time cost
of current instruments. Six dimensions were involved in
the CUBEST, including residential density, street con-
nectivity, accessibility (land-use mix), sidewalk quality,
bike lane quality, and aesthetic. Items belonged to the
dimension of safety from traffic were integrated into the
dimensions of sidewalk and bike lane quality. Meanwhile,
necessary adjustments were made to fit in the character-
istics of Chinese urban settings. Items with Chinese and
local characteristics were added, such as “Cycling or
walking against the flow of traffic’, “Cultural features
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Table 1 Information on 12 instruments assessing neighborhood built environment related to physical activity

Dimensions
Number . .
Instrument of items Time required Residential Accessibility Street Sidewalks Bike Aesthetic Safety
density connectivity lane  quality
Analytic Audit Tool 27 106 min/ v v v v v v v
segment
Active Neighborhood 89 11.7 min/ v v v v v v v
Checklist segment
EAST_HK 91 12.38 min/ v v v v v v
segment
Irvine - Minnesota Inventory 162 20 min/ v v v v v v v
segment
Neighborhood Active 18 No report v v v v
Living Potential (NALP)
Pedestrian Environment 36 3-5 min/400 ft. v v v
Data Scan Tool (PEDS) segment
Physical Activity Resource 43 10 min/ v
Assessment Instrument (PARA) location
PIN3 Neighborhood Audit 43 No report v v v v v v
Instrument
Sidewalk Assessment Tool 5 8-12 min/ v v
segment
Systematic Pedestrian and 51 20 min/Km v v v v v
Cycling Environment Scan
(SPACES)
Systematic Social Observation 126 5-10 min/ v v v v v
(550) segment
Walking/Bicycling Suitability 16 + 27 No report v v v

Assessment Form (WABSA)

(historical buildings) in the neighborhood”, “Government
sponsored public recreational equipments”, “Tea house”,
“West Lake or Beijing-Hangzhou Grand Canal”. Physical
activity facilities were categorized to 9 kinds of destina-
tions based on the PANES questionnaire [24].

The draft of the CUBEST contained 49 items under 6
dimensions, including residential density (4 items), street
connectivity (3 items), accessibility (21 items), sidewalk
quality (6 items), bike lane quality (8 items), and aesthet-
ics (7 items).

On-site evaluation

The validation of the CUBEST was conducted in Hangzhou
City from October to December in 2011. In-the-field audits
of street segments was conducted by two raters who were
also involved in the development of the CUBEST. A stand-
ard operating procedure for environmental audit was devel-
oped using detailed written instructions and field pictures
to achieve uniformity in the performance of evaluation. A
two-day intensive rater training was developed with the
goal of making them become proficient at completing the
measures, including explanation of the principles, oper-
ation, potential problems and solutions of the CUBEST and
GPS positioning device. Before the evaluation was begun
across the whole sample, two raters independently finished

a pilot evaluation of two neighborhoods (about 60-80
street segments) using the CUBEST. Any discrepancies
were resolved by another one of the developers of the
CUBEST. In the formal survey, the two raters independ-
ently performed evaluations of a total of 205 street
segments at the same time. Approximately half of the
street segments (n = 104) were randomly sampled and in-
dependently scanned by the two raters for the second
time after a two-week time interval. All environmental
scans were conducted during daylight hours. The average
time required for data collection was 7.4 minutes per
segment.

Data analysis

Intra-rater reliability (i.e. test-retest reliability) was evalu-
ated by the consistency of judgments made by the same
rater over a period of time, and inter-rater rater reliability
was assessed based on the level of agreement achieved by
independent raters. The intra-class correlation coefficients
(ICCs) were calculated to assess reliability for continuous
and ordinal variables. Agreement among dichotomous var-
iables was assessed using Cohen’s Kappa statistic [25]. The
adjectival ratings suggested by Landis and Koch [26] in the
following categories were followed: 1.0 to 0.8 (almost per-
fect agreement), 0.8 to 0.6 (substantial agreement), 0.6 to



Su et al. BMC Public Health 2014, 14:109
http://www.biomedcentral.com/1471-2458/14/109

0.4 (moderate agreement), 0.4 to 0.2 (fair agreement), and
0.2 to 0.0 (poor agreement). The prevalence adjusted and
bias adjusted Kappa (PABAK) coefficient was used to deal
with items having high prevalence index or bias index [27].
For items with zero or little variance, the percentage of ob-
served agreement of two raters was used to assess the reli-
ability. The criterion for good level was set to no less than
75%, as used by Pikora and colleagues [19].

