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Abstract: Environmental correlates, barriers, and facilitators of physical activity, healthy eating, and
socializing are understudied in older immigrants to developed countries. This study devel-
oped/adapted and validated measures of perceived barriers and neighborhood environmental char-
acteristics related to these health-enhancing behaviors appropriate for older Chinese immigrants to
Australia and similar Western countries. Older Chinese immigrants living in Melbourne (Australia)
were recruited from neighborhoods varying in walkability and percentage of Chinese residents.
Versions of the Neighborhood Environment for Healthy Aging—Chinese Immigrants to Australia
(NEHA-CIA) questionnaire (20 subscales) and the Perceived Barriers to Health-Enhancing Behav-
iors questionnaire (four subscales) were developed from extant validated scales and information
collected in formative qualitative research. Thirty-one participants took part in cognitive interviews
aimed to pilot-test and refine the questionnaires. The modified questionnaires were administered
to 52 participants twice, two weeks apart. Test-retest reliability (intraclass correlation coefficients),
internal consistency (Cronbach’s at), and construct validity (associations with theoretically-relevant
constructs) were examined. Most items and subscales of both questionnaires had good test-retest
reliability and internal consistency, while the NEHA-CIA also showed good construct validity. Fu-
ture studies need to further examine the construct validity of the questionnaire of perceived barriers
and determine the factorial validity of both measures on large representative samples.

Keywords: walkability; food environment; immigrants; aging; socializing; neighborhood; Australia

1. Introduction

Physical activity, healthy eating, and socializing are key contributors to healthy ag-
ing. Regular engagement in physical activity and a healthy Mediterranean diet have been
associated with a reduced risk of premature death [1,2] and major chronic diseases in late
life including cancer [2,3], cardiovascular diseases [2,4], type 2 diabetes [5,6], and demen-
tia [2,7]. Additionally, older adults lacking social contacts tend to have difficulties recov-
ering from life threatening events [8] and be at increased risk of depression [9], cognitive
decline [7], and premature death [10].
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As with any health-enhancing behavior, physical activity, healthy eating, and social
engagement are shaped by a multitude of factors including socio-demographic character-
istics (e.g., ethnicity and sex), psychosocial factors (e.g., self-efficacy and enjoyment in the
behavior), and the social and physical attributes of one’s proximal (e.g., household) and
distal environments (e.g., community) [11]. Over the last 15 years, the neighborhood en-
vironment, in particular, has been identified as an important source of influences on older
adults’ health-related behaviors [12-15] and health [16-19]. This is because older people’s
reduced mobility and physical functionality make them more vulnerable to unfavorable
environmental conditions and more reliant on their local environment [17]. The impact of
the neighborhood environment is likely to be even greater for older immigrants due to
post-migration cultural differences and poor language proficiency limiting their inde-
pendence and mobility [20]. However, research on the effects of the neighborhood envi-
ronment on older immigrants” health-related behaviors such as physical activity, healthy
eating, and social engagement is lacking [20,21]. The dearth of research in this demo-
graphic group is at odds with global demographic trends reporting over 12 million more
older immigrants in developed regions in 2019 than there were in 1990 [22].

To examine the effects of the neighborhood environment on health-enhancing behav-
iors, appropriate exposure measures that capture sentinel aspects of the environment that
are relevant to a specific behavior, population, and geographical context are needed. En-
vironmental attributes are usually assessed using archival datasets analyzed with geo-
graphic information systems software, systematic observations (environmental audits)
and questionnaires. Whilst the first two methods provide objective data on the environ-
ment, questionnaires are used to collect data on the residents’ perceptions of their envi-
ronment. Each of these methods offers equally important complementary data that con-
tribute to the understanding of how the environment influences the behavior in question
[23,24]. Collecting information on perceived aspects of the neighborhood environment via
questionnaires is important because individuals differ in their perceptions and evalua-
tions of the same objective environment [23,24]. Additionally, people’s perceptions of the
environment are generally more strongly related to their behaviors than are objective
measures of the environment [12,24].

With a few exceptions (e.g., [25,26]), questionnaires gauging environmental attrib-
utes relevant to health-enhancing behaviors such as physical activity have been developed
for mainstream populations across various countries [27-29] or specific geographical con-
texts [30-32] and then applied to minority and immigrant populations [33-36]. This ap-
proach has advantages as well as disadvantages. Whilst it is important and useful to em-
ploy measures that allow for a comparison of findings across different ethnic and socio-
demographic groups [27], it is also necessary to acknowledge that minorities and immi-
grant populations may face unique challenges (e.g., language barriers [20,21]) and have
specific cultural needs (e.g., culturally-appropriate forms of physical activity [37]) that are
not captured by measures developed for the mainstream population and end up being
overlooked and left unaddressed [38]. Therefore, the development of questionnaires
gauging immigrants’ perceptions of universally important as well culturally and context-
relevant environmental characteristics impacting health-enhancing behaviors is an essen-
tial step toward the development of this research field.

This study aimed to contribute to addressing the lack of measures of perceived neigh-
borhood environmental attributes influencing older immigrants” health-enhancing behav-
iors by developing working versions of questionnaires appropriate for older Chinese im-
migrants to Australia (1) capturing aspects of the neighborhood environment potentially
important for the promotion of physical activity, social engagement, and healthy eating,
and (2) assessing perceived individual, social, and environmental barriers to engagement
in the same behaviors. We focused on the development of measures for older Chinese
immigrants to Australia because Australia is one of the developed regions with the largest
increases in older immigrants worldwide [39] and Chinese immigrants are the largest mi-
nority group of non-English-speaking background in Australia [40]. Furthermore, we
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aimed to develop measures targeting physical activity, healthy eating, and socializing be-
cause studies suggest that the promotion of these behaviors is important for the well-be-
ing of this population. Specifically, older Chinese immigrants to Australia have been
found to be less physically active than non-immigrants [41], even though older Chinese
living in their country of birth are typically much more active than their Australian coun-
terparts [42—44]. A similar pattern of findings has been observed with respect to fruit and
vegetable consumption (i.e., healthy eating) [41,45]. There is also evidence that older Chi-
nese immigrants to Western countries often suffer from depression because their age, low
level of language proficiency, cultural barriers, and relocation to an unfamiliar environ-
ment lead to social isolation [46-48]. In developing the aforementioned questionnaires,
we aimed to capture issues and factors that are idiosyncratic to older Chinese immigrants
to Australia as well as factors that are relevant to other socio-demographic groups and
geographical contexts to facilitate cross-cultural comparisons.

2. Materials and Methods

This study consisted of a qualitative and a quantitative stage. This study consisted of
a qualitative and a quantitative stage. The qualitative stage had two components: (a) de-
velopment of a list of items for each questionnaire based on extant validated question-
naires, published findings from NGT sessions [21], and expert panel knowledge; and (b)
refinement of questionnaires based on feedback obtained from cognitive interviews. In
the quantitative stage, item and (sub)scale test-retest reliability and, where appropriate,
(sub)scale internal consistency were examined. The study was approved by the Deakin
University Human Ethics Advisory Group, Faculty of Health (ref. no: 161-2014; 9 October
2014).

2.1. Participants

We recruited three purposive convenience samples of older Chinese immigrants (60+
years) from administrative units (Statistical Areas Level 1; SA1ls) in Melbourne (Australia)
varying in walkability and percentage of residents of Chinese background. This type of
stratified sampling strategy aimed to maximize the heterogeneity of the sample in terms
of levels of exposure to amenities (impacting on physical activity) [12,13], availability of
Chinese ethnic foods, and opportunities to socialize with Chinese-speaking residents. Ge-
ographic information systems (GIS) were used to first stratify SA1s into high (fourth quar-
tile) and low (first quartile) walkable areas based on a composite index representing the
sum of SA1s’ standardized scores of dwelling density, street intersection density, and land
use mix [43,49,50]. Using census data on ethnic composition, high- and low-walkable SA1s
were subsequently classified into areas with medium (5-10%) or high (>10%) prevalence
of Chinese residents to obtain four types of neighborhood: high walkable/high Chinese
prevalence (HW/HC), high walkable/medium Chinese prevalence (HW/MC), low walka-
ble/high Chinese prevalence (LW/HC), and low walkable/medium Chinese prevalence
(LW/MC) [21]. The selected SA1s were low-to-medium income with an Index of Relative
Advantage and Disadvantage (IRSAD) ranging from 4 to 7 out of 10 (70% with an IRSAD
of 5 or 6).

