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Abstract
Neighborhood environment and indoor environment are two main living environments to 
older adults during their daily life. Until now, many researchers have already paid attention 
to the improvement in the indoor environment for older adults, but few researchers notice 
that neighborhood environment also plays a critical role in the quality of life (QoL) of older 
adults, especially older adults who are aging in place. This article aims to explore the com-
plex inner relationship between neighborhood environment and QoL of older adults based 
on systematic literature review (SLR) and interpretative structural modeling (ISM). All 
neighborhood environmental factors related to QoL of older adults are searched, screened, 
quality assessed, counted, and then identified according to SLR protocol. Then, based on 
the questionnaire survey and the one-to-one interview, the ISM of all identified neighbor-
hood environmental factors is established to clarify the inner relationship among those fac-
tors in urban areas, and the role of each neighborhood environmental factor is analyzed by 
MICMAC analysis. This inner relationship among neighborhood environmental factors can 
provide valuable retrofit strategies of neighborhood environment to improve QoL of older 
adults efficiently.
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1 Introduction

Except for characteristics of an individual, living environment is regarded as a core aspect 
which closely related to residents’ health and activities (Putrik et  al. 2015). Due to the 
decline in physical function and mental health, older adults are more sensitive to their liv-
ing environment compared with other residents (Clarke and Nieuwenhuijsen 2009). Nowa-
days, the population of older adults keeps increasing worldwide. According to the predi-
cation from United Nations, the worldwide proportion of people that are 65 or older will 
increase from 7.7% in 2010 to 15.6% in 2050, and the proportion in China will reach 23.6% 
(United Nations 2015). Consequently, China must face a huge challenge of providing an 
appropriate and suitable living environment for all older adults wherever they live.

In terms of aging theory, the place where older adults choose to age contains two main 
types: One is aging in the professional care institution and the other is aging in place, such 
as their own familiar community or housing (Golant 2015). However, because of the high 
expense in professional care institutions and the primary moral principles to take care of 
aging family members in China (Li et al. 2017), Chinese government started to pursue the 
community-based home-care service instead of institutional services to ensure that at least 
97% of older adults can age in their homes and communities (Chen and Han 2016; Li et al. 
2017). Therefore, the whole surrounding neighborhood environment becomes crucial to 
old adults. Because of that, the Chinese government started a project called “renew existed 
communities” nationwide in 2015 to improve the living environment of all residents living 
in old communities (Zhao et al. 2017).

The living environment is complex as it contains many elements, such as interior 
design, lighting, open space, and social network, and each element is possible to influ-
ence older adults. Loo et al. developed a graphical framework of a multi-scale environment 
based on different spatial scales of individuals (Fig. 1). The micro-level living environment 
is their own homes that individuals spend more time in it compared with another environ-
ment. The meso-level living environment is the neighborhood or community area that is 
within 10-min walk distance or 500 m around. The macro-level living environment is not 

Fig. 1  Geographical framework 
of the multi-scale environment 
(Loo et al. 2017a)
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the same for everyone as it depends on individuals’ mobility (Loo et al. 2017a). Because of 
functional impairment and low mobility of older adults, most of their time is spent within 
micro- and meso-level living environments.

The meso-level living environment is also called neighborhood environment which is 
more complex for older adults in comparison with the micro-level living environment. 
Many researches have already been conducted to analyze the relationship between envi-
ronments and older adults. For instance, World Health Organization (WHO) published a 
practical manual called “How to use the ICF: A practical manual for using the Interna-
tional Classification of Functioning, Disability and Health (ICF)” to explain the interac-
tions between environments and old adults (WHO 2013). Components of neighborhood 
environments and their relationship with older adults have also been measured by research-
ers, such as the walkability and life quality of older adults (Loo et al. 2017b), accessibility 
and health of older adults (Granbom et al. 2016), sustainability of neighborhood environ-
ment and older adults (Jackie 2013), and social environment and physical activities of older 
adults (Chaudhury et al. 2012). However, there are rarely any researches that consider the 
neighborhood environment as a comprehensive system related to old adults and analyze the 
inner relationship of this system.