Construct validity refers to the extent to which an in-
strument measures what it claims to measure. Exploratory
factor analysis (EFA) with equamax orthogonal rotation
was applied to assess construct validity. Factor analysis ap-
propriateness was assessed by Kaiser-Meyer-Olkin (KMO)
value (greater than 0.7), and with a significant level less
than 0.05 for Bartlett’s test of sphericity. Factor loadings
with an absolute value greater than 0.40 were consid-
ered to be significant. The PASW version 18.0.0 (IBM
Corporation, Somers, NY, USA) was used for data analysis.

Results

Inter-rater reliability

A total of 309 street segments (205 for the first scan and
104 for the second) were assessed to test inter-rater reli-
ability. The results of inter-rater reliability are shown in
Table 2 and Table 3. Seven items were not suitable for
computing Kappa statistic or ICCs due to zero variance
or data distribution characteristics; nevertheless, all of
them had very high percentage of agreement (all > 85%).
For items with adequate variance, the Kappa statistic
was used to assess intra-rater reliability of 25 dichotom-
ous items and the ICCs were used for 17 ordinal items.
For Kappa values, eighteen out of 25 (72%) dichotomous
items reached almost perfect level of agreement, and the
rest 7 items (28%) also had a substantial level of agree-
ment. Twelve out of 17 (71%) items using ICCs reached
good level of agreement, and 3 items (22%) were in fair
level. Two items, “Evenness and Bike lanes maintenance”
and “Cigar butts or discarded cigarette”, showed poor re-
liability. All the six dimensions reached good level of
inter-rater reliability (all ICCs>0.75, p <0.001). When
the PABAK coefficient was applied, the inter-rater reli-
ability showed varying degrees of improvement, espe-
cially for the items with higher prevalence index.

Intra-rater reliability (test-retest reliability)

A total of 208 street segments (104 segments for each
rater) were evaluated to test intra-rater reliability. Table 2
and Table 4 indicate the results of intra-rater reliability
for each item. The percentage of agreement was calcu-
lated for 9 items with zero variance or specific data dis-
tribution. And all of them had very high percentage of
agreement (Evenness and sidewalks maintenance = 83%,
rest 8 items > 90%). For the 24 dichotomous items with
adequate variance, Kappa statistic was used to assess
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intra-rater reliability and ICCs were used for other 16
ordinal items. Nineteen out of 24 (79%) items using
Kappa statistic reached at least moderate level of intra-
rater reliability. Four items showed fair level and one
item fell into the poor category (“Abandoned building or
vacant lot”). ICCs for the 6 dimensions were: residential
density (0.563), street connectivity (0.721), accessibility
(0.758), sidewalk quality (0.360), bike lane quality
(0.587), and aesthetic (0.710), all of which were statisti-
cally significant (all p <0.001). After calculation of the
PABAK coefficient, fifteen out of 23 items reached
higher levels of intra-rater reliability.

Construct validity
The KMO value in the present analysis was 0.758, which
was within the range of “acceptable” values. The Bar-
tlett’s test of sphericity was 1593 and significant at p <
0.001, which indicated a highly significant correlation
among the survey questions. This information allowed
us to identify the factor model using the EFA approach.
The EFA vyielded 6 factors with eigenvalues greater
than 1, which explained 60.0% of the variance. After
suppressing small coefficients with absolute value below
0.40, the rotated component matrix is shown in Table 5.
Almost perfect matching was found between 6 compo-
nents and the corresponding items designed for them,
which suggests very good construct validity of the CUB-
EST. But still, the main factor loadings of a few items
(or summary scores of items) deviated from their ori-
ginal design. These were “Presence of bus or other tran-
sit stops” designed for street connectivity, “Evenness and
sidewalks maintenance” designed for sidewalk quality,
“Crossing aids for pedestrians and bicyclists” designed
for bike lane quality, and “Cultural features” and “Nature
sights” designed for aesthetic.

