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Abstract
Background: The physical activity-environment relationship has been infrequently investigated in Chinese children.
Reliable and valid environmental measures specific to the age group and the local context are crucial for better
understanding this relationship. The purposes of this study were to adapt the Neighborhood Environment
Walkability Scale for youth (NEWS-Y) for Chinese children (termed NEWS-CC), and to examine the reliability and
factorial validity of the NEWS-CC.
Methods: The development of the NEWS-CC involved the translation of the NEWS-Y to Chinese and the addition
of nine new items capturing Hong Kong specific environmental attributes which were generated in our previous
study. A total of 953 Hong Kong children aged 9–14 years volunteered to complete the NEWS-CC twice with 7–14
days apart. Confirmatory factor analysis (CFA) was performed to examine the factorial validity of the NEWS-CC. Testretest reliability of subscales and individual items in the NEWS-CC was examined by intraclass correlation
coefficients (ICCs).
Results: The CFA identified a 7-factor measurement model for the NEWS-CC which fitted the data well, with an
additional “pollution” factor not included in the original NEWS-Y. The final NEWS-CC consisted of 67 items in 10
subscales. The test-retest reliability of subscales (range of ICC = 0.47–0.86) and individual items (range of ICC = 0.41–
0.79) in the final NEWS-CC was moderate to good.
Conclusion: The results of this study support the psychometric properties of the NEWS-CC. The NEWS-CC can be
used to assess physical activity-related neighborhood environment among children in Hong Kong, as well as cities
that share similar urban forms with Hong Kong.
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Background
The benefits of regular physical activity (PA) [1] and the
negative impacts of excessive sedentary behavior (SB) [2]
on the health outcomes have been extensively documented for school-aged children. The World Health
Organization recommends children to achieve at least
60 min of moderate- to vigorous-intensity PA (MVPA)
daily and limit the amount of sedentary time [3]. A
meta-analysis with pooled objective data from 20 studies
indicated that Chinese children and adolescents spent
approximately 41 min/day in MVPA and 530 min/day in
SB on average [4]. Based on a recent national survey
with a representative sample of Chinese school-aged
children, only 13.1% reported to have 60 min of MVPA
daily [5]. Longitudinal studies have demonstrated
changes of the built environment to be significant determinants of PA behaviors [6]. China has been undergoing
rapid urbanization and urban sprawl which may have
profound and lasting impacts on residents’ lifestyle, including the PA behaviors of children [7].
Because children have less behavioral autonomy, they
are more prone to be affected by the environment of
their neighborhood [8]. The impact of the neighborhood
built environment on children’s physical activity (PA)
has gained research interest in recent years worldwide
[9, 10] including China [11]. Reliable and valid environmental measures are crucial for better understanding the
relationship between the built environment and PA in
children. The built environment has been measured
mainly using three methods; perceived measures, direct
observation (audits), and Geographic Information Systems (GIS) [12]. Audits and GIS are objective measures
and are recommended by researchers for accurately
assessing the built environment [13]. However, compared to objective measures, perceived measures are
valuable in capturing different attributes of neighborhood environment that are predictive of children’s PA
[8]. In addition, perceptions about the environment are
more amenable to change than the actual environment
[14]. Moreover, the relationship between physical activity and the built environment can vary depending on
whether the environmental measure is objective or subjective [15, 16]. Therefore, having an understanding of
the target population’s perceptions of their neighborhood built environment could better inform the development of specific interventions targeting corresponding
environmental correlates.
Several instruments assessing children’s perceptions of
their neighborhood environment have been developed in
recent years, and have shown acceptable reliability [17,
18]. However, these instruments provide less comprehensive measures of the neighborhood built environment in
contrast to the framework developed by Pikora and colleagues [19]. This framework provides a comprehensive
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system of guidance for understanding a PA-related environment which identified four main environmental domains (functional, safety, aesthetic, and destination)
comprising nine environmental elements (walking surface,
streets, traffic, permeability, personal safety, traffic safety,
streetscape, views, and facilities) [19].
Among existing questionnaires assessing the perceived
neighborhood environment, the Neighborhood Environment Walkability Scale (NEWS) and its abbreviated version (NEWS-A) provide by far the most comprehensive
measures of the PA-related neighborhood environment
and are the most frequently used internationally [20, 21].
The NEWS and the NEWS-A consist of 68 and 54 items
respectively measuring eight environmental elements in
the neighborhood, i.e., residential density, land use mixdiversity, aesthetics, land use mix-access, street connectivity, walking facilities, crime safety, and traffic safety
[22, 23]. A version of the NEWS adapted to youth
(NEWS-Y) was developed from the NEWS-A by adding
items relevant to youth and an additional checklist of 14
recreational facilities related to PA of youth [24]. The
NEWS-Y showed a good test-retest reliability in a sample of adolescents in the USA [24]. A recent study further adapted NEWS-Y to accommodate its application
among 15 countries and regions including Hong Kong
within the International Physical Activity and Environment Network adolescent project (NEWS-Y-IPEN), and
the NEWS-Y-IPEN demonstrated good factorial and
construct validity [25].
Perception of environments depends on past experience, aspiration levels, adaptation processes and individual personality [12], thus measures of perceived
environments should be specific to age groups, culture,
and local environmental attributes. Children have unique
understanding of their experiences, and children at 8–
11 years can provide reliable reports on questionnaires
developed especially for this age group [26].
Huang and colleagues have modified the NEWS to
assess perceptions of the neighborhood environment
in children, but this instrument only adopted 11 selective items on aesthetics, convenience, safety, and
22 items on accessibility from the NEWS and provided limited measures of the perceived environment
[27]. To the best of our knowledge, NEWS-Y has not
been adapted and evaluated specifically for children.
Therefore, the purpose of this study was to adapt the
NEWS-Y for Chinese children (termed NEWS-CC)
and test its reliability and factorial validity in a sample of Hong Kong children.