Participants were eligible if they were born overseas and ethnically Chinese, aged
60+ years, able to speak and read Chinese, cognitively intact (i.e., with no diagnosis of
mild cognitive impairment or dementia, and no significant perceived memory problems),
able to walk unassisted and resided in one of the pre-selected SA1ls. Recruitment was con-
ducted via several channels including advertisements in Chinese newspapers, presenta-
tions, and posters in community centers, churches, medical centers, and libraries. All re-
cruitment material was available in traditional and simplified Chinese as well as in Eng-
lish. Potential participants were invited to contact research staff (via email or phone)
speaking their preferred language (Cantonese, Mandarin, or English) to obtain further in-
formation about the study and for eligibility assessment. Eligible participants provided
written informed consent prior to participating in the study. Ninety-one participants took
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part in the nominal group technique (NGT) sessions [21] that informed the content of
questionnaire items, 31 in the cognitive interviews, and 52 in the quantitative stage of the
study. Table 1 shows the socio-demographic characteristics of the participants in the latter
two stages of the study, while the characteristics of the participants in the NGT sessions
have been reported elsewhere [21]. Sexes, various age groups, and neighborhood types
were well represented in both samples. The majority of participants were Mandarin-
speakers and living with adult children. A substantial proportion of them migrated to
Australia within five years prior to participating in this study.

Table 1. Participant socio-demographic and health-related characteristics by study stage.

Cognitive Quantitative

Interviews Stage
(n=31) (n=52)
n % n %
Neighborhood walkability High 18 58.1 22 423
Low 13 419 30 577
Neighborhood % Chinese Medium 11 355 24 462
High 20 645 28 538
Sex Male 13 419 20 385
Female 18 581 32 615
Age group 60-64 years 4 129 8 154
65-69 years 5 16.1 14 269
70-74 years 6 194 15 288
75-79 years 11 355 12 231
80+ years 5 16.1 3 5.8
Place of origin Shanghai municipality 7 226 15 288
Guangdong Province 1 32 12 231
Beijing municipality 7 226 3 5.8
Other areas @ 10 323 14 269
Hong Kong SAR 5 161 6 115
Taiwan 1 32 0 0.0
Other?® 0 00 2 3.9
Language spoken at home Mandarin only 25 806 32 615
Cantonese only 5 16.1 18  34.6
Other © 1 32 2 3.9
Residency in Australia <5 years 11 355 25 481
5-14 years 9 290 9 17.3
15-24 years 5 161 10 192
25+ years 6 194 8 15.4
Living arrangements Living alone 3 97 4 77
Living with others but not
adult children 12387 22 423
Living with adult children 16 51.6 26  50.0
Self-rated health Poor 1 32 4 7.7
Fair 16 516 19 365
Good 7 226 21 404
Very good 7 226 7 135
Excellent 0 00 1 1.9
Number of chronic health  None 9 290 20 385
conditions One 7 226 18 346

Two or more 15 484 14 26.9
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2 Other includes Chonggqing, Sichuang, Anhui, Fujian, Jiangsu, Shandong, Zhejiang, Heilongjiang,
Liaoning, Shanxi, Tianjin provinces/municipalities. ® Other includes Malaysia, Vietnam. < Other
includes English, Chiu Chau dialect, Shang Hai dialect, Southern Fujian dialect, Vietnamese, Tai-
wanese or any combination of these with Mandarin and/or Cantonese.

2.2. Procedures and Instruments
2.2.1. Qualitative Stage —Questionnaire Development and Translation

The aim of this study was to develop a self-administered questionnaire assessing per-
ceived neighborhood environmental attributes related to physical activity, social engage-
ment, and healthy eating (hereafter named ‘Neighborhood Environment for Healthy Ag-
ing-Chinese Immigrants to Australia’, NEHA-CIA), and self-administered questionnaires
assessing perceived individual, social, and environmental barriers to engagement in a spe-
cific behavior (physical activity, healthy eating, or social engagement) appropriate for
older Chinese immigrants to Australia. Two sources were used to generate a pool of po-
tential items for these questionnaires: (1) expert panel (research team) knowledge on rel-
evant extant published and unpublished questionnaires and studies; and (2) statements
collected in a formative qualitative study of older Chinese immigrants to Australia (NGT
component of this project presented elsewhere) on built and social environmental facili-
tators and barriers to engagement in physical activity, healthy eating, and socializing [21].

The questionnaires were developed in English, translated into simplified and tradi-
tional Chinese by two bilingual staff members (if Chinese versions of selected items were
not available), and back-translated in English by an independent bilingual researcher. Dis-
crepancies between the original and back-translated versions were reviewed and resolved
by the research team and translators. The content of the questionnaires is presented in
Tables 2 and 3 together with the sources of the items, relevance for a specific behavior,
and modifications made by the panel of experts (if any) prior to administering the ques-
tionnaires to study participants in cognitive interviews.

The working version of the NEHA-CIA included subscales/items from the Neighbor-
hood Environment Walkability Scale for Chinese Seniors (NEWS-CS) [32], which assesses
aspects of the neighborhood environment related to physical activity relevant to older
Chinese and is based on an extensively validated questionnaire (NEWS [27]) used in in-
ternational studies. NEWS-CS subscales that were selected for inclusion in the NEHA-
CIA were: (1) residential density; (2) land use mix-diversity (with minor modifications to
the content as explained in Table 2); (3) access to services, which was re-named general
access to services to distinguish it from subscales assessing access to specific destinations
(with minor modifications); (4) physical barriers to walking; (5) street connectivity; (6) in-
frastructure for walking, which was re-named infrastructure for pedestrians and to which
several single-item scales of the NEWS-CS were added (see Table 2); (7) indoor places for
walking; (8) aesthetics; (9) traffic and road hazards; (10) traffic speed; (11) social disor-
der/littering; (12) crime; and (13) safety —presence of people. All items of the NEWS-CS,
except for the residential density and land use diversity subscales, were assessed on a 4-
point Likert scale ranging from strongly disagree to strongly agree. The land use diversity
items were rated on a 5-point scale denoting the walking time needed to reach the nearest
destination of a certain type (e.g., bakery) from home, with responses ranging from 1- to
5-min to >30-min walking distance. Residential density items gauging the prevalence of
various types of residential buildings were rated on a 5-point scale ranging from none to
all. Ratings were weighted relative to the average residential density that a specific item
(residential building type) represented. The weighted ratings were summed to obtain a
total score.

Subscales from the NEWS-CS were included in the NEHA-CIA not only because they
assess factors related to physical activity, but also because some of these subscales/items
are potentially relevant to healthy eating [51-53] and socializing [54-56] (Table 2). For ex-
ample, the residential density subscale was included because residential density promotes



Int. |. Environ. Res. Public Health 2021, 18, 4531 6 of 27

active transportation [12] and may impact on social engagement by providing more op-
portunities to interact with others [57,58]. Furthermore, in the Australian context, high-
density neighborhoods with access to commercial services tend to have better access to
healthy food outlets [59]. Hence, in Australia, perceived residential density may also be
positively associated with healthy eating. Perceived proximity of various types of desti-
nations from home (land use mix-diversity) and access to services are also strong predic-
tors of older adults” active transport [12], overall physical activity [21,58] and socializing
[21], while food outlet proximity (e.g., fresh food market, supermarket, fast food restau-
rants) promotes a healthy diet [51].

Findings from NGT sessions on barriers and facilitators of health-enhancing behav-
iors in older Chinese immigrants to Australia [21] were used to develop several NEHA-
CIA subscales gauging behavior-relevant aspects of the environment not captured by the
NEWS-CS (Table 2). These included the following subscales: recreational facilities; physi-
cal food environment; destinations for socializing; transportation; and a social environ-
ment and communication subscale for each of the three behaviors. An item (“It is easy to
walk to a transit stop (bus, tram) from home”) from the NEWS-CS was also included in
the transportation subscale and a couple of items from the Multi-Ethnic Study of Athero-
sclerosis (MESA) [26] were included in the physical food environment subscale (“A large
selection of low-fat products are available in my neighborhood” and “The fresh fruits and
vegetables in my neighborhood are of high quality”). The 4-point Likert scale from the
NEWS-CS was used to rate the items of the newly developed subscales of the NEHA-CIA.