Final Scan Tool

Six dimensions and 41 items were included in the final
CUBEST specific to Hangzhou City (Q1 to Q41), as
shown in Table 6. Items with zero or little variance were
excluded because of little distinction among characteris-
tics of street segments in Hangzhou, which includes
“Abandoned building or vacant lot”, “Slope of sidewalks”,
“Slope of bike lanes”, “Whole or broken liquor bottles or
cans”, and “Unattended pets or lost animals”. However,
these items should be viewed as back-up items and added
when applying the CUBEST to other Chinese cities. For
example, slope of sidewalks and bike lanes should be
added when assessing the built environment in cites with

hilly terrain, like Qingdao and Chongging.

Discussion
In this study, we developed the instrument designed spe-
cifically for measuring the urban built environment
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Table 2 Inter-rater and intra-rater reliability of the CUBEST
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Item Inter-rater Reliability (n=309) Intra-rater Reliability (n =208)

Agreement Kappa/ PABAK Prevalence Bias Agreement Kappa/ PABAK Prevalence Bias
(%) ICCs Index Index (%) ICCs Index Index

Residential Density 0.853 0.563

Row houses of 1-3 stories 100 NA 100 NA

Apartment or condos 1-6 stories 94 0.776 0.871 0.65 0.02 83 0367 0.663 0.69 0.06

Apartment or condos 7-12 stories 97 0.821 0.935 0.80 0.03 88 0441 0.769 0.77 0.07

Apartments or condos more than 13 95 0811 0.909 0.72 0.01 89 0500 0788 0.76 0.01

stories

Street Connectivity 0.902 0.721

Number of intersections 0.961 0.798

Presence of bus or other transit stops 99 0992  0.990 0.38 0.01 96 0.891 0913 045 0.04

Number of transit stops 0972 0.786

Accessibility 0912 0.758

Fast food restaurant 91 0.819 0.819 0.03 0.04 86 0.689 0.692 0.10 0.01

Other restaurant 88 0718 0767 042 0.01 81 0522 0625 047 0.04

Convenience or small grocery store 91 0764 0812 045 0.01 78 0454 0558 044 0.08

Supermarket 96 0.857 0.922 0.68 0.02 91 0.691 0.827 0.65 0.01

Shopping mall or Department store 93 0733 0.851 0.67 0.04 83 0414 0663 0.66 0.09

Coffee shop or Tea house or Bar 94 0.809 0.877 0.60 0.01 86 0528 0711 0.63 0.05

Other retail stores 86 0.705 0.728 0.28 0 67 0313 0.346 0.36 0.28

Other public or government service 90 0806  0.806 0.01 0.01 72 0446 0442 0.03 0.09

destinations

Other recreational destinations 95 0830 0909 0.68 0.03 79 0313 0576 063 0.12

Sidewalks/Bike lane 96 0909 0922 038 0.01 90 0792 0808 028 0.03

Indoor recreation or exercise facility 99 0887 0994 097 0.01 99 0564 0971 097 0.01

Outdoor sports/playing field 100 1.000 99 NA

Public recreational equipments 99 0916 0974 0.83 0.01 96 0.744 0923 0.84 0

School with recreational facilities 100 NA 100 NA

Neighborhood public park 99 0.964 0.994 091 0.01 96 0316 0.923 0.94 0.02

Municipal public park 99 0.897 0987 0.94 0 100 1.000

Public open space that is not a park 99 0918  0.981 0.87 0.01 93 0426 0.865 0.88 0.01