Methods
This study was conducted in three steps: (1) instrument
development; (2) pilot testing; (3) reliability and factorial
validity testing.
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Participants and procedures
Instrument development

The source instrument used to develop the NEWS-CC
was the original English version of the NEWS-Y [24].
The NEWS-Y consists of 67 items grouped into subscales measuring nine aspects of the neighborhood
environment including land use mix-diversity, traffic
safety, crime safety, aesthetics, walking/cycling facilities, street connectivity, land use mix-access, residential density, and recreational facilities. All subscales
use a 4-point Likert scale, except for land use mixdiversity, recreational facilities, and residential density.
Land use mix-diversity and recreational facilities are
checklists of proximity of diverse destinations and facilities in the neighborhood. Residential density was
assessed by four items asking about residence types in
the neighborhood using a 5-point scale. The development of the NEWS-CC involved translation and adaptation of items to capture Hong Kong-specific
environmental attributes, such as covered sidewalks,
bridge or tunnel help to cross the street, and garden
on the roof or platform of buildings.
The translation of the NEWS-Y from English to
Chinese (Cantonese) followed the process recommended by the World Health Organization [28]: First,
the original English NEWS-Y was independently
translated into Chinese (forward translation) by two
bilingual Chinese native speakers. The academic backgrounds of the two forward translators are exercise
science and geography, respectively. Second, these two
independent translations were synthesized by the forward
translators with comparison to the original English questionnaire. Inconsistent translations were discussed and
modified one by one and a synthesized Chinese translation
was formed as a result. Third, the synthesized Chinese
translation was translated into English (back translation)
by another translator (back translator) who is a bilingual
Chinese native speaker with the background of exercise
science. Fourth, one of the forward translators, the back
translator and another English native speaker with the
background of exercise science evaluated the semantic
equivalence (meaning of each item remains the same after
translation into a different language) between the English
back translation and the original English questionnaire
using the Flaherty’s 3-Point Scale [29]. Each evaluation
panel member independently gave a score of 1–3 for
each item in the back translation compared with the
original version, with score 3 indicating exactly the
same meaning in both versions, score 2 indicating almost the same meaning in both versions, and score 1
indicating a different meaning in each version. No
translated items received a uniform score of “1”.
Items receiving mixed scores of “1” to “3” were reworked until equivalence was achieved.
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The adaptation of the NEWS-Y (thereafter, the
NEWS-CC) included the modification of the residential
density subscale and the addition of nine new items. The
4-item residential density subscale in the NEWS-Y was
substituted by a 6-item subscale developed by Cerin and
colleagues which has been used to measure perceived
residential density of Hong Kong [20]. In order to identify items specific to children and the Hong Kong context, 34 children aged 10–11 years from four types of
neighborhoods varying in socio-economic status (SES)
and walkability in Hong Kong were interviewed using
Nominal Group Technique (detailed procedures are reported elsewhere [30]. A total of nine novel items
deemed to be highly relevant to children’s PA were integrated into corresponding subscales of the NEWS-Y: six
items to the aesthetics subscale (i.e. dogs/animals fouling, garden on the roof or platform of buildings, air is
fresh in my neighborhood, smokers in the streets, fumes
from restaurants, and noise from worksite); one item to
the walking facility subscale (i.e. sidewalk with covers);
one item to the crime safety subscale (i.e. people make
me feel unsafe); and one item to the traffic safety subscale (i.e. bridge or tunnel help to cross the street). Therefore, the initial NEWS-CC consisted of 78 items in nine
subscales.
Pilot testing

The newly developed NEWS-CC was pilot-tested among
a convenience sample of 66 children in grade 5 or grade
6 from two primary schools. The children were required
to mark the items that they could not understand or felt
unacceptable while they were completing the questionnaire. The researcher afterwards discussed with the children who made marks on their questionnaire to obtain
detailed opinions of the children regarding those items,
and the children were also encouraged to suggest alternative wording. All children completed the NEWS-CC
and socio-demographic questions within 25 min, which
revealed the feasibility of administering the questionnaire within one primary school lesson (normally 35 min
in Hong Kong). A total of 17 unclear items were mentioned by the children. Rewordings of the unclear items
were subsequently made based on the results of the pilot
testing.
Participants

A total of 1067 children in grades 4 to 6 were recruited
from seven primary schools located in different districts
in Hong Kong of varying SES. The children completed
the NEWS-CC twice, 7–14 days apart. Children were
also required to report their home address to identify
the Tertiary Planning Unit (TPU) in which their home
was located. The TPU system was developed by Hong
Kong Planning Department for the purpose of town
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planning. A TPU is the smallest census-based geographic unit used in Hong Kong. Hong Kong is divided
into 289 TPUs. Considering data precision, a TPU with
less than 1000 persons is merged with adjacent TPU(s).
A TPU has an average area of 5.34 km2 and the average
number of households and residents per TPU are 11,441
and 34,151, respectively [31].
This study was approved by the Survey and Behavioral
Research Ethics Committee of The Chinese University
of Hong Kong. The study protocol was in accordance
with the Declaration of Helsinki. Informed consent was
obtained from all participants.