As to perceived barriers to engaging in specific behaviors, the expert panel identified
potential scales or items describing barriers to physical activity, healthy eating, and so-
cializing employed in studies on older Chinese [60,61] and other populations [62-68], and
complemented them with information gathered in the relevant NGT sessions as described
in Table 3. The items were rated on a 5-point scale ranging from never to very often and
indicated how often participants experienced a specific factor to be a barrier to engage-
ment in the specific behavior (physical activity, healthy eating, or socializing).

2.2.2. Qualitative Stage —Cognitive Interviews

The preliminary versions of the questionnaires described above were administered
to 31 participants taking part in standardized cognitive interviews (duration: ~60-90 min).
Cognitive interviews were conducted to understand the participants’ interpretation of the
questionnaire items and the way they decided to give a specific answer, and to establish
whether they could match their internally generated answers to the available response
categories [69,70]. After providing written informed consent, participants were randomly
assigned to one of the two questionnaires (NEHA-CIA or Perceived Barriers to Health
Enhancing Behaviors). Sixteen participants completed the NEHA-CIA, while 15 partici-
pants completed the Perceived Barriers questionnaire. Participants were asked to verbal-
ize their thought process while they were providing responses to the items. They were
also asked to explain the meaning of the items, response options, and how they selected
their answers to specific statements, and to identify difficult, unclear, or inappropriate
words, statements, or instructions. Finally, they were invited to identify any relevant as-
pect of the neighborhood environment or barrier to engagement in a specific health-en-
hancing behavior that was not included in the questionnaires. Interviews were audio-rec-
orded and transcribed verbatim. The findings from the cognitive interviews were used to
modify the questionnaires prior to implementing them in the quantitative stage of the
study.
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Table 2. Initial questionnaire items of perceived neighborhood attributes associated with physical activity, healthy eating, and socializing appropriate for older
Chinese immigrants to Australia: content, sources of items, and modifications prior to administration to participants (Neighborhood Environment for Healthy

Aging—Chinese Immigrants to Australia).

Subscales/Items Source

Behavior Af- Modifications to Subscale Prior to Administration to Participants in Cognitive

fected Interviews/Notes
General instructions NEWS-CS N/A None
Residential density [6 items] NEWS-CS PA,HE,S None
Land use diversity (distance to destinations) [30 items] =~ NEWS-CS PA,HE,S  Replaced item “Hong Kong Jockey Club betting branch” with “Lottery / betting outlet”.
New item [1 item]: NGT sessions PA, HE Added item to Land use diversity subscale. “Own garden/vegetable patch” was
- Distance of ‘own garden / vegetable patch’ from home identified as a destination for physical activity and a source of healthy foods.
General access to services [3 items] NEWS-CS PA,S None
Recreational facilities [4 items] NGT sessions PA, S New subscale developed based on NGT session findings suggesting that the num-
- The recreational facilities in my neighborhood are afforda- ber and affordability of recreational facilities, and the suitability of activities for
ble Chinese elderly influence the likelihood of participation in physical activity. As
- There are many recreational facilities in my neighborhood access to destinations that support group activities have been also reported to fa-
- Recreational centers in my neighborhood provide a vari- cilitate social engagement, this subscale is also deemed to be relevant to socializ-
ety of activities for the elderly ing.
- Recreational centers in my neighborhood have Chinese-
speaking instructors and volunteers
Physical food environment [2 items] MESA FE items HE New subscale. Two items taken from the MESA food environment scale without
modifications.
New items [8 items]: NGT sessions HE Eight new items added to the physical food environment subscale based on find-

- There are many grocery shops in my neighborhood

- Food outlets in our local area implement strict food and
hygiene policies

- Healthy foods cost too much

- Some food shops in my neighborhood have an organic food
section

- Foods sold in shops have Chinese food labelling indicating
whether the product is a healthy option

- There is an Asian grocery shop nearby

- Residents in my neighborhood can grow vegetables in
their own garden

- Some shops in my neighborhood sell fresh fruit and vege-
table juices

ings from NGT sessions indicating that having many grocery stores in the neigh-
borhood that implement strict hygiene practices and sell affordable Asian fresh
organic foods with Chinese food labelling would promote healthy eating in older
Chinese immigrants. Having the space and ability to grow one’s own vegetables
was also considered an important facilitator of healthy eating.
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Destinations for socializing [5 items]

- There is a Chinese senior club in my neighborhood

- Our neighborhood provides public housing for the elderly

- My neighborhood has many destinations and services
where people can meet

- There is a Chinese library in my neighborhood providing
a convenient meeting point

- There is a free Wi-fi in my neighborhood that makes it
possible for me to keep in touch with my friends and fam-
ily

Transportation [1 item]

New items [7 items]:

- Parking is too expensive

- Public transport is easy to use

- Buses, trains and trams provide clear information on the
next stop (stop name or number) so that I know when I
need to get off.

- Public transport in my area is infrequent

- Public transport services are too expensive

- Transit stop and public transport signage is poor (e.g.,
cannot read transit stop number or bus number)

- There is no convenient and affordable public transport to
get to/from grocery shops

Physical barriers to walking [3 items]

Street connectivity [2 items]

Infrastructure for pedestrians [7 items]

Indoor places for walking [2 items]
Aesthetics [4 items]

Traffic and road hazards [6 items]
Traffic speed [2 items]

Social disorder / littering [2 items]
Crime [3 items]

Safety—presence of people |2 items]

NGT sessions

NEWS-CS

NGT sessions

NEWS-CS
NEWS-CS
NEWS-CS

NEWS-CS
NEWS-CS
NEWS-CS
NEWS-CS
NEWS-CS
NEWS-CS
NEWS-CS

S

PA,S

PA, HE, S

PA,S
PA
PA,S

PA,S
PA
PA
PA
PA,S
PA,S
PA,S

New subscale developed based on findings from the NGT sessions identifying
places and facilities in the neighborhood that would facilitate social interaction in
older Chinese immigrants to Australia.

New subscale. One item taken from NEWS-CS without modifications.

Seven new items added to the transportation subscale. NGT sessions identified
public transport availability, user-friendliness and frequency as important factors
impacting on the ability to participate in physical and social activities. Affordable
and convenient public transport to/from grocery shops emerged as a facilitator of
healthy eating.

None

None

Merged the infrastructure for walking subscale of the NEWS-CS with four related
items including;: sitting facilities; easy access of residential entrance; bridge/over-
pass connecting to services; fence or grass strip separating the footpath and traffic.
None

None

None

None

None

None

None
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Social environment and communication—physical activ- NGT sessions PA,S
ity [2 items]

Our local volunteer organizations organize outdoor phys-
ical activity sessions

I can easily find information in Chinese on health, com-
munity policies and community services promoting phys-
ical activity in my neighborhood

Social environment and communication-healthy eating NGT sessions HE, S
[3 items]

There are people in my neighborhood who I can talk to
about healthy eating

Our local Chinese newspaper / magazine publishes infor-
mation on healthy eating

Our local community organizes talks on healthy eating in
Chinese

Social environment and communication—socializing [5 NGT sessions S
items]

Volunteers organize free-of-charge group activities for
Chinese elders in our neighborhood

Clinics, shops and other services in my neighborhood
have staff who can speak English and Chinese

Our neighborhood provides formal or informal opportuni-
ties for Chinese- and English-speaking older residents to
network

There are many Chinese-speaking residents in my neigh-
borhood

There are Chinese-speaking policemen in my neighbor-
hood

New subscale developed based on findings from the NGT sessions identifying so-
cial activities and communication channels that facilitate engagement in physical
activity in older Chinese immigrants to Australia.

New subscale developed based on findings from the NGT sessions identifying so-
cial activities and dissemination of information in the neighborhood that promote
healthy eating in older Chinese immigrants to Australia.

New subscale developed based on findings from the NGT sessions identifying
neighborhood demo- graphics and social activities in the neighborhood that pro-
mote socializing in older Chinese immigrants to Australia.