Lake or Beijing-Hangzhou Grand 97 0852 0948 0.81 0.01 94 0617 0885 0.84 0.03

Canal

Parking lot or parking garage 86 0712 0715 0.1 0.05 73 0459 0461 0.14 0.13

Abandoned building or vacant lot 98 0776 0961 091 0.01 91 -0044 0817 091 0.02

Railroad, bridge, tunnel, or highway 97 0.852 0.948 0.81 0 92 0537 0846 0.82 0.01

Walkability (segments with 0.788 0.360

sidewalks)

Presence of sidewalks 98 0.959 90 0.894

Sidewalk width 94 0.740 78 0.256

Evenness and sidewalks maintenance 87 NA 83 NA

Slope 99 NA 90 NA

Obstructions on sidewalks 75 0.834 66 0357

Signs of “Avoid Pedestrians”/ 83 0.825 55 0484

“Slow Down"
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Table 2 Inter-rater and intra-rater reliability of the CUBEST (Continued)

Bikeability (segments with bike 0.766
lanes)

Presence of bike lane or marked 99 0.985
shoulder

Evenness and Bike lanes maintenance 96 0.308
Slope 99 NA
Presence of speed limit signs on 96 0925 0929
motor vehicle lanes

Street design to reduce volume or 84 0.882
speed

Crossing aids for pedestrians and 86 0917
bicyclists to cross the street safely

Cars running or parked on bike lanes 74 0.757
Cycling or walking against the flow of 64 0.638
traffic on bike lanes

Aesthetic 0.771
Cultural landscape in the 84 0.846
neighborhood

Natural sights in the neighborhood 63 0.822
Whole or broken liquor bottles or 100 NA
cans

Cigar butts or discarded cigarette 76 0.391
Garbage, litter, or broken glass 61 0.548
Graffiti on the buildings, signs or walls 100 1.000
Unattended pets or lost animals 99 NA

0.587
9% 0.948
93 0910
99 NA

0.21 0.01 86 0693 0711 0.25 0.05

67 0.744
65 0.793
58 0.468
55 0464

0.710
70 0.722
65 0.764
99 NA
64 0314
57 0472
97 NA
96 NA

related to physical activity in the Chinese context and con-
ducted necessary reliability and validity tests. In general,
most of the items demonstrated at least substantial level
of inter-rater reliability (Kappa > 0.6, ICCs > 0.75), as well
as fair to acceptable levels of agreement for the intra-rater
reliability. Of the 6 dimensions, the accessibility dimension

showed the highest reliability, which was consistent with
Brownson’s study [13].

A low ICC or Kappa statistic could be attributed to ac-
tual low reliability, a change of the environment between
the first and the second audit, the subjectivity of judg-
ments, and/or little variation across segments [28]. Items

Table 3 Summary of the inter-rater reliability of the CUBEST (N = 309)

Dimension ICCs for Kappa Statistic ICCs

g\lt:nm)ber of  Dimensions NA?  Slight Fair Moderate Substantial  Almost Perfect NA®  Poor Fair Good
ems (0-0.2) (0.2-0.4) (0.4-0.6) (0.6-0.8) (0.8-1.0) (0-0.4) (0.4-0.75) (0.75-1.0)

Residential 0.853 1 1 2

Density (4)

Street 0.902 1 2

Connectivity

(3)

Accessibility 0912 1 6 14

21

Walkability (6) 0.788 2 1 3

Bikeability (8) 0.766 1 1 1 1 4

Aesthetics (7) 0.771 2 1 1 3

Total Number 2 7 18 5 2 3 12

(49)

2 items were not suitable for computing Kappa statistic due to zero variance or data distribution characteristic.
b5 items were not suitable for computing ICCs due to zero variance or data distribution characteristic.
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Table 4 Summary of the intra-rater reliability of the CUBEST (N =208)
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Dimension ICCs for Kappa Statistic

ICCs

f:\lum;oer of  Dimensions NA?®  Slight Fair Moderate Substantial
ftems (0-0.2) (0.2-04)  (0.4-0.6) (0.6-0.8)

Almost Perfect NA®  Poor
(0.8-1.0) (0-0.4)

Fair
(0.4-0.75)

Good
(0.75-1.0)

Residential 0.563 1 1 2
Density (4)

Street 0.721
Connectivity
3)

Accessibility 0.758 2 1 3 9 5
21

Walkability (6) 0.360
Bikeability (8) 0.587
Aesthetics (7) 0.710

Total Number 3 1 4 11 5
(49)

N W

23 items were not suitable for computing Kappa statistic due to zero variance or data distribution characteristic.
b6 items were not suitable for computing ICCs due to zero variance or data distribution characteristic.