Data analysis
To examine the factorial validity of the initial NEWSCC, a confirmatory factor analysis (CFA) was conducted
on the 38 items from the six subscales which use the
same 4-point Likert scale: aesthetics, land use mixaccess, street connectivity, walking facilities, crime safety,
and traffic safety. The other subscales (and 40 items), i.e.
land use diversity, recreational facilities, and residential
density, were not appropriate for CFA because (1) they
are either a check list of diverse destinations and facilities (subscales of land use diversity and recreational facilities), or are used for a formula to calculate residential
density (the subscale of residential density), so they do
not load on a latent factor; (2) the response formats of
items in these subscales are different from those in other
subscales. Due to the hierarchical nature of the data (individuals nested in TPUs), intraclass correlation coefficients (ICCs) were calculated for each NEWS-CC item
to determine whether a multilevel CFA or a single-level
CFA should be conducted. An ICC value larger than
0.10 indicates the need to do the multilevel CFA [23].
The CFA was conducted in two steps: first, the fit of
the a priori model for the NEWS-CC was examined.
The a priori model of the NEWS-CC adopted the sixfactor structure of the original NEWS-Y [24]; second,
the a priori model of the NEWS-CC was respecified if it
could not meet the criteria for an acceptable model fit,
i.e. no less than 0.90 for the comparative fit index (CFI),
the nonnormed fit index (NNFI), and the goodness-of-fit
index (GFI); no larger than 0.10 for the standardized
root mean squared residual (SRMR); and no larger than
0.06 for the root mean square error of approximation
(RMSEA) [32]. The 90% confidence intervals (90% CIs)
of the RMSEA were also reported [33]. Respecifications
of the models were guided by the LMTEST and Wald
Test at the item level with consideration of the theoretically meaningful interpretation of the respecification.
The CFA was conducted using EQS. 6.1 (Multivariate
Software Inc., 2004).
One-way model single-measure intraclass correlation
coefficients (ICCs) were calculated to examine the test-
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retest reliability of subscales and those individual items
comprising the subscale. The interpretation of ICC
values for reliability was: 0.00–0.20 as slight, 0.21–0.40
as fair, 0.41–0.60 as moderate, 0.61–0.80 as substantial,
and 0.81–1.00 as almost perfect reliability [34]. Items
with a test-retest ICC value of 0.40 or less were excluded
from the respecified NEWS-CC, resulting in the final
NEWS-CC. The CFA was performed on the final
NEWS-CC to re-examine its factorial validity.

Results
The final analytic sample comprised 953 children who
provided complete questionnaire data twice, among
which 426 were boys (mean age = 11.2 years, SD = 1.0)
and 527 were girls (mean age = 10.8 years, SD = 1.0).
Confirmatory factor analysis of the original NEWS-CC

The mean ICC value of the NEWS-CC items was 0.06
(SD = 0.07), and only three of 38 factor-analyzable items
had an ICC value larger than 0.10. This indicated that a
single-level rather than a multilevel CFA should be conducted. Meanwhile, the CFA was performed using the
within-TPU covariance matrix to control possible
between-TPU effects. A maximum likelihood estimation
was used in the CFA as the univariate skewness (< 2.0)
and univariate kurtosis values (< 7.0) of items were all
within an acceptable level [35].
The results of the CFA are shown in Table 1. The a
priori model of the original NEWS-CC consisted of 38
items loading on six latent factors (i.e. aesthetics, land
use mix-access, street connectivity, walking facilities,
crime safety, and traffic safety). The fit of the a priori
model of the NEWS-CC was poor with no model fit
index being met. The respecified model indicated a
seven-factor structure with an additional “pollution” factor being added and a within-factor error covariance
modeled. Nine items were excluded from the a priori
model, i.e. dogs/animals fouling, difficult to park in shopping malls, hilly streets, walking barriers, high crime rate,
too many vehicles, low traffic speed, speeding drivers, and
fresh air. The model fit of the respecified NEWS-CC was
acceptable in terms of the model fit indices of GFI, CFI,
SRMR, and RMSEA being met and the NNFI achieving
a marginal level (Table 1). For both models examined,
no cross-loading of items on factors was modeled.
Test-retest reliability of the respecified NEWS-CC

The respecified NEWS-CC consisted of 10 subscales and
69 items. The results of the test-retest reliability of the
respecified NEWS-CC are shown in Table 2. At the item
level, most items showed moderate to substantial levels
of reliability (range of ICC = 0.41–0.79). Two items with
poor reliability (E3 easy to walk to public transport,
ICC = 0.33 and F2 short distance between street crossings,
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Table 1 Results of CFA of the NEWS-CC
Model

χ2

df

GFI

CFI

NNFI

SRMR

A priori NEWS-CC

3039.2

687

0.78

0.66

0.63

0.087

0.064 (0.062–0.067)

Respecified NEWS-CC

872.0

355

0.93

0.91

0.89

0.053

0.042 (0.038–0.045)

0.18) were excluded in the final NEWS-CC. All subscales
in the final NEWS-CC indicated moderate to almost
perfect test-retest reliability with the ICC ranging from
0.47 to 0.86.
Confirmatory factor analysis of the final NEWS-CC

The full version of the final NEWS-CC therefore contained 67 items in 10 subscales including land use mixdiversity (20 items), recreational facilities (14 items),
residential density (6 items), aesthetics (5 items), land
use mix-access (2 items), street connectivity (2 items),
walking facilities (4 items), crime safety (6 items), traffic
safety (4 items), and pollution (4 items). The CFA was
conducted on the 27 items in the subscales of aesthetics,
land use mix-access, street connectivity, walking facilities, crime safety, traffic safety, and pollution to reexamine the factorial validity of the final NEWS-CC.
The model fit of the final NEWS-CC was better than
the respecified NEWS-CC in that all of the five model fit
indices were met (GFI = 0.94; CFI = 0.92; NNFI = 0.91;
SRMR = 0.053; RMSEA = 0.042, 90%CI: 0.038–0.045;
χ2(302) = 735.2). In the model of the final NEWS-CC,
one within-factor error covariance was included,
whereas no cross-loading of items on factors was modeled. As each latent factor measured a certain aspect of
the neighborhood environment believed to impact PA,
these factors were modeled as inter-correlated. As
shown in Table 3, moderate correlations were observed
between factors of aesthetics and street connectivity,
land use mix-access and street connectivity, street connectivity and walking facilities, land use mix-access and
traffic safety, street connectivity and traffic safety, and
walking facilities and traffic safety.