In this study, the quality of life (QoL) is chosen as the measurement of older adults’ life 
instead of health, physical activities, or satisfaction. One of the most acceptable definitions 
of QoL is proposed by the World Health Organization Quality of Life Group (WHOQOL 
Group) as “individuals’ perception of their position in life in the context of the culture and 
value system in which they live and in relation to their goals, expectation, standards, and 
concerns” (WHOQOL Group 1995). The QoL can cover core dominations of life assess-
ment, such as physical health, psychogenic health, and social life. Therefore, the objectives 
of this study are to identify core neighborhood environmental factors affecting the QoL of 
older adults, to analyze the inner relationship among identified neighborhood environmen-
tal factors in the context of urbanization, and, finally, to provide helpful strategies to build a 
better neighborhood environment for improving the QoL of older adults.

2  Research methodology

This study combines the systematic literature review (SLR), which identifies core neigh-
borhood environmental factors affecting QoL of older adults significantly, with the inter-
pretative structural modeling (ISM), which analyzes the inner relationship among core 
neighborhood environmental factors.

2.1  SLR method

SLR is a method to scientifically summarize and synthesize the literature by avoiding 
errors of literature selection and subjective factors (Kitchenham and Charters 2007). In this 
study, the SLR method is adopted to fully identify and summarize all neighborhood envi-
ronmental factors from previous related researches with a scientific, rigorous, and repeat-
able process.

There are several basic versions of SLR process, such as preferred reporting items 
for systematic reviews and meta-analyses (PRISMA) (Liberati et al. 2009) and Cochrane 
handbook for systematic review (Higgins and Green 2011). The basic process of 
Cochrane review—“define–search–select–assess–analyze” is appropriate for identifying 
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neighborhood environmental factors. However, some details need to be modified in this 
study since Cochrane review is usually used in the medical field which cannot be applied 
in this study directly. According to a version of the modified Cochrane review raised by 
Ahrentzen and Tural (2015), the main modifications adopted in this study are emphasized 
as follows:

(1) qualitative and mixed-methods studies were also included in addition to the quan-
titative studies, primarily randomized trials, which are the main focus of Cochrane 
Reviews; (2) instead of evaluating the effectiveness of particular interventions or 
clinical trials, this review explored the current evidence regarding the effects of 
neighborhood environmental factors on QoL from environment-, elderly- and QoL-
related fields; (3) instead of a statistical meta-analysis of existing research, a factor 
identification was presented for a more in-depth review of a small number of studies; 
and (4) in addition to providing a review of the existing evidence, this study also 
sought to define the knowledge gaps and future research directions.

2.1.1  Search protocol

To obtain complete and accurate literature, it is essential to choose suitable electronic data-
bases and set up search keywords. In this study, four main electronic databases are chosen 
to be the sources of literature as follows:

(a) Web of Science Core Collection (WOBCC), providing all high-quality articles indexed 
in SSCI, SCI, and A&HCI;

(b) MEDLINE, the most authoritative database in medical and biological fields;
(c) ELSEVIER, one of the biggest publishers in the world and its online database providing 

more than 2,000 journals related to both technology and medicine;
(d) EBSCO, also one of the biggest databases including several sub-databases.

Based on the objective of this research, three sets of search keywords are determined, and 
these three sets of keywords are used during a search in the topic category covering title, 
abstract, and keywords.

(a) “Neighborhood environment,” which contains all variations of community environ-
ment, neighborhood environment, residential environment, and living environment;

(b) “Elderly,” which includes older adults, senior, elderly, and older people;
(c) “QoL,” which includes quality of life, life quality, and life.

Besides, the article language is limited to English, and the publication time is set between 
1994 and 2018 for obtaining the literature of recent 15 years. The articles that do not qual-
ify for these restricted conditions will not be adopted in search results.

2.1.2  Screening protocol

The results obtained from the search process are not all focused on the neighborhood envi-
ronment and older adults. Thus, the screening process is conducted to remove these irrel-
evant articles with six steps as follows:
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(a) Duplicate elimination

One article might belong to multiple databases. For instance, the article published by 
ELSEVIER may be indexed by WOBCC. Thus, the duplicate elimination process is 
required to ensure that there are no duplicated copies in the results.