Table 5 Construct Validity of the CUBEST?®: rotated component matrix using factor analysis

Residential Street
Density Connectivity

Accessibility  Sidewalk
quality

Bike lane

quality

Aesthetics

Residential Density® 0.893

Number of Intersections 0.741
Presence of bus or other transit stops 0475
Commercial destinations® 0.583
Physical activity destinations”

Parking lot or parking garage

Railroad, bridge, tunnel, or highway

Presence of sidewalks

Sidewalk width

Evenness and sidewalks maintenance

Obstructions on sidewalks

Signs of “Avoid Pedestrians’/“Slow Down”

Presence of bike lanes

Presence of speed limit signs on motor vehicle lanes

Street design characteristics to reduce volume or 0.558
speed

Crossing aids for pedestrians and bicyclists to cross 0.602
the street safely

Cars running or parked on bike lanes

Cycling or walking against the flow of traffic on bike
lanes

Cultural features in the neighborhood 0418
Natural sights in the neighborhood

Cigar butts or discarded cigarette

Garbage, litter, or broken glass

Graffiti on the buildings, signs or walls

0.703
-0417
0.565
0.558
0.556

0.498
-0.568

0576
0.791

—-0.492

0.542

0911
-0.509
0.566

0.588

-0.832
-0.841

0.781
0481

0.733
0.765
0455

?After suppressing small coefficients (absolute value below 0.40).
bUsing total score or summary score to represent original items.
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Table 6 Dimensions and items included in the final CUBEST specific to Hangzhou City

Dimensions

Residential  Street connectivity Accessibility Sidewalk quality Bike lane quality Aesthetic
density

Types of Number of Commercial destinations ° Presence of sidewalks Presence of bike lanes (Q30) Cultural features
Housing ® intersections (Q5) (Q8-Q14) (Q25) Q37)

(Q1-Q4)

Presence of bus or  Physical activity destinations ©

other transit stops (Q15-Q22)

Qo)

Number of transit  Other types of destinations ¢
stops (Q7) (Q23-Q24)

Obstructions (Q28)

Signs of “Avoid
Pedestrians’/"Slow
Down” (Q29)

Sidewalk width (Q26)

Evenness and
maintenance (Q27)

Evenness and maintenance (Q31)  Natural sights (Q38)

Presence of speed limit signs on
motor vehicle lanes (Q32)

Cigar butts or
discarded cigarette
(Q39)

Garbage, litter, or
broken glass (Q40)

Graffiti on the
buildings, signs or
walls (Q41)

Street design characteristics to
reduce volume or speed (Q33)

Crossing aids for pedestrians and
bicyclists to cross the street safely
(Q34)

Cars running or parked on bike
lanes (Q35)

Cycling or walking against the
flow of traffic on bike lanes (Q36)

“Row houses; apartment of 1-6, 7-12, more than 13 stories.

PFast food; other restaurant; convenience/grocery store; coffee shop or tea house; other retail stores; other service destinations; other recreational destinations.
Sidewalks / Bike lane; indoor fitness venues; outdoor sports field; school with facilities; neighborhood park; municipal park; public open space; lake or canal.

dParking lot; Railroad, bridge, tunnel, or highway.

measuring access to destinations changed little over time,
which ensured higher intra-rater reliability. By contrast,
some items measuring aesthetic, sidewalk, and bike lane
quality varied over time (e.g. “Obstructions on bike
lanes”, or “Cigar butts or discarded cigarette”), which re-
sulted in lower intra-rater reliability. To minimize the
variation in street environment over time, a two-week
time interval between the first and second audit was
chosen, which also providing sufficient washout period to
avoid memory effect. In addition, necessary subjective
judgment for a few items can lead to lower inter-rater re-
liability despite of proper auditor training [9,22]. These
items included obstacles on sidewalks and bike lanes and
aesthetic items.