Discussion
This study adapted the NEWS-Y for Chinese children
(termed NEWS-CC), and tested the reliability and factorial validity of the NEWS-CC in a sample of Hong
Kong children. A 7-factor measurement model for the
NEWS-CC was identified. The test-retest reliability of
subscales and individual items in the final NEWS-CC
was moderate to good.
Development of the NEWS-CC

Previous studies in Hong Kong have also identified similar environmental attributes that potentially affect PA in
adults and seniors, such as aesthetics-related items dogs/
animals fouling, air pollution, and noise pollution, a

RMSEA (90%CI)

walking facility-related item covered sidewalks, crime
safety-related items homeless people and drug addicts
and/or prostitutes in neighborhood, and a traffic safetyrelated item bridge or tunnel help to cross the street [20,
36]. Garden on the roof or platform of buildings, a common Hong Kong attribute due to the high density of
buildings in Hong Kong, was an attribute that was not
addressed in previous studies.
Factorial validity of the NEWS-CC

The a priori model of the NEWS-CC hypothesized a sixfactor structure defined by the NEWS-Y and the fit of
the a priori model was poor. The final model of the
NEWS-CC identified a seven-factor structure with the
addition of a “pollution” factor and the exclusion of 11
items compared to the a priori model.
Several studies have investigated the factorial structure
of different versions of the NEWS in several countries/
regions [20, 23, 32, 37, 38]. Multilevel CFA has established a six-factor structure at the individual level and a
five-factor structure at the census block level of the
NEWS and the NEWS-A in American adults [23, 37]. A
similar six-factor structure was confirmed among female
seniors in America [38, 39]. A slightly different measurement model was identified for the Australian version of
the NEWS (7 factors at the individual level and 5 factors
at the census block level) [32]. In contrast to the factorial structure of the NEWS established in the Western
countries, a 12-factor structure was identified for the
adapted NEWS in Hong Kong seniors [20]. The inconsistency of measurement models of different versions of
the NEWS indicates the necessity of establishing the factorial validity of the NEWS in different locations and age
groups. To facilitate between-country comparisons,
some studies have attempted to establish countryspecific measurement models of NEWS among adults
[40] and adolescents [25]. Yet in children, no study has
examined the factorial structure of NEWS specifically
adapted for this age group.
The final measurement model of the NEWS-CC
encompassed seven latent factors including six factors
that overlapped with those in the NEWS-Y [24] and one
unique pollution factor. Construction of the pollution
factor was due to the weak association of four items (i.e.
smokers in the streets, fume from restaurants, noise from
worksite and much exhaust gas) with hypothesized aesthetics or traffic safety factors, and the relevance of the
meaning of these four items to air or noise pollution.
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Table 2 Test-retest ICCsa of subscales and individual items of
the respecified NEWS-CC

Table 2 Test-retest ICCsa of subscales and individual items of
the respecified NEWS-CC (Continued)

Subscale / Item

ICC (95%CI)

Subscale / Item

A. Land use mix-diversity

0.86 (0.84–0.88)b

2. interesting things

ICC (95%CI)
0.53 (0.48–0.58)

1. convenience store

0.61 (0.56–0.66)

3. beautiful natural sceneries

0.60 (0.55–0.64)

2. super market

0.68 (0.64–0.72)

4. beautiful buildings

0.54 (0.49–0.59)

3. hardware store

0.76 (0.73–0.79)

5. gardens on roof of buildings

0.52 (0.47–0.57)

4. public market

0.74 (0.71–0.77)

5. laundry

0.70 (0.66–0.73)

E. Land use mix-access

0.56 (0.50–0.60)b,d

1. easy to walk to shops

0.51 (0.46–0.56)
0.41 (0.18–0.59)

6. clothing store

0.71 (0.67–0.74)

2. easy to go to various places

7. post office

0.77 (0.74–0.80)

3. easy to walk to public transport

8. library

0.79 (0.76–0.82)

F. Street connectivity

0.33 (0.09–0.53)
0.47 (0.25–0.64)b,d

9. primary school

0.74 (0.71–0.77)

1. not many cul-de-sac

0.41 (0.19–0.59)

10. secondary school

0.71 (0.68–0.75)

2. short distance between street crossings

0.18 (−0.07–0.41)

11. bookstore

0.67 (0.63–0.70)

3. many alternative routes

0.54 (0.34–0.69)

12. fast food restaurant

0.68 (0.64–0.72)

13. coffee shop

0.67 (0.63–0.71)

G. Walking facility
1. sidewalks on most streets

0.54 (0.34–0.70)b
0.43 (0.21–0.61)

14. bank/finance center

0.62 (0.58–0.66)

2. sidewalks separated by parked cars

0.54 (0.34–0.69)

15. non-fast food restaurant

0.61 (0.57–0.65)

3. sidewalks separated by barriers or grass

0.69 (0.53–0.80)