(b) Attributes screening

In this study, conference articles are not considered since the research might not be mature 
or complete. Review articles are also not considered since they usually summarize the 
previous studies. However, conference articles and review articles are not separate from 
research articles in the search results. Therefore, this step is required to remove all the con-
ference articles and review articles.

(c) Title screening

Title screening is required to filter these articles that are obviously not focused on neigh-
borhood environment by reading the title.

(d) Abstract screening

In order to check whether detailed objectives and conclusions of researches are related to 
our SLR, the next step is to obtain the research information from abstracts. The articles that 
do not mention the influence of neighborhood environment on older adults in the objec-
tives and conclusions have to be deleted.

(e) Full-text screening

In order to ensure the usability of the articles that are eligible for the above screening steps, 
downloading and reading the full texts of the articles is a necessary step to pick out the 
articles which cannot provide detailed neighborhood environmental factors.

(f) Reference screening

The references of remaining articles and the review articles identified in step (b) attribu-
tions screening are good supplements to target any missing eligible articles. Thus, in this 
step, all references are collected and screened again from the first step of the screening 
protocol.

2.1.3  Quality assessment (QA) process

After the search process and screening process, the remaining articles are all previous 
researches conducted on particular neighborhood environmental factors of QoL of older 
adults. However, even though all these articles were already published in peer-reviewed 
journals with a certain authority, the quality of articles is diverse. To select high-quality 
researches as final objects of the SLR, the quality assessment criteria proposed by Annear 
et al. (2014) are adopted in this SLR (Table 1). According to the contents of the articles, 



220 F. Zhang et al.

1 3

Ta
bl

e 
1 

 Q
ua

nt
ita

tiv
e 

an
d 

qu
al

ita
tiv

e 
as

se
ss

m
en

t p
ar

am
et

er
s (

A
nn

ea
r e

t a
l. 

20
14

)

NA
 n

ot
 a

pp
lic

ab
le

, N
R 

no
t r

ep
or

te
d,

 IN
 in

ap
pr

op
ria

te
 in

 th
e 

co
nt

ex
t o

f t
he

 st
ud

y

A
ss

es
sm

en
t p

ar
am

et
er

s
A

ss
es

sm
en

t s
co

re

0
1

2
3

Q
ua

nt
ita

tiv
e

Re
se

ar
ch

 d
es

ig
n

N
R

/IN
C

ro
ss

 se
ct

io
n/

qu
as

i-e
xp

er
im

en
ta

l d
es

ig
n

Lo
ng

itu
di

na
l

R
an

do
m

iz
ed

 c
on

tro
lle

d 
tri

al
Re

lia
bi

lit
y 

an
d 

va
lid

ity
 o

f m
ea

su
re

s
N

R
/IN

Re
lia

bi
lit

y 
an

d 
va

lid
ity

 o
f s

om
e 

m
ea

su
re

s 
as

ce
rta

in
ed

N
A

Pi
lo

t t
es

tin
g/

pr
io

r v
er

ifi
ca

tio
n 

of
 a

ll 
m

ea
su

re
s

Sa
m

pl
e 

si
ze

 a
nd

 re
pr

es
en

ta
tiv

en
es

s
N

R
/IN

Sm
al

l s
am

pl
e 

si
ze

Sa
m

pl
e 

si
ze

 >
 50

0 
(p

ow
er

 
re

qu
ire

m
en

ts
 n

ot
 

re
po

rte
d)

Re
pr

es
en

ta
tiv

e 
sa

m
pl

e 
(p

ow
er

 re
qu

ire
m

en
ts

 
re

po
rte

d)