Little variance or certain data distribution can also
cause problems (e.g. lower Kappa statistic due to high
prevalence effect). The PABAK coefficient was reported
alongside of the original Kappa coefficient, which was es-
pecially necessary when the prevalence index or the bias
index was high. The item “Presence of community park”
presented perfect observer agreement (96%), however,
the original Kappa coefficient was only 0.316 due to high
prevalence index. The PABAK adjusted for prevalence ef-
fect reached 0.923, much higher than unadjusted value.
Adjustments for prevalence and bias effect increased the
Kappa coefficient in 4 items in the inter-rater reliability
test and 15 items in the intra-rater reliability test.
Hoehler [29] is critical of the use of the PABAK because
the effects of bias and prevalence on the magnitude of

kappa are themselves informative and should not be ad-
justed for. Alongside the obtained values of Kappa and
the PABAK, we also reported the prevalence index and
bias index to provide more valuable information as rec-
ommended by other authors [27,30].

Factor analysis was used to test construct validity. The
six extracted principal components were basically in ac-
cordance with the theoretical framework of the CUBEST.
A few items showed larger factor loading on dimensions
to which they did not belong, however, these results can
be explained. For example, the commercial buildings
usually were located at places where streets are well-
connected to increase business visibility. The analysis
correspondingly indicated that the commercial destin-
ation items loaded highly on the factor of street connect-
ivity instead of accessibility. Similarly, “Evenness and
sidewalks maintenance” could not only be used to meas-
ure the sidewalk quality, but also be in reflection of the
aesthetic quality. Another example is that, the “Presence
of bus or other transit stops” loaded strongly on bike lane
quality instead of street connectivity because the public
bicycle rental stations are usually built near bus stops to
facilitate the traffic movement.

A 91-item Environment in Asia Scan Tool — Hong
Kong (EAST_HK) was developed by Cerin et al. to ob-
jectively assess aspects of the neighborhood environment
hypothesized to affect walking in Hong Kong and similar
ultra-dense Asian metropolises [9]. There were differ-
ences in several aspects between the CUBEST and
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EAST_HK. First, items hypothesized to affect cycling be-
havior were added in the CUBEST given that cycling
remains one of the most popular form of transport in
China. Second, the EAST_HK included 41 items as a list
of destinations. However, we had special focus of the
CUBEST on two most important types of destinations,
that was commercial (8 items) and physical activity des-
tinations (8 items), and had other types of destinations
simplified to keep the questionnaire as short as possible.
A simplified instrument would be a more feasible option
for large-scale survey. Third, items measuring safety
from crime were not included in the CUBEST due to
consideration of hard judgment for raters during a short
stop in the street. In addition, additional items were
added, like the presence and number of transit stops to
better capture variation of street connectivity.

We acknowledge the limitations of this study. One is
the lack of criterion validity test for the instrument. GIS
data could be used as criterion measure to test the valid-
ity of residential density, street connectivity, and land-
use mix. Unfortunately, poor accessibility and high cost
make the use of GIS data impossible in this and many
other studies conducted in China [31]. The other limita-
tion is that this study took place in one city of China,
which may limit the application of the CUBEST to other
Chinese cities. However, we evaluated the CUBEST in
three different types of administrative planning units,
which to some extent ensured enough variations in the
environmental features. When applying the CUBEST in
other Chinese cities, we suggest that some items should
be added or modified to capture specific built environ-
ment features to different cities.

Conclusions

The CUBEST is a reliable and valid instrument that can
be used to assess the physical activity-related built envir-
onment in Hangzhou, and potentially other cities in
China (with suitable modifications).

Competing interests
The authors declare no conflict of interests.