16. video store

0.67 (0.63–0.71)

4. covered sidewalks

0.64 (0.47–0.77)

17. pharmacy

0.72 (0.69–0.75)

H. Crime safety

0.68 (0.63–0.71)b

18. hair salon

0.72 (0.68–0.75)

1. unsafe to be outdoors in evenings

0.41 (0.35–0.47)

19. any office/construction site

0.59 (0.54–0.63)

2. afraid of being outside alone near home

0.59 (0.54–0.63)

0.55 (0.50–0.60)

3. afraid of being outside with friends near home

0.56 (0.51–0.61)

0.80 (0.77–0.83)b

4. afraid of being outside on nearby streets

0.57 (0.52–0.61)

20. bus stop/MTR
B. Recreational facilities
1. Indoor leisure or sport facilities

0.50 (0.45–0.55)

5. afraid of being outside in nearby parks

0.60 (0.55–0.64)

2. Beach, lake, river or creek

0.62 (0.58–0.66)

6. people make me feel unsafe

0.47 (0.42–0.52)

3. Cycling/ hiking/ walking trail

0.57 (0.52–0.62)

I. Traffic safety

0.52 (0.47–0.57)b

4. Basketball court

0.71 (0.67–0.74)

1. good lighting in evenings

0.42 (0.36–0.48)

5. Other playground/ sports field

0.60 (0.55–0.64)

2. easy to see pedestrians or cyclists

0.60 (0.41–0.73)

6. YMCA

0.63 (0.59–0.67)

3. crosswalks or signals

0.50 (0.45–0.55)

4. bridges or tunnels

0.54 (0.49–0.59)

7. Youth Societies

0.62 (0.58–0.66)

8. Swimming pool

0.76 (0.73–0.79)

J. Pollution

0.69 (0.65–0.73)b

9. Jogging trail

0.65 (0.60–0.69)

1. much exhaust gas

10. Schools with sports fields open to public

0.48 (0.43–0.53)

2. smokers in streets

0.54 (0.49–0.59)

11. Sitting-out area

0.52 (0.47–0.57)

3. fume from restaurants

0.50 (0.44–0.55)

4. noise from worksite

0.58 (0.54–0.63)

12. Parks

0.64 (0.60–0.68)

13. Children’s playground

0.66 (0.62–0.70)

14. Open places (grass, sands, clay)

0.60 (0.55–0.64)

C. Residential density

0.66 (0.62–0.70)c

1. detached single-family houses

0.59 (0.54–0.63)

2. multi-family houses (1–3 stories)

0.64 (0.60–0.68)

3. apartments with 4–6 stories

0.62 (0.58–0.66)

4. apartments with 7–12 stories

0.58 (0.54–0.63)

5. apartments with 13–20 stories

0.67 (0.63–0.70)

6. apartments with > 20 stories

0.72 (0.69–0.75)

D. Aesthetics
1. trees

0.62 (0.57–0.66)b
0.56 (0.52–0.61)

0.54 (0.49–0.59)

a

: test-retest ICCs were calculated by one-way model single-measure
intraclass correlation coefficients;
b
: computing based on average score of items in the subscale
c
: computing based on the formula of
(C1 + C2*12 + C3*25 + C4*50 + C5*75 + C6*100) [20]
d
: the ICC value of subscale E (Land use mix-access) was calculated based
on items E1 and E2; the ICC value of subscale F (Street connectivity) was
calculated based on items F1 and F3

Air and noise pollution has also been previously indicated to be a distinct environmental attribute shared by
East Asian ultra-dense cities such as Hong Kong [36].
A total of 11 items were excluded from the a priori
model of the NEWS-CC. For the three items that originally loaded on the land use mix-access factor (i.e.
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difficult to park in shopping malls, hilly streets, and
walking barriers), a previous validation study of the
NEWS in adults similarly demonstrated their low factor
loadings on the land use mix-access factor at the individual level [23]. Subsequent validation studies of the
NEWS in adults in the USA and in Australia also treated
these items as single items at the individual level and indicated their independence from the land use mix-access
factor at the census block level [32, 37]. As children do
not drive cars and access to shops is easier for Hong
Kong children via public transport, it is easy to understand that parking difficulties won’t influence their perceptions of accessibility in this study. The terrain of
Hong Kong is extremely hilly with its elevation ranging
from 0 m to 957 m (Hong Kong Geographic Data. Lands
Department of Hong Kong), so the presence of hilly
streets and of stairs is very common in Hong Kong [20,
36]. However, due to the well-developed pedestrian
infrastructures that helps children overcome walking difficulties [41], hilly streets as well as other potential walking barriers (e.g., worksites, railway lines, and rivers) do
not necessarily impact children’s access to services.
As to items hypothesized to load on the traffic
safety factor (i.e. too many vehicles, low traffic speed,
and speeding drivers), the independence of items
measuring traffic speed (i.e. low traffic speed and
speeding drivers) from other items in the traffic safety
factor has been previously demonstrated in Hong
Kong [20], and independence of traffic load from the
traffic safety-related items has been documented in
Australia [32]. Hong Kong has a very heavy traffic
load compared to many other territories. Therefore,
infrastructures such as pedestrian crossings, traffic
signals, and bridges or tunnels, which effectively help
pedestrians to be free from traffic hazards, are very
popular in Hong Kong. Thus, although traffic load
and traffic speed are concerns for children and parents, given the highly developed pedestrian infrastructures, traffic load and speed features might not
impact children’s perceived traffic safety as much as
may otherwise be expected. Another reason might be
due to children not being able to provide accurate estimations of the “load” or “speed” concepts.
In contrast to existing studies that have established
factor structure of the NEWS in adults [20, 23, 37], high
crime rate was found to be independent from crimerelated items in this study. This item, contrary to other
crime-related items in the NEWS-CC, was asking about
a general “impression” of the crime nearby. Children
have more limited access to the media that may report
information of crime (e.g., TV, internet, newspaper) than
adults. Therefore, children may not have a clear perception of crimes that may have happened nearby. The
crime rate, although still being a concern, was not
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perceived by children as a safety issue that impacted
their PA behaviors.
Being a newly added item, dogs/animals fouling has
been previously identified as a unique environmental attribute of Hong Kong [20, 36] and was hypothesized to
load on the aesthetics factor. However, this item was
shown to be less relevant to aesthetics in this study. The
independence of animal fouling from other natural or
built aesthetics was supported by a study among Hong
Kong seniors [20]. As a matter of fact, dogs/animals
fouling does not necessarily co-occur with natural or
built aesthetics. Fresh air is another newly added item
that was found not to load on the hypothesized aesthetics factor or the newly identified pollution factor. This
item was asking about children’s general perception of
air quality and was not as visual and vivid as other items
measuring aesthetics or pollution in the NEWS-CC. In
addition, due to the limited residential area of Hong
Kong, the variability of responses to the general impression of the air quality was low compared to other aesthetics- or pollution-related items in the NEWS-CC.
Test-retest reliability of the NEWS-CC