Re
sp

on
se

 ra
te

N
R

/IN
<

 60
%

60
–7

9%
≥

 80
%

A
pp

ro
pr

ia
te

ne
ss

 a
nd

 st
at

ist
ic

al
 a

na
ly

si
s

N
R

/IN
G

en
er

al
ly

 a
pp

ro
pr

ia
te

, b
ut

 so
m

e 
in

co
ns

ist
en

-
ci

es
N

A
A

ll 
hy

po
th

es
es

 a
nd

 o
bj

ec
tiv

es
 a

de
qu

at
el

y 
ad

dr
es

se
d

C
on

tro
l o

f p
ot

en
tia

l c
on

fo
un

de
rs

N
R

/IN
N

A
N

A
Po

te
nt

ia
l c

on
fo

un
de

rs
 in

cl
ud

ed
 in

 th
e 

an
al

ys
is

Q
ua

lit
at

iv
e

Re
se

ar
ch

 d
es

ig
n

N
R

/IN
N

A
N

A
A

pp
ro

pr
ia

te
 to

 th
e 

ai
m

s o
f t

he
 st

ud
y

Sa
m

pl
in

g 
an

d 
re

cr
ui

tm
en

t s
tra

te
gy

N
R

/IN
N

A
N

A
A

pp
ro

pr
ia

te
 to

 th
e 

ai
m

s o
f t

he
 st

ud
y

Th
eo

re
tic

al
 fr

am
ew

or
k 

us
e

N
R

/IN
N

A
N

A
Th

eo
re

tic
al

 fr
am

ew
or

k 
fo

r m
et

ho
ds

 o
r d

es
ig

n 
pr

es
en

t
Ev

id
en

ce
 o

f r
efl

ex
iv

ity
N

R
/IN

N
A

N
A

Pr
ec

on
ce

pt
io

ns
 o

r m
et

a-
po

si
tio

ns
 a

re
 a

dd
re

ss
ed

R
ig

or
 o

f d
at

a 
an

al
ys

is
N

R
/IN

N
A

N
A

W
el

l-d
oc

um
en

te
d 

an
d 

sy
ste

m
at

ic
 p

ro
ce

ss
Va

lid
at

io
n 

of
 fi

nd
in

gs
N

R
/IN

N
A

N
A

Tr
ia

ng
ul

at
io

n 
an

d 
ve

rifi
ca

tio
n 

of
 re

su
lts



221Exploring the inner relationship among neighborhood…

1 3

the assessment score can be determined objectively. The articles with a score lower than 9 
will be removed from the SLR list.

2.1.4  Factor identification

Neighborhood environmental factors are collected directly from remaining articles after 
the QA process. It is easy to find three types of neighborhood environmental factors may 
exist in the process of the factor collection: (1) Some factors are considered as nonsig-
nificant factors of QoL of older adults in some articles, while as significant factors in other 
articles; (2) the relationship of some factors with QoL of older adults is regarded as a sig-
nificant factor by only a few articles; (3) some other factors affecting QoL of older adults 
significantly are supported by many articles. It is unreasonable to use all collected factors 
in the following analysis; thus, the further identification of factors is quite essential.

For picking out eligible and reliable factors, the frequency of these factors mentioned in 
remaining articles is chosen to apply in the factor identification. A neighborhood environ-
mental factor with higher frequency indicates that this factor is quite important to QoL of 
older adults, since more researchers think it is worthy to be studied. A neighborhood envi-
ronmental factor is regarded as both significant and nonsignificant factors of QoL of older 
adults, meaning that viewpoints on this factor are conflicting among different researchers. 
Only if majority articles support the significant influence of this factor on QoL of older 
adult, it can be recognized as a reliable factor affecting QoL of older adults significantly. 
Consequently, rules of factor identification are set as follows: (1) Only factors which be 
mentioned more than three times should be selected; otherwise, factors should be removed. 
(2) Check whether there are any selected factors with contradictory viewpoints. If any, only 
the factor with significant influence is supported by more than 80% of articles which men-
tioned it; this factor can be accepted; otherwise, this factor should be removed in factor 
identification.

2.2  ISM method

The neighborhood environmental factors were identified and collected based on the SLR. 
However, these factors are disordered, and their inner relationship is complex. Therefore, 
the ISM method was adopted to find the inner relationships and structures between the 
neighborhood environment and the QoL of older adults. Initially, ISM was a useful struc-
tural modeling method proposed by Warfield to analyze the complex socioeconomic sys-
tem (Warfield 1973). Later, ISM was introduced into other field as a process to develop a 
map of the complex relationship between the elements involved in a complex situation.