Authors’ contributions

MS participated in the development of the CUBEST, performed the statistical
analysis and drafted the manuscript. YKD participated in the development of
the CUBEST and collected the data. QML and YJR participated in the study
coordination. IK helped to draft the manuscript. JL and LML conceived of the
study and participated in its design. All authors read and approved the final
manuscript.

Acknowledgements
This work was supported by a grant from the National Natural Science
Foundation of China (No0.81072373).

Author details

'Department of Epidemiology and Biostatistics, School of Public Health,
Peking University, 38 XueYuan Road, HaiDian District, Beijing 100191, China.
2Department of Chronic Non-communicable Disease Control and Prevention,

Hangzhou Center for Disease Control and Prevention, Hangzhou 310021,

Page 9 of 10

China. *Department of Social and Behavioral Sciences, School of Public
Health, Harvard University, Boston, MA 02115, USA.

Received: 24 July 2013 Accepted: 27 January 2014
Published: 4 February 2014

References

1. WHO: Preventing chronic diseases. A vital investment: WHO Global
Report. Geneva: World Health Organization; 2005.

2. Warburton DER, Nicol CW, Bredin SSD: Health benefits of physical activity:
the evidence. Can Med Assoc J 2006, 174(6):801-809.

3. Bize R, Johnson JA, Plotnikoff RC: Physical activity level and health-related
quality of life in the general adult population: a systematic review. Prev
Med 2007, 45(6):401-415.

4. Sallis J, Owen N, Fisher E: Ecological models of health behavior. In Health
Behavior and Health Education-Theory, Research, and Practice. San Francisco,
CA, US: Jossey-Bass; 2008:465-485.

5. Trost SG, Owen N, Bauman AE, Sallis JF, Brown W: Correlates of adults’
participation in physical activity: review and update. Med Sci Sports Exerc
2002, 34(12):1996-2001.

6. Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF: Measuring the built
environment for physical activity: state of the science. Am J Prev Med
2009, 36(4 Suppl):599-5123.

7. Ng SW, Norton EC, Popkin BM: Why have physical activity levels declined
among Chinese adults? Findings from the 1991-2006 China health and
nutrition surveys. Soc Sci Med 2009, 68(7):1305-1314.

8. Day K Alfonzo M, Chen Y, Guo Z, Lee KK: Overweight, obesity, and
inactivity and urban design in rapidly growing Chinese cities. Health
Place 2013, 21:29-38.

9. Cerin E, Chan KW, Macfarlane DJ, Lee KY, Lai PC: Objective assessment of
walking environments in ultra-dense cities: development and reliability
of the Environment in Asia Scan Tool-Hong Kong version (EAST-HK).
Health Place 2011, 17(4):937-945.

10. Xu F, Li J, Liang Y, Wang Z, Hong X, Ware RS, Leslie E, Sugiyama T, Owen N:
Associations of residential density with adolescents’ physical activity in a
rapidly urbanizing area of Mainland China. J Urban Health 2010,
87(1):44-53.

11. Office Information Processing Center, CPC Hangzhou Committee, Hangzhou
Municipal Government: About Hangzhou. 2011, [http://eng.hangzhou.gov.
cn/main/zpd/English/AboutHangZhou/index.shtml].

12. Yu XF, Chen QH, Wu YZ: Urban public building scale and space distribution
study: Hangzhou as an example. Beijing, China: China Architecture & Building
PRESS; 2010.

13. Brownson RC, Hoehner CM, Brennan LK, Cook RA, Elliott MB, McMullen KM:
Reliability of two instruments for auditing the environment for physical
activity. J Phys Act Health 2004, 1:191-208.

14.  Hoehner CM, Ivy A, Ramirez LK, Handy S, Brownson RC: Active
neighborhood checklist: a user-friendly and reliable tool for assessing
activity friendliness. Am J Health Promot 2007, 21(6):534-537.

15. Caughy MO, O'Campo PJ, Patterson J: A brief observational measure for
urban neighborhoods. Health Place 2001, 7(3):225-236.

16.  Evenson KR, Sotres-Alvarez D, Herring AH, Messer L, Laraia BA, Rodriguez
DA: Assessing urban and rural neighborhood characteristics using audit
and GIS data: derivation and reliability of constructs. Int J Behav Nutr PA
2009, 6:44.