The reliability test revealed poor reliability of two items
(i.e., easy to walk to public transport and short distance
between street crossings). The low reliability of these two
items might be attributed to their low response variability (SD = 0.63 and 0.65 respectively), as it was indicated
that restricted variability may lead to very low ICC
values [20]. Due to the compact streets and developed
public transport system of Hong Kong [41], it is not surprising that the response variabilities to these two items
were low.
Six items in subscales E to I showed relatively low ICC
values (i.e., between 0.4 and 0.5). Three items (i.e., not
many cul-de-sac, sidewalks on most streets, and good
lighting in evenings) are pertaining to children’s impression of objective surrounding environment. Owing to
the well-built street network and infrastructure in general, children had homogenous high response to these
three items (mean scores ranging from 3.14 to 3.23) thus
possibly reducing the ICC values. The other three items
(i.e., easy to go to various places, unsafe to be outdoors in
evenings, and people make me feel unsafe) are pertaining
to children’s subjective feelings. Meaning of “various
places” and feeling of “unsafe” may not be clear enough
to children. Even though children can understand the
question itself, they may not be able to give stable responses to these items. These items could be re-worked
to improve response reliability and further examined in
more diverse urban environments in future research.
At the subscale level, the overall reliability of the final
NEWS-CC in the examined sample was moderate to
good (ICC of subscales ranging from 0.47 to 0.86). These
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Table 3 Correlations between latent factors of the final NEWS-CC
Factors

Factor 1
(aesthetics)

Factor 2
(land use mix-access)

Factor 3
(street connectivity)

Factor 1

1

Factor 2

0.32

1

Factor 3

0.43

0.77

1

Factor 4

0.37

0.24

0.54

1

Factor 5

−0.11

0.10

0.01

−0.07

1

Factor 6

0.38

0.45

0.56

0.74

−0.14

1

Factor 7

0.26

−0.08

−0.08

− 0.03

0.19

− 0.02

results are similar to those reported for the NEWS-Y in
American adolescents (ICC of subscales ranging from
0.56 to 0.87) [24]. This supported the psychometric appropriateness of using this newly developed instrument
to measure the PA-related neighborhood environment
for Hong Kong children. Relative to other versions of
the NEWS examined in Hong Kong adults and seniors,
the reliability of the NEWS-CC was slightly higher than
the NEWS-CS in Hong Kong seniors (ICC of subscales
ranging from 0.37 to 0.77) [20], whereas the reliability of
both the NEWS-CC and the NEWS-CS was lower than
that reported for the Chinese NEWS-A in Hong Kong
adults (ICC of subscales ranging from 0.57 to 0.99) [42],
indicating that age-related cognitive abilities may contribute to the observed decline of response reliability
[20]. Compared to the NEWS-CC, a higher level of reliability (ICC of subscales ranging from 0.84 to 0.89) was
observed in a similar measurement of the neighborhood
environment in Hong Kong children (aged 9–14 years)
using a similar between-administration interval (10 days)
and the same self-administered method [18]. However,
this instrument used a shorter measure of the neighborhood environment consisting of only ten items in two
subscales, which suggested that the length of the questionnaire may potentially impact the response reliability [43].
Limitations

The present study has some limitations. First, urban
forms vary across China cities in spacial scale, population, economics, public services, infrastructure, and etc.
[44]. The results of this study may not be generalized to
other places that have disparate urban forms. Second,
concurrent validity of the NEWS-CC was not examined
in this study. Whether perceived environment assessed
by NEWS-CC reflects the environment correlated with
children’s PA behavior need to be further investigated by
future research. Third, although the NEWS-CC was
adapted specifically for children, relatively low response
reliabilities were observed for some NEWS-CC items.
This might be attributed to children’s limit cognitive
ability in fully understanding this lengthy questionnaire.
Future research may consider to develop an abbreviated

Factor 4
(walking facilities)

Factor 5
(crime safety)

Factor 6
(traffic safety)

Factor 7
(pollution)

1

version of the NEWS-CC which could be more readerfriendly to children and has the potential to improve the
response reliability.