Notes. NGT = nominal group technique; N/A = not applicable; PA = physical activity; HE = healthy eating; S = socializing; NEWS-CS = Neighborhood Environment
Walkability Scales-Chinese Seniors; MESA FE = Multi-Ethnic Study of Atherosclerosis Food Environment.
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Table 3. Initial questionnaire items of perceived barriers to engagement in, physical activity, healthy eating, and socializing appropriate for older Chinese immi-
grants to Australia: content, sources of items, and modifications prior to administration to participants (Perceived barriers to Engaging in Health-Enhancing Behav-

iors questionnaire).

Subscales/Items Source

Behavior Modifications to Subscale Prior to Administration to Partici-

Affected pants in Cognitive Interviews/Notes

Perceived barriers to leisure-time physical activity Perceived barriers to PA PA

[14 items] NGT sessions

Item [1 item] ALECS study PA
- Air pollution
New items [6 items]: NGT sessions PA
- Lack of money

- Inability to communicate with others in English

- Lack of information on community activities

- Difficulties in getting to/from recreational destina-
tion (e.g., infrequent public transport)

- Being dependent on other family members and lack-
ing freedom

Perceived barriers to walking for transport [8

items]

Items [4 items]:

- Air pollution

- Physical barriers (e.g., steep hills) to destinations

- Traffic hazards

- Crime

Perceived barriers to healthy eating [9 items]

- Not enjoying eating healthy foods

- Healthy foods being too expensive

- Lack of time to prepare healthy foods

- Lack of energy/motivation to prepare healthy foods

- Lack of skills to plan, shop for, prepare or cook
healthy foods

Perceived barriers to PA PA

ALECS study PA

Pan-EU survey HE
NGT sessions

Merged items “lack of skills” and “lack of knowledge” .

Modified “Lack of facilities, space or places to walk” to “Lack of facili-
ties, community activities for Chinese, space or places to walk” based
on findings from NGT sessions.

Added “air pollution” as a barrier to engaging in outdoor physical
activity.

Six new items added to the scale of perceived barriers to leisure-
time physical activity. NGT sessions identified language barriers,
lack of information on physical activity opportunities, financial
dependence on the family and transportation difficulties.

Modified “Lack of facilities, space or places to walk” to “Lack of places
to walk to”.

Added environmental barriers to engaging in walking for
transport that were included in studies on Chinese older adults.

Provided more detailed description of factors included in a list of
barriers to healthy eating used in the Pan-EU survey (unappealing
foods; price; busy lifestyle; lengthy preparation; willpower; cook-
ing skills; healthy options unavailable; taste preferences of family
and friends) in line with findings from the NGT sessions.
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Lack of healthy options in food shops

Lack of friends’ support for healthy eating
Lack of partner’s support for healthy eating
Lack of children’s support for healthy eating

New items [3 items]: NGT sessions HE

Lack of information about a healthy diet in Chinese
Grocery stores are too far away from home

- Eating out

Perceived barriers to socializing [5 items] Various studies S
- Lack of good health NGT sessions

- Shyness / introversion

- Lack of time

Lack of motivation
Poor public transport

New items [6 items]: NGT sessions S

Inability to speak English

Lack of activity centers and facilities for Chinese el-
derly

Lack of Chinese-speaking people

Lack of information on events, meeting groups for
Chinese elderly

Lack of partner’s support for socializing

Lack of children’s support for socializing

Three additional items were included in the scale of Perceived
barriers to healthy eating. NGT sessions identified language barri-
ers, transportation difficulties and eating out as frequent barriers
to healthy eating among older Chinese immigrants to Australia.
Factors included based on findings from studies investigating bar-
riers to social engagement in older adults and refined based on
findings from NGT sessions. Poor health, lack of motivation, lack
of time, transportation problems and shyness/introversion have
been often identified as important factors impacting on social par-
ticipation.

Six additional items were included in the scale of perceived barri-
ers to socializing. NGT sessions identified several barriers related
to language and culture. Lack of support for socializing from fam-
ily members was also identified as a barrier to socializing among
older Chinese immigrants to Australia.

Notes. NGT = nominal group technique; PA = physical activity; HE = healthy eating; S = socializing; ALECS = Active Lifestyle and the Environment in Chinese

Seniors.
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2.2.3. Quantitative Stage — Test-Retest Reliability and Construct Validity

A quantitative study was conducted to assess the test-retest reliability, internal con-
sistency, and preliminary construct validity of the working versions of the NEHA-CIA
and perceived barriers subscales. Fifty-two participants were recruited for this stage of
the study as detailed above. They were asked to self-complete a paper-and-pencil socio-
demographic questionnaire and the newly developed questionnaires. The latter were ad-
ministered again two weeks after the completion of the first survey.

2.3. Data Analyses

Test-retest reliability of each item and subscale of the two questionnaires was esti-
mated using intra-class correlation coefficients (ICC) based on absolute agreement two-
way mixed effects models. To interpret the results of the ICCs, we used ratings in the
following categories: <0.20 (poor); 0.21-0.40 (fair); 0.40-0.59 (moderate); 0.60-0.79 (sub-
stantial); and >0.80 (excellent) [71]. We also computed percent agreement for items and
subscales with restricted variability (in this case, SD <0.5) and ICC <0.60 because low var-
iability may yield low ICC values even when the actual agreement between measure-
ments is high [32]. Items and subscales with restricted variability, low-to-moderate ICC
values, and percent agreement >75% were considered highly reliable, and those with per-
cent agreement 60-74% and low ICC values were considered moderately reliable [32]. To
establish whether there was a significant systematic change in subscale scores from the
first to the second assessment, paired t-tests were computed. When appropriate, that is,
when the scale was supposed to represent a unidimensional construct rather than an in-
dex [32], the internal consistencies of the subscales were estimated using Cronbach’s a
coefficient.

To examine the construct (convergent) validity of the NEHA-CIA subscales, we ex-
amined the associations between scores at the first assessments with the categorical (di-
chotomous) measures of area-level walkability (low vs. high) and/or prevalence of Chi-
nese residents (medium vs. high). These associations were estimated using generalized
linear models. The subscales measuring residential density, street connectivity and access
to shops, transportation, and food outlets were expected to be positively related with area-
level walkability (i.e., their scores would be higher in high- than low-walkable areas) be-
cause these characteristics are components of the walkability index used to select study
areas [31,72]. Items and scales measuring the availability of services in Chinese (including
ethnic Chinese foods) and the presence of Chinese-speaking residents and staff were ex-
pected to be related to area-level prevalence of Chinese residents. The construct validity
of the perceived barriers to health-enhancing behaviors subscales was examined by esti-
mating the association of scores at the first assessment with the scores on theoretically
relevant NEHA-CIA subscales (e.g., perceived barriers to healthy eating and physical food
environment) and objective environmental measures (binary indicators of walkability and
percentage of Chinese residents). All models were adjusted for participant age and sex.
Models of associations between perceived barriers to health-enhancing behaviors and per-
ceived environmental attributes (NEHA-CIA subscales) were estimated with adjustment
for length of residence in Australia because length of residence influence both sets of var-
iables [12,13].

3. Results
3.1. Cognitive Interviews

Findings from the cognitive interviews led to several modifications of both NEHA-
CIA and perceived barriers subscales, as evidenced in Table 4 and detailed in Table S1.
Participants needed to be reassured that there were no right or wrong answers and re-
minded that the questionnaire was about the current neighborhood in the host country
(Australia) rather than China. Most participants indicated that they needed to be often
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reminded of the researchers’ definition of neighborhood (e.g., in each or most items) and
noted that the meaning of the original anchors “somewhat agree” and “somewhat disa-
gree” were unclear to them. They preferred having to provide a more definite answer (i.e.,
“disagree” and “agree”). They also found it difficult to provide a response on the provided
4-point Likert scale to items that described features that were not present in the neighbor-
hood. For example, for items such as “Chinese clubs have limited resources and/or mem-
bership places”, they suggested that a “not applicable” response option be added. They
also suggested that a neutral response option (“unsure”) be added. While results from the
cognitive interviews led to the addition of only one new item to the NEHA-CIA question-
naire (Table S1), a substantial number of items (27) were modified to enhance clarity by
rewording them or providing an explanation for unclear terms as detailed in Table S1
(Supplementary Materials).

Table 4. Summary of modifications to questionnaires of perceived neighborhood attributes associated with, and perceived
barriers to engagement in, physical activity, healthy eating, and socializing for older Chinese immigrants to Australia
based on findings from cognitive interviews.