17. Day K Boarnet M, Alfonzo M, Forsyth A: The Irvine-Minnesota inventory to
measure built environments: development. Am J Prev Med 2006,
30(2):144-152.

18. Gauvin L, Richard L, Craig CL, Spivock M, Riva M, Forster M, Laforest S,
Laberge S, Fournel MC, Gagnon H, et al: From walkability to active living
potential: an “ecometric” validation study. Am J Prev Med 2005,

28(2 Suppl 2):126-133.

19. Pikora TJ, Bull FC, Jamrozik K, Knuiman M, Giles-Corti B, Donovan RJ:
Developing a reliable audit instrument to measure the physical environment
for physical activity. Am J Prev Med 2002, 23(3):187-194.

20. Clifton KJ, Livi Smith AD, Rodriguez D: The development and testing of an
audit for the pedestrian environment. Landsc Urban Plan 2007,
80(1-2):95-100.

21, Emery J, Crump C, Bors P: Reliability and validity of two instruments
designed to assess the walking and bicycling suitability of sidewalks and
roads. Am J Health Promot 2003, 18(1):38-46.


http://eng.hangzhou.gov.cn/main/zpd/English/AboutHangZhou/index.shtml
http://eng.hangzhou.gov.cn/main/zpd/English/AboutHangZhou/index.shtml

Su et al. BMC Public Health 2014, 14:109
http://www.biomedcentral.com/1471-2458/14/109

22. Williams JE, Evans M, Kirtland KA, Cavnar MM, Sharpe PA, Neet MJ, Cook A:

Development and use of a tool for assessing sidewalk maintenance as

an environmental support of physical activity. Health Promot Pract 2005,

6:81-88.

23. Lee RE, Booth KM, Reese-Smith JY, Regan G, Howard HH: The Physical
Activity Resource Assessment (PARA) instrument: evaluating features,
amenities and incivilities of physical activity resources in urban
neighborhoods. Int J Behav Nutr Phys Act 2005, 2:13.

24. Sallis JF: IPS, International Physical Activity Prevalence Study

Environmental Survey Module. 2002 [http://www-rohan.sdsu.edu/faculty/

sallis/IPAQIPS.pdf].

25. Cohen J: A coefficient of agreement for nominal scale. Educ Psychol Meas

1960, 20:37-46.

26. Landis JR, Koch GG: The measurement of observer agreement for
categorical data. Biometrics 1977, 33(1):159-174.

27. Byrt T, Bishop J, Carlin JB: Bias, prevalence and kappa. J Clin Epidemiol
1993, 46(5):423-429.

28.  Streiner D, Norman G: Health measurement scales: a practical guide to
their development and use. New York: NY: Oxford University Press; 1995.

29. Hoehler FK: Bias and prevalence effects on kappa viewed in terms of
sensitivity and specificity. J Clin Epidemiol 2000, 53(5):499-503.

30.  Sim J, Wright CC: The kappa statistic in reliability studies: use,
interpretation, and sample size requirements. Phys Ther 2005,
85(3):257-268.

31, Kelly CM, Hoehner CM, Baker EA, Brennan Ramirez KL, Brownson RC:
Promoting physical activity in communities: approaches for successful
evaluation of programs and policies. Eval Program Plann 2006,
29(3):280-292.

doi:10.1186/1471-2458-14-109

Cite this article as: Su et al.: Objective assessment of urban built
environment related to physical activity — development, reliability and
validity of the China Urban Built Environment Scan Tool (CUBEST). BMC
Public Health 2014 14:109.

Page 10 of 10

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central



http://www-rohan.sdsu.edu/faculty/sallis/IPAQIPS.pdf
http://www-rohan.sdsu.edu/faculty/sallis/IPAQIPS.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study site
	Development of the CUBEST
	On-site evaluation
	Data analysis

	Results
	Inter-rater reliability
	Intra-rater reliability (test-retest reliability)
	Construct validity
	Final Scan Tool

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