Conclusions
The newly developed NEWS-CC possesses adequate factorial validity and test-retest reliability in a sample of
Chinese children. The results of this study provide evidence of psychometric properties that support the
NEWS-CC to assess PA-related neighborhood environment among children in China cities that share similar
urban forms with Hong Kong. Concurrent validity of the
NEWS-CC needs to be further examined in future
studies.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-021-10530-4.
Additional file 1.
Additional file 2.
Authors’ contributions
Original concept of the study was developed by GH and SHSW. The study
design was developed by GH, SHSW, JS, and WH. GH collected the data and
drafted the initial manuscript. WH and JS provided comments on statistical
analyses and manuscripts revision. All authors reviewed and approved the
final version of the manuscript submitted.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was approved by the Survey and Behavioral Research Ethics
Committee of The Chinese University of Hong Kong. The study protocol was
in accordance with the Declaration of Helsinki. Informed consent was
obtained from all participants.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests as defined by
BMC, or other interests that might be perceived to influence the results and/
or discussion reported in this paper.

He et al. BMC Public Health

(2021) 21:480

Author details
1
School of Kinesiology and Health, Capital University of Physical Education
and Sports, Beijing, China. 2Department of Sport, Physical Education and
Health, Hong Kong Baptist University, Kowloon Tong, Hong Kong, China.
3
Institute for Physical Activity and Nutrition, Deakin University, Melbourne,
Australia. 4Department of Sports Science and Physical Education, The
Chinese University of Hong Kong, Shatin, Hong Kong, China.
Received: 5 November 2020 Accepted: 18 February 2021

References
1. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I,
Katzmarzyk PT, Pate RR, Connor Gorber S, Kho ME, et al. Systematic review
of the relationships between objectively measured physical activity and
health indicators in school-aged children and youth. Applied physiology,
nutrition, and metabolism= Physiologie appliquee, nutrition et metabolisme.
2016;41(6 Suppl 3):S197–239.
2. Carson V, Hunter S, Kuzik N, Gray CE, Poitras VJ, Chaput JP, Saunders TJ,
Katzmarzyk PT, Okely AD, Connor Gorber S, et al. Systematic review of
sedentary behaviour and health indicators in school-aged children and
youth: an update. Applied physiology, nutrition, and metabolism = Physiologie
appliquee, nutrition et metabolisme. 2016;41(6 Suppl 3):S240–65.
3. WHO guidelines on physical activity and sedentary behaviour. In. Geneva:
World Health Organization; 2020. Licence: CC BY-NC-SA 3.0 IGO. [https://
www.who.int/publications/i/item/9789240015128]. Accessed 25 Jan 2021.
4. Zhang ZH, Li HJ, Slapsinskaite A, Zhang T, Zhang L, Gui CY. Accelerometermeasured physical activity and sedentary behavior in Chinese children and
adolescents: a systematic review and meta-analysis. Public Health. 2020;186:
71–7.
5. Liu Y, Tang Y, Cao Z-B, Zhuang J, Zhu Z, Wu X-P, Wang L-J, Cai Y-J, Zhang JL, Chen P-J. Results from the China 2018 report card on physical activity for
children and youth. J Exerc Sci Fit. 2019;17(1):3–7.
6. Tcymbal A, Demetriou Y, Kelso A, Wolbring L, Wunsch K, Wäsche H, Woll A,
Reimers AK. Effects of the built environment on physical activity: a
systematic review of longitudinal studies taking sex/gender into account.
Environ Health Prev Med. 2020;25(1):75.
7. Li X, Song J, Lin T, Dixon J, Zhang G, Ye H. Urbanization and health in
China, thinking at the national, local and individual levels. Environ Health.
2016;15(Suppl 1):32.
8. Ding D, Sallis J, Kerr J, Lee S, Rosenberg D. Neighborhood environment and
physical activity among youth a review. Am J Prev Med. 2011;41(4):442–55.
9. McGrath LJ, Hopkins WG, Hinckson EA. Associations of objectively measured
built-environment attributes with youth moderate-vigorous physical activity:
a systematic review and meta-analysis. Sports Med. 2015;45(6):841–65.
10. Lambert A, Vlaar J, Herrington S, Brussoni M. What is the relationship
between the neighbourhood built environment and time spent in outdoor
play? A systematic review. Int J Environ Res Public Health. 2019;16(20):3840.
11. An R, Shen J, Yang Q, Yang Y. Impact of built environment on physical
activity and obesity among children and adolescents in China: a narrative
systematic review. J Sport Health Sci. 2019;8(2):153–69.
12. 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):S99–S123.
13. Boarnet M. The built environment and physical activity. Empirical methods
and data resources. Transport Res Board Special Rep. 2003;282.
14. de Vet E, de Ridder DT, de Wit JB. Environmental correlates of physical
activity and dietary behaviours among young people: a systematic review
of reviews. Obes Rev. 2011;12(5):e130–42.
15. Ball K, Jeffery RW, Crawford DA, Roberts RJ, Salmon J, Timperio AF.
Mismatch between perceived and objective measures of physical activity
environments. Prev Med. 2008;47(3):294–8.
16. Loh VHY, Veitch J, Salmon J, Cerin E, Mavoa S, Villanueva K, Timperio A.
Environmental mismatch: do associations between the built environment
and physical activity among youth depend on concordance with
perceptions? Int J Environ Res Public Health. 2020;17:1309.
17. Hume C, Ball K, Salmon J. Development and reliability of a self-report
questionnaire to examine children's perceptions of the physical activity
environment at home and in the neighbourhood. Int J Behav Nutr Phys
Act. 2006;3:16.