The main function of ISM is transferring an unclear and complex system into a visible, 
ordered, and well-defined one based on researchers’ and experts’ knowledge and experi-
ence (Sage 1977). Generally, the ISM process consists of several steps as follows (Yang 
and Yang 2015):

Step 1 Formulate a structural self-interaction matrix (SSIM) of elements to display the 
pair-wise relationship between neighborhood environmental factors.
Step 2 Develop a reachability matrix from SSIM and check the matrix for transitivity.
Step 3 Partition the reachability matrix into different levels.
Step 4 Perform MICMAC analysis and directed graph to conceptualize the ISM.
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3  Identification of neighborhood environmental factors: SLR

3.1  Results of searching, screening, and QA process

After the SLR analysis, 34 articles were kept. The detail results are given as follows:
In the search process, 328 articles were obtained from the four main electronic data-

bases based on the keywords “neighborhood environment,” “older adults,” and “QoL.” All 
articles were published between 1994 and 2018 in English.

In the screening process, 61 articles were removed in the duplicate elimination process. 
Sixteen conference papers and six review papers were removed in the attribute screening 
process. Forty-six articles were removed in the title screening process. One hundred and 
seven articles were eliminated in the abstract screening process. Fifty-three articles were 
removed from the list in the full-text screening process as no environmental factors were 
mentioned in these articles. Five articles were added to the reference screening process. 
After the screening process, 44 articles are eligible for the next QA process. In the QA pro-
cess, ten articles were removed from the list as they are scored less than 9.

Finally, Fig.  2 shows the whole search and screening process with the detail number 
of articles picked out in each step. And Table 2 lists all the initial factors related to QoL 
of older adults which are summarized from the conclusion of articles directly. We can 
find that these initial factors belong to different aspects of neighborhood environment. For 
instance, the barrier-free design, street connectivity, sidewalk, and crosswalk describe the 
physical neighborhood environment; natural problem is natural neighborhood environ-
ment; the social cohesion, social network, and neighborhood support emphasize the social 
neighborhood environment; the public space, public transport, and accessibility of facilities 
describe the facilities or services within neighborhood environment; and crime and traffic 
are related to safety within neighborhood environment.

3.2  General characteristics of examined researches

Table 3 summarizes the general characteristics of above 34 qualified articles in terms of 
research location, research type, and research quality. In research locations, four continents 
are covered including Asia, Europe, North America, and South America. In South Amer-
ica, there is only one research conducted in Columbia. The other three continents are all 
popular research areas, and North America is the most popular one.

In research quality, most researches use quantitative methods to explore how neighbor-
hood environmental factors influence the QoL of older adults, and only a few researches 
adopt the qualitative method. There are also two researches that combined quantitative 
method with qualitative one. Regression model and structural equation model are the lead-
ing quantitative methods to study the relationship in the 34 qualified articles. Although all 
the 34 qualified articles meet the QA requirements, they are not all in the same quality. 
One-fifth of the articles have the score of 14 or higher, and the rest are with lower scores.

3.3  Results of factor identification

However, not all the neighborhood environmental factors that are mentioned in the 34 qual-
ified articles (given in Table 2) have significant effects on QoL of old adults. For instance, 
the positive effect of street intervention on QoL of old adults is not supported by strong 
evidence (Curl et al. 2015), and Vogt et al. considered no clear connection between green 
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Fig. 2  Searching, screening, and QA process of the SLR
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1 3

space or senior center and the health aging (Vogt et al. 2015). Therefore, frequency statis-
tics of initial neighborhood environmental factors (given in Table 2) needs to be conducted 
for further identification.

Table 4 shows the results of frequency statistics and explanation of each initial neigh-
borhood environmental factors. In terms of the identification of standard mentioned in 
research methodology, 16 factors belonging to four main aspects are identified from the 
initial factor list—(1) physical and natural aspect: land-use mix