Questionnaire: Neighborhood Environment for Healthy Aging-Chinese Immigrants to Australia

1.

Added instructions to front page:

“Please remember that there are no right or wrong answers”; “Please keep in mind that the questions are about Australia and the current
situation in your neighborhood” .

Added instructions to each subscale:

“Please put a check mark “N” next to your answer (Please only use one check mark “N” for each question).”

Added instructions to all subscales except for Land use diversity”:

“Neighborhood or ‘easy to walk’ means within 1 km or 1015 min walking distance from where you live.”

“The statements below are about Australia and the current situation in your neighborhood.”

“Agree-means that you agree that the statement is true.”

“Disagree-means that you do not think that the statement is true.”

When appropriate, clarified in each item that “neighborhood” means “within 1 km or 10-15 min walking distance”.

Replaced rating scale anchors “somewhat agree” and “somewhat disagree” with “agree” and “disagree”. Added the response op-
tion “unsure” between “disagree” and “agree”.

Provided “Not applicable” as a response option, when appropriate.

Provided a definition / explanation / example / picture for words whose meaning was unclear to participants (e.g., healthy
diet; hardware store; Western non-fast-food restaurant).

Reworded items to improve clarity (e.g., changed “our local Chinese newspaper” to “our Australian local Chinese newspa-

per’).

v,

Added items to scales (e.g., two-dollar shop in the land use diversity subscale; subitems for distinct public transport modes
[bus, train, and tram] in the transportation subscale).

Questionnaire: Perceived Barriers to Engaging in Health-Enhancing Behaviors

Provided an explanation of the health- enhancing behavior examined in each section (e.g., “This section is about regular exercise,
including walking for recreational purposes (e.g., walking in leisure time, Tai-Chi, etc.).”

Changed instructions and item structure from “How often do the following prevent you from [engaging in a specific health-enhancing
behavior]? (Please circle the most appropriate answer—one response per question)”.

[Specific barrier]

1.

to:

Never Rarely Sometimes Often Very often
1 2 3 4 5

“Do the following reasons prevent you from [engaging in a specific health-enhancing behavior]?
Please circle the most appropriate answer—one response per question.”
Example: “[Specific barrier] [often] prevents me from [engaging in a specific health-enhancing behavior.”

Never
1

Rarely
2

Sometimes  Often Very often

3 4 5

Provided a definition / explanation / example for words whose meaning was unclear to participants (e.g., self-conscious about
my looks; lack of self-discipline; traffic hazards).
Provided “Not applicable” as a response option, when appropriate.
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3.2. Test-Retest Reliability and Internal Consistency

To enable comparison with studies that examined the reliability and validity of the
NEWS-CS [32], scores on the NEHA-CIA items rated on 5-point Likert scales were re-
coded to correspond to the original 4-point Likert scale [1 (strongly disagree) =1 (strongly
disagree); 2 (disagree) = 2 (somewhat disagree); 3 (unsure) = 2.5; 4 (agree) = 3 (somewhat
agree); 5 (strongly agree) =4 (strongly agree)]. Table 5 reports the findings of the test-retest
reliability analyses for each subscale of the NEHA-CIA and the Perceived Barriers to
Health-Enhancing Behaviors questionnaire, while item-level test-retest reliability anal-
yses are reported in Table S2. The reliability of the NEHA-CIA subscales ranged from
moderate (ICC = 0.59; social environment and communication—socializing) to excellent
(ICC =0.97; residential density), while the perceived barriers questionnaire showed sub-
stantial reliability with ICCs ranging from 0.70 to 0.77. Significantly different average
scores across assessments were observed only for three NEHA-CIA subscales (land use
diversity; physical barriers to walking; and traffic and road hazards), whereby more pos-
itive evaluations at the second assessment were observed for the latter two subscales.

At the item-level, test-retest reliability was more variable and ranged from fair (ICC
=0.32; item “Parked cars block the vision and make it difficult to cross the road”) to excel-
lent (ICC =1.00; item “Apartments with >20 storys) for the NEHA-CIA, and from moder-
ate (ICC = 0.45; item “Lack of children’s support for socializing”) to excellent (ICC = 0.91;
item “Being independent of other family members”) for the perceived barriers question-
naire (Table 52). Several items of the land use diversity subscale had significantly different
average scores at the two assessments and also lower levels of test-retest reliability (fair
to moderate). Most of the land use diversity items with significantly different average
scores across assessments tended to suggest that participants perceived shorter distances
to specific destinations (from home) at the second than the first assessment (Table S2).
Items (6 items) from other subscales of the NEHA-CIA with significantly different average
scores tended to show more favorable perceptions at the second assessment (e.g., clear
information on next train stop). Four NEHA-CIA items had inadequate (i.e., fair) levels of
test-retest reliability (Table S2). These were “Distance to the nearest swimming pool” and
“Distance to the nearest public toilet” (land use diversity subscale), “Shops in the neigh-
borhood selling fresh fruit and vegetable juice” (physical food environment subscale), and
“Parked cars block vision and make it difficult to cross the road” (traffic and road hazards
subscale). Deletions of these items from the relevant subscales did not lead to a significant
improvement in the test-retest reliability of the subscales.

Only three items of the perceived barriers questionnaires showed significant be-
tween-assessment differences in average scores. These were “Difficulties in getting
to/from recreational destinations” (lower scores in the second assessment), “Lack of time
to walk for transport” (higher scores in the second assessment), and “Lack of enjoyment
of healthy foods” (lowers scores in the second assessment). Deletions of these items from
the relevant subscales did not lead to a significant improvement in test-retest reliability of
the subscales.
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Table 5. Descriptive statistics, test-retest reliability, and internal consistency of measures of perceived neighborhood environmental attributes influencing, and
perceived barriers to engagement in, healthy behaviors for older Chinese immigrants to Australia.

Measure [Theoretical Range; Number of Items] M(SD) M(SD) ICC (95% CI) Cronbach a
[Assessment 1] [Assessment 2]
Questionnaire: Neighborhood Environment for Healthy Aging—Chinese Immigrants to Australia
Residential density [6-789; 6 items] 51.06 (8.93) 52.98 (9.58) 0.97 (0.94, 0.98) N/A
Land use diversity (proximity of destinations) # [1-5; 31 items] 2.48 (0.62) 2.53 (0.62) * 0.77 (0.65, 0.87) N/A
General access to services § [1-4; 3 items] 2.91 (0.52) 2.89 (0.47) 0.73 (0.58, 0.84) 0.87
Recreational facilities § [1-4; 4 items] 2.57 (0.87) 2.55 (0.83) 0.79 (0.65, 0.87) 0.72
Physical food environment § [1-4; 10 items] 2.57 (0.48) 2.58 (0.48) 0.80 (0.62, 0.89) 0.88
Destinations for socializing § [1-4; 5 items] 2.35(0.58) 2.35 (0.62) 0.95 (0.91, 0.97) 0.78
Transportation § [1-4; 18 items] 2.61(0.24) 2.62 (0.24) 0.78 (0.61, 0.87) 0.68
Physical barriers to walking § [1-4; 3 items] 2.35(0.41) 2.29 (0.39) * 0.89 (0.82, 0.94) 0.40
Street connectivity § [1-4; 2 items] 2.81 (0.44) 2.82 (0.41) 0.73 (0.56, 0.83) 0.81
Infrastructure for pedestrians § [1-4; 7 items] 2.66 (0.35) 2.63 (0.29) 0.75 (0.56, 0.85) 0.71
Indoor places for walking § [1-4; 2 items] 2.35(0.61) 2.31 (0.68) 0.77 (0.61, 0.87) 0.84
Aesthetics § [1-4; 4 items] 2.66 (0.41) 2.68 (0.48) 0.83 (0.72, 0.90) 0.75
Traffic and road hazards § [1-4; 6 items] 1.97 (0.28) 2.03 (0.30) * 0.79 (0.65, 0.88) 0.79
Traffic speed § [1-4; 2 items] 2.76 (0.50) 2.75(0.51) 0.67 (0.28, 0.91) 0.67
Social disorder / littering § [14; 2 items] 1.88 (0.37) 1.90 (0.24) 0.68 (0.50, 0.80) 0.44
Crime § [14; 3 items] 1.98 (0.49) 2.04 (0.42) 0.77 (0.63, 0.86) 0.77
Safety —Presence of people § [1-4; 2 items] 2.75 (0.53) 2.69 (0.53) 0.89 (0.81, 0.93) 0.80
Social environment and communication—Physical activity § [1-4; 2 items] 2.14 (0.60) 2.16 (0.65) 0.77 (0.68, 0.82) 0.73
Social environment and communication—Healthy eating § [1-4; 3 items] 2.51 (0.54) 2.54(0.43) 0.59 (0.10, 0.81) 0.64
Social environment and communication—Socializing § [1-4; 5 items] 2.36 (0.59) 2.33 (0.57) 0.64 (0.48, 0.74) 0.84
Questionnaire: Perceived barriers to engaging in health-enhancing behaviors
Perceived barriers to leisure-time physical activity [1-5; 20 items] 2.10 (0.48) 2.09 (0.46) 0.73 (0.53, 0.84) 0.86
Perceived barriers to walking for transport [1-5; 12 items] 1.95 (0.43) 1.94 (0.41) 0.73 (0.58, 0.84) 0.75
Perceived barriers to healthy eating [1-5; 12 items] 2.29 (0.67) 2.29 (0.70) 0.77 (0.61, 0.85) 0.84
Perceived barriers to socializing [1-5; 11 items] 2.45 (0.52) 2.46 (0.55) 0.70 (0.64, 0.74) 0.72