Page 9 of 10

18. Huang YJ, Wong SH, Salmon J, Hui SS. Reliability and validity of
psychosocial and environmental correlates measures of physical activity and
screen-based behaviors among Chinese children in Hong Kong. Int J Behav
Nutr Phys Act. 2011;8:16.
19. Pikora T, Giles-Corti B, Bull F, Jamrozik K, Donovan R. Developing a
framework for assessment of the environmental determinants of walking
and cycling. Soc Sci Med. 2003;56(8):1693–703.
20. Cerin E, Sit CH, Cheung MC, Ho SY, Lee LC, Chan WM. Reliable and valid
NEWS for Chinese seniors: measuring perceived neighborhood attributes
related to walking. Int J Behav Nutr Phys Act. 2010;7:84.
21. Spittaels H, Foster C, Oppert J, Rutter H, Oja P, Sjostrom M, De
Bourdeaudhuij I. Assessment of environmental correlates of physical activity:
development of a European questionnaire. Int J Behav Nutr Phys Act. 2009;
6:39.
22. Saelens BE, Sallis JF, Black JB, Chen D. Neighborhood-based differences in
physical activity: An environment scale evaluation. Am J Public Health. 2003;
93(9):1552–8.
23. Cerin E, Saelens BE, Sallis JF, Frank LD. Neighborhood environment
walkability scale: validity and development of a short form. Med Sci Sports
Exerc. 2006;38(9):1682–91.
24. Rosenberg D, Ding D, Sallis J, Kerr J, Norman G, Durant N, Harris S, Saelens
B. Neighborhood environment walkability scale for youth (NEWS-Y):
reliability and relationship with physical activity. Prev Med. 2009;49(2–3):
213–8.
25. Cerin E, Conway TL, Barnett A, Smith M, Veitch J, Cain KL, Salonna F, Reis RS,
Molina-Garcia J, Hinckson E, et al. Development and validation of the
neighborhood environment walkability scale for youth across six continents.
Int J Behav Nutr Phys Act. 2019;16(1):122.
26. Riley AW. Evidence that school-age children can self-report on their health.
Ambulatory Pediatrics. 2004;4(4 Suppl):371–6.
27. Huang SJ, Hung WC, Sharpe PA, Wai JP. Neighborhood environment and
physical activity among urban and rural schoolchildren in Taiwan. Health &
Place. 2010;16(3):470–6.
28. World Health Organization. Process of translation and adaptation of
instruments. [http://www.who.int/substance_abuse/research_tools/transla
tion/en/]. Accessed 20 June 2020.
29. Flaherty JA, Gaviria FM, Pathak D, Mitchell T, Wintrob R, Richman JA, Birz S.
Developing instruments for cross-cultural psychiatric research. J Nerv Ment
Dis. 1988;176(5):257–63.
30. He G, Cerin E, Huang WY, Wong SH. Understanding neighborhood
environment related to Hong Kong children's physical activity: a qualitative
study using nominal group technique. PLoS One. 2014;9(9):e106578.
31. Census and Statistics Department of Hong Kong SAR. Hong Kong 2011
Population Census. [https://www.census2011.gov.hk/en/tertiary-planningunits.html]. Accessed 25 Jan 2021.
32. Cerin E, Leslie E, Owen N, Bauman A. An Australian version of the
neighborhood environment walkability scale: validity evidence. Meas Phys
Educ Exerc Sci. 2008;12(1):31–51.
33. Garnier-Villarreal M, Jorgensen TD. Adapting fit indices for Bayesian
structural equation modeling: comparison to maximum likelihood. Psychol
Methods. 2020;25(1):46–70.
34. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159–74.
35. Curran PJ, West SG, Finch JF. The robustness of test statistics to
nonnormality and specification error in confirmatory factor analysis. Psychol
Methods. 1996;1(1):16–29.
36. 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):937–45.
37. Cerin E, Conway TL, Saelens BE, Frank LD, Sallis JF. Cross-validation of the
factorial structure of the neighborhood environment walkability scale (NEWS)
and its abbreviated form (NEWS-A). Int J Behav Nutr Phys Act. 2009;6:32.
38. Starnes HA, McDonough MH, Tamura K, James P, Laden F, Troped PJ.
Factorial validity of an abbreviated neighborhood environment walkability
scale for seniors in the Nurses' health study. Int J Behav Nutr Phys Act. 2014;
11:126.
39. Starnes HA, McDonough MH, Wilson JS, Mroczek DK, Laden F, Troped PJ.
Factorial invariance of the abbreviated neighborhood environment
walkability scale among senior women in the Nurses' health study cohort.
Meas Phys Educ Exerc Sci. 2019;23(2):135–47.

He et al. BMC Public Health

(2021) 21:480

40. Cerin E, Conway TL, Cain KL, Kerr J, De Bourdeaudhuij I, Owen N, Reis RS,
Sarmiento OL, Hinckson EA, Salvo D, et al. Sharing good NEWS across the
world: developing comparable scores across 12 countries for the
neighborhood environment walkability scale (NEWS). BMC Public Health.
2013;13:309.
41. Cerin E, Sit CH, Barnett A, Cheung MC, Chan WM. Walking for recreation
and perceptions of the neighborhood environment in older Chinese urban
dwellers. J Urban Health. 2013;90(1):56–66.
42. Cerin E, Macfarlane DJ, Ko HH, Chan KA. Measuring perceived
neighbourhood walkability in Hong Kong. Cities. 2007;24(3):209–17.
43. Lavrakas PJ. Encyclopedia of survey research methods. Thousand Oaks, CA:
Sage Publications; 2008.
44. National Bureau of Statistics. 2018 China City statistical yearbook. Beijing:
China Statistics Press Co. Ltd; 2019.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