Notes. # Original scale reverse coded to represent proximity rather than distance. $§ Rescaled from a 5-point to a 4-point scale to allow comparison with previous

studies. * p < 0.05 (difference between means).
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All subscales of the perceived barriers questionnaire and most of the subscales of the
NEHA-CIA had adequate levels of internal consistency (Cronbach’s a > 0.70) (Table 5).
Somewhat lower than acceptable levels of internal consistency were observed for the
NEHA-CIA’s transportation, physical barriers to walking, traffic speed, social disor-
der/littering, and social environment and communication—healthy eating subscales.
However, most of these subscales had a small number of items (two or three).

3.3. Construct Validity

Table 6 reports the results of the analyses addressing the construct validity of the
NEHA-CIA and Perceived Barriers to Health-Enhancing Behaviors questionnaire. As ex-
pected, scores on the land use diversity (proximity of destinations), general access to ser-
vices, transportation, and street connectivity subscales were higher in more walkable
neighborhoods. However, contrary to expectations, residential density did not signifi-
cantly differ between low and high walkable neighborhoods. Other perceived character-
istics that were found to be statistically significantly higher in more walkable neighbor-
hoods were infrastructure for pedestrians, traffic and road hazards, and presence of peo-
ple. Weaker positive associations of physical food environment, indoor places for walk-
ing, and social environment and communication—healthy eating with neighborhood
walkability were also observed. Positive associations were found between the prevalence
of Chinese residents in a neighborhood and the following subscales of perceived neigh-
borhood characteristics: physical food environment, destinations for socializing, presence
of people, social environment and communication—Healthy eating and social environ-
ment and communication—Socializing.

Fewer significant associations were found between the Perceived Barriers to Health-
Enhancing Behaviors subscales and objective and/or perceived characteristics of the
neighborhood environment that were deemed to be potentially related to perceived bar-
riers to specific behaviors (Table 6). Specifically, perceived barriers to leisure-time physi-
cal activity were significantly negatively related to perceived access to recreational facili-
ties (Recreational facilities subscale of the NEHA-CIA), while perceived barriers to
healthy eating and to socializing showed weak negative associations with the physical
food environment and social environment and communication—socializing subscales, re-
spectively.
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Table 6. Associations of measures of perceived neighborhood environmental attributes influencing, and perceived barriers to engagement in, healthy behaviors for
older Chinese immigrants to Australia with theoretically-related constructs: construct validity analyses.

Measure [Theoretical Rangel] Theoretically-Related Construct b ICCO95%CI) p-Value
Questionnaire: Neighborhood Environment for Healthy Aging—Chinese Immigrants to Australia
Residential density [6-789] Walkability (ref: low) -3.35 -64.26, 57.57 0.910
Land use diversity (proximity of destinations) # [1-5] Walkability (ref: low) 042  0.09,0.75 0.013
General access to services § [1-4] Walkability (ref: low) 0.35 0.09, 0.62 0.010
Recreational facilities § [1-4] Walkability (ref: low) -0.02 -0.55,0.50 0.926
Physical food environment § [1-4] Walkability (ref: low) 026  -0.03,0.54 0.073
Percentage Chinese residents (ref: medium) 033  0.06,0.59 0.018
Destinations for socializing § [1-4] Walkability (ref: low) 0.09 -0.19,0.37 0.513
Percentage Chinese residents (ref: medium) 0.51 0.28, 0.74 <0.001
Transportation § [1-4] Walkability (ref: low) 0.18  0.05,0.32 0.009
Physical barriers to walking § [1-4] Walkability (ref: low) -0.05 -0.30,0.19 0.670
Street connectivity § [1-4] Walkability (ref: low) 0.02  0.003, 0.46 0.047
Infrastructure for pedestrians § [1-4] Walkability (ref: low) 025 0.09,0.41 0.003
Indoor places for walking § [1-4] Walkability (ref: low) 0.31  -0.05,0.66 0.086
Aesthetics § [1-4] Walkability (ref: low) 0.07 -0.18,0.32 0.601
Traffic and road hazards § [1-4] Walkability (ref: low) 0.18 0.01,0.35 0.040
Traffic speed § [1-4] Walkability (ref: low) 021  -0.09,0.51 0.164
Social disorder/littering § [1-4] Walkability (ref: low) 0.05 -0.17,0.27 0.633
Crime § [1-4] Walkability (ref: low) 012 -0.13,0.37 0.333
Safety —Presence of people § [1-4] Walkability (ref: low) 034 0.04,0.63 0.026
Percentage Chinese residents (ref: medium) 0.41 0.12, 0.69 0.006
Social environment and communication—Physical activity § [1-4] =~ Walkability (ref: low) 0.19 -0.15,0.53 0.262
Percentage Chinese residents (ref: medium) 028 -0.03, 0.60 0.075
Social environment and communication—Healthy eating S [1-4] Walkability (ref: low) 0.22 -0.03,0.47 0.077
Percentage Chinese residents (ref: medium) 0.27  0.04,0.51 0.025
Social environment and communication—Socializing § [1-4] Walkability (ref: low) 020 -0.14,0.53 0.243
Percentage Chinese residents (ref: medium) 0.77  0.50,1.03 <0.001
Questionnaire: Perceived barriers to engaging in health-enhancing behaviors
Perceived barriers to leisure-time physical activity [1-5] Walkability (ref: low) 012 -0.15,0.39 0.380
Percentage Chinese residents (ref: medium) -0.20 -0.47, 0.06 0.135
Recreational facilities [1-4] -0.24 -0.38,-0.09 0.002
Social environment and communication-Physical activity [1-4] -0.11  -0.32, 0.09 0.272
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Aesthetics [1-4] -0.15 -0.43,0.12 0.269
Perceived barriers to walking for transport [1-5] Walkability (ref: low) 0.16 -0.09,0.42 0.202
Percentage Chinese residents (ref: medium) 010 -0.14,0.34 0.402
Residential density [6-789] -0.001 -0.003, 0.001 0.373
Land use diversity (proximity to destinations) [1-5] -0.08 -0.27,0.11 0.398
General access to services [1-4] -0.05 -0.30,0.20 0.685
Recreational facilities [1-4] -0.11 -0.24,0.03 0.121
Physical food environment [1-4] -0.06 -0.30,0.19 0.640
Destinations for socializing [1-4] -0.15 -0.39, 0.08 0.186
Transportation [1-4] -0.08 -0.56, 0.41 0.747
Physical barriers to walking [1-4] 0.02 -0.28,0.33 0.885
Traffic and road hazards [1-4] -0.01 -0.42,0.40 0.965
Crime [1-4] 0.13 -0.14,041 0.318
Perceived barriers to healthy eating [1-5] Walkability (ref: low) -0.13  -0.53, 0.26 0.502
Percentage Chinese residents (ref: medium) -0.18 -0.57,0.21 0.355
Physical food environment [1-4] -0.35 -0.76,0.05 0.087
Social environment and communication—Healthy eating [1-4] -0.04 -0.51,043 0.872
Transportation [14] -0.33 -1.14,0.48 0.423
Perceived barriers to socializing [1-5] Walkability (ref: low) -0.15 -0.45,0.16 0.341
Percentage Chinese residents (ref: medium) -0.11 -0.41,0.19 0.463
Destinations for socializing [1-4] -0.11 -0.51,0.21 0.503
Social environment and communication—Socializing [1-4] -0.25 -0.51,0.02 0.068

Notes. # Original scale reverse coded to represent proximity rather than distance. $§ Rescaled from a 5-point to a 4-point scale to allow comparison with previous

studies. ref = Reference category.
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4. Discussion

Current trends and future projected increases in migration of aging populations to
developed countries [22] demand an investigation into the barriers and facilitators to
healthy aging faced by older immigrants. Among the various barriers and facilitators, at-
tributes of the neighborhood environment in the host country are of particular importance
not only because they may substantially differ from those of the home country, but also
because older immigrants are typically less mobile and more dependent on their local
community [20]. To examine these issues, culturally tailored, valid, and reliable measures
of factors impacting on older immigrants’ health-enhancing behaviors such as physical
activity, healthy eating, and socializing are needed. Hence, this study developed and ex-
amined the metric characteristics of self-reported measures of neighborhood environmen-
tal attributes and perceived barriers related to health-enhancing behaviors appropriate for
older Chinese immigrants to Australia.

4.1. Questionnaire Development and Adaptation

The newly-developed measures were based on extant validated questionnaires (e.g.,
NEWS-CS [32] and perceived barriers to physical activity [61,62]) as well as in-depth qual-
itative information provided by representatives of the target population [21]. However,
while the extant questionnaires previously used in older Chinese samples were inter-
viewer-administered and tailored to Cantonese-speaking older adults, those developed in
this study were self-administered. Since there are significant differences between spoken
Cantonese (a dialect spoken in Hong Kong) and written Chinese, the interviewer-admin-
istered versions of the NEWS-CS and perceived barriers questionnaire needed to be
adapted into written Chinese self-administered versions. Cognitive interviews suggested
that the newly-developed/adapted self-administered questionnaires were more challeng-
ing to complete than the original interviewer-administered versions [61] and required sev-
eral amendments to ensure that participants understood the questionnaire items and re-
sponse options. With regard to the NEHA-CIA, it is interesting that participants deemed
it necessary to be frequently reminded of the definition of neighborhood (10-15 min walk-
ing distance from home), the meaning of the response options “agree” (agree that the
statement is true) and “disagree” (do not think that the statement is true), and that the
items referred to their host (Australia) rather than home country. This was not necessary
for the interviewer-administered version of the NEWS-CS [32], from which the NEHA-
CIA was derived, probably because participants could ask questions during the interview
and interviewers were able to provide further clarifications if they perceived that the par-
ticipants misunderstood the instructions or items.

Of note is also the fact that participants suggested that, in the self-administered
NEHA-CIA, the originally proposed 4-point Likert response scale be replaced by a 5-point
Likert scale with a neutral (“unsure”) response option in the middle of the scale, and that
the word “somewhat” be omitted from the anchors “somewhat agree” and “somewhat
disagree”. Participants thought that the latter response options were unclear as they im-
plied a certain level of indecisiveness. Similar concerns were raised by members of an
expert panel who contributed to the development of the NEWS-CS [32]. However, as a
pilot study of the NEWS-CS indicated that the omission of “somewhat” from the anchors
might reduce the variability of responses, the developers of the NEWS-CS decided to use
the originally proposed 4-point Likert scale with the qualifier “somewhat”. Using the
qualifier “somewhat” was not considered problematic because the NEWS-CS was inter-
viewer-administered and participants could seek clarifications during the interview.

The questionnaires developed in the present study include many items that capture
aspects of the neighborhood environment, barriers, and facilitators that are relevant to
any population of (not only) older adults (e.g., lack of health, time, access to services),
some that are particularly relevant to older immigrants in general and others that are idi-
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osyncratic of older Chinese immigrants to Western English-speaking countries. For exam-
ple, the NEHA-CIA subscale gauging perceived public transport convenience, affordabil-
ity, and ease of use is bound to be particularly relevant to most groups of older migrants
from developing to developed countries because they are less likely to drive [73-75] and
often hesitate to rely on their working adult children for transportation purposes [21,73].
The same holds for items assessing the availability of free Wi-Fi and public housing for
the elderly given that older immigrants are often among the most socially disadvantaged
groups and financially dependent on their family [76,77]. Whilst items gauging the acces-
sibility or prevalence of Chinese food outlets, information in Chinese, and Chinese-speak-
ing residents, staff, officials, or formal and informal groups (e.g., clubs, volunteers) are
obviously specific to older Chinese immigrants, they can be easily adapted for use with
other ethnic groups of immigrants. An aspect of the physical food environment included
in the NEHA-CIA that is particularly idiosyncratic to older Chinese immigrants is having
food outlets with strict food and hygiene policies in the neighborhood [21]. Studies have
reported that Chinese residents viewed food safety as one of the most significant health
risks [78] because food safety has been and still remains a major concern in China [79].
Thus, it is not surprising that qualitative formative research underpinning the develop-
ment of the NEHA-CIA identified this issue as an important aspect of the neighborhood
physical food environment [21].

Items specifically relevant to older immigrants were also added to the Perceived Bar-
riers to Health-Enhancing Behaviors questionnaire. These included items assessing lan-
guage barriers to engaging in leisure-time physical activity and socializing, lack of infor-
mation on activities, and health-related behaviors in Chinese and dependence on, and lack
of support from, family members for engaging in specific health-enhancing behaviors.
While the inclusion of language-related items does not necessitate any justification, the
addition of items about family dynamics require some elaboration. As noted earlier, older
immigrants are often socially disadvantaged and dependent on working members of their
family (partner or children) [76,77]. This limits their mobility and freedom to participate
in various physical and social activities in the community [21,73,74]. Furthermore, older
immigrants’ disadvantaged socio-economic position and lower status in the household
may restrict their ability to eat healthy foods because younger income-earning family
members are more likely to adopt an unhealthy Western diet [80].

4.2. Metric Characteristics of Questionnaires

Substantial to excellent test-retest reliability was observed for virtually all subscales
of the NEHA-CIA and Perceived Barriers to Health-Enhancing Behavior questionnaire.
Additionally, adequate levels of internal consistency were found for most subscales with
the exception of physical barriers to walking and social disorder/littering, which consisted
of only two and three items. When compared to the interviewer-administered version of
the NEWS-CS, the self-administered NEHA-CIA showed higher levels of reliability. For
example, the ICCs for the residential density and street connectivity subscales of the
NEHA-CIA were respectively 0.97 and 0.73 in the present study, while the same subscales
of the NEWS-CS had ICCs of 0.72 and 0.58 [32]. These discrepancies may be due to the
different administration modes [81], clearer meaning of the response options for the self-
administered version, having the opportunity to spend more time filling out and memo-
rizing the self-administered version of the questionnaire, and/or to differences in environ-
mental settings. Prior studies comparing the test-retest reliability of self- and interviewer-
administered versions of questionnaires have reported contrasting results [82,83]. How-
ever, these studies did not have different response scales across administration modes.

Of note is the fact that the test-retest reliability of the NEHA-CIA residential density
subscale and its items was particularly high (ICC = 0.97). This may have been due the
restricted variability of residential buildings in the areas of Melbourne (Australia) selected
for this study. Most participants reported having only detached single-family and/or
multi-family houses in their neighborhood and only two out of 52 participants reported
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having a few >6 storey buildings. While the test-retest reliability of the all subscales of
both questionnaires was good, that of a handful of NEHA-CIA items was not acceptable.
Two of these items pertained to the perceived time needed to walk from home to the near-
est swimming pool and public toilet. Participants might have rarely visited or walked to
these destinations from home, making them unsure about their location in space. In a val-
idation study of the NEWS-CS, distance to the nearest public toilet was also one of the
items with the lowest test-retest reliability (ICC = 0.29) [32]. The other two items with in-
adequate repeatability were “Shops in the neighborhood selling fresh fruit and vegetable
juice” and “Parked cars block vision and make it difficult to cross the road”. Fresh fruit
and vegetable juice may not be a particularly popular purchasing item among older Chi-
nese immigrants and the number of parked cars on the road may substantially vary from
day to day. The latter item showed only moderate test-retest reliability in the validation
study of the NEWS-CS [32].

An interesting finding related to the NEHA-CIA was that participants tended to re-
port greater perceived distances to several destinations (from home) in the second than
the first assessment, which then also resulted in a significant between-assessment differ-
ence in average scores on the land use diversity subscale. Empirical evidence suggests that
people tend to underestimate the time needed to reach a familiar destination via a familiar
route [84,85]. It is possible that between the first and the second assessments, some partic-
ipants verified the time needed to walk from home to specific familiar destinations in-
cluded in the NEHA-CIA. This would have resulted in an increase in average estimated
walking time from the first to the second assessment. Alternatively, these (few) differences
might have occurred by chance as a substantial number of significance tests were per-
formed.

With regard to the test-retest reliability of the Perceived Barriers to Health-Enhancing
Behaviors questionnaire, only items of the leisure-time physical activity and walking for
transport subscales were examined in previous studies. Pilot testing of an interviewer-
administered version of these subscales in Hong Kong older adults resulted in ICCs rang-
ing from 0.65 to 0.75 [61], which are in line with those observed in the present study. Pre-
vious studies also found levels of internal consistency for the perceived barriers to leisure-
time physical activity subscale similar to this study, with Cerin and colleagues reporting
a Cronbach’s a of 0.79 [86].

Apart from providing support for the repeatability of the newly-developed question-
naires, this study also provides support for their construct validity. In fact, most NEHA-
CIA subscales measuring components of transport-related walkability (i.e., street connec-
tivity, general access to services, and land use diversity) were positively related to an ob-
jectively-determined walkability index. Cerin and colleagues [31] reported similar find-
ings for an Australian version of the NEWS administered to English-speaking adults.
However, while the earlier study found a positive association between the residential den-
sity subscale and a walkability index, the present study did not. This was likely due to
insufficient variability in residential building types in the study areas selected for the pre-
sent study. It is also noteworthy that, similarly to the study on the Australian NEWS [31],
we found positive associations between the walkability index and measures of access to
public transport, pedestrian infrastructure, and traffic hazards. Pedestrian infrastructure
and access to public transport are usually better, and traffic is usually heavier in destina-
tion-rich neighborhoods [31,50,87].

Further evidence of construct validity of the NEHA-CIA can be derived from a com-
parison of the average scores on the NEWS-CS subscales obtained from a sample of older
Hong Kong dwellers [32] with those of the corresponding subscales of the NEHA-CIA
found in the present sample of Melbournians. In 2016, the average population density in
Hong Kong was 6760 people/km? [88], while that in Greater Melbourne (Australia) was
472 people/km? [89]. When compared to Melbourne, Hong Kong is a much denser me-
tropolis with better access to a variety of services, transportation infrastructure, indoor
places for walking, and with lower levels of crime [32,90-92]. Mirroring these differences



Int. |. Environ. Res. Public Health 2021, 18, 4531 22 of 27

between the two cities, Hong Kong older adults had significantly higher scores on several
NEWS-CS/NEHA-CIA subscales than their Melbourne counterparts including residential
density (678 vs. 51 on a scale from 6 to 789), land use diversity (3.9 vs. 2.5 on a 5-point
scale), street connectivity (3.9 vs. 2.8 on a 4-point scale here and thereafter), general access
to services (3.9 vs. 2.9), infrastructure for walking (3.9 vs. 2.7), and transportation (3.9 vs.
2.6). They also had lower average scores on the crime subscale (1.3 vs. 2.0) [32].

Construct validity for the NEHA-CIA subscales measuring aspects of the neighbor-
hood food and social environments was supported by the positive associations between
these subscales and the percentage of Chinese residents in the neighborhood. It is plausi-
ble to expect that communities with a higher percentage of Chinese residents would have
better access to Chinese ethnic foods, media, and activities in Chinese, and Chinese-speak-
ing staff.

In this study, construct validity of the Perceived Barriers to Health-Enhancing Behav-
iors questionnaire was examined by estimating the associations between the various sub-
scales and objective and/or perceived environmental attributes that might be theoretically
related to behavior-specific barriers. Only a few weak associations in the expected direc-
tions were observed between perceived barriers to a specific behavior and perceived so-
cial and physical aspects of the neighborhood environment associated with the same be-
havior. For example, perceived access to recreational facilities was negatively related to
perceived barriers to leisure-time physical activity, a finding supported by previous stud-
ies [86]. The general lack of associations could be attributed to the fact that the perceived
barriers subscales included many items capturing individual-level personal factors such
as lack of motivation, time, enjoyment, and health unrelated to environmental factors. A
better test of the construct validity of the perceived barriers subscales would involve an
examination of their relationships with the behavior of reference.

4.3. Limitations and Future Research

This study has several limitations. It was based on a relatively small purposive sam-
ple of participants recruited from a limited number of demographically and physically
diverse but prevalently medium-income neighborhoods in metropolitan Melbourne. A
larger sample of participants from a larger number of socio-economically diverse neigh-
borhoods might have resulted in greater variability in responses and, hence, more power
to test the construct validity of the various subscales. It would have also enabled us to test
the factorial validity of the two questionnaires. Nevertheless, the current sample was suf-
ficiently large to examine the repeatability and internal consistency of the subscales [93],
which was the primary aim of the study.

This study did not collect information on individual-level socio-economic indicators
such as educational attainment and household income, which might have provided fur-
ther insight into the validity and appropriateness of the questionnaires. Data on house-
hold income were not collected because older Chinese immigrants are usually dependent
on their adult children [21] and our pilot work indicated that they might be unlikely to
know or be willing to report such information. Furthermore, since our study developed
self-administered questionnaires that required participants to be able to read and write in
Chinese, we did not collect information on their educational attainment and assumed that
they would have completed either primary or secondary education.

The fact that the transportation subscale of the NEHA-CIA had a relatively low level
of internal consistency despite consisting of a substantial number of items indicates that
it may not be unidimensional. Future studies would need to examine the factorial struc-
ture of this as well as other newly-developed subscales (e.g., destinations for socializing
and physical food environment) not included in previous versions of the NEWS. Future
studies will need to examine the metric characteristics of the NEHA-CIA and perceived
barriers questionnaire on a more representative sample of older Chinese immigrants re-
siding in various Australian cities. They also need to further examine the construct valid-
ity by estimating the associations with the target health-enhancing behaviors (physical
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activity, healthy eating, and socializing) and identify potential floor and ceiling effects. As
noted earlier, both questionnaires could also be adapted to other ethnic groups of older
immigrants to Australia and other Western developed countries.

The questionnaires we developed in this study contain a large number of items that
are relevant to adults and older adults in general, irrespective of their ethnicity, and a
smaller number of items that are specifically pertinent to Chinese older adults. This makes
it possible for future research employing relevant sections of the NEHA-CIA and Per-
ceived Barriers to Health-Enhancing Behaviors questionnaire to examine and compare
perceived neighborhood attributes and barriers to engagement in health-enhancing be-
haviors across older Chinese immigrants, other ethnic groups, and mainstream older ur-
ban dwellers in Australia. It also makes it possible to study between-group differences
and similarities in the explanatory power of perceived environmental attributes and bar-
riers in relation to the actual health-enhancing behaviors (physical activity, healthy eating,
and socializing). This information is important for the development of environmental and
public health interventions that equitably benefit various segments of the population.

5. Conclusions

We developed/adapted and preliminarily validated questionnaires appropriate for
older Chinese immigrants to Australia measuring perceived aspects of the neighborhood
environment affecting physical activity, healthy eating, and socializing (the NEHA-CIA),
and perceived barriers to the same health-enhancing behaviors. The questionnaires cap-
ture issues applicable to older adults in general as well as issues specifically pertinent to
older Chinese immigrants and can be potentially adapted to other ethnic groups of immi-
grants. Most of the subscales of the two questionnaires showed good test-retest reliability
and internal consistency, and the NEHA-CIA also displayed good construct validity. Fu-
ture research needs to further examine the construct validity of the perceived barriers to
health-enhancing behaviors questionnaire and test the factorial validity of both measures
in a representative sample of older Chinese immigrants.
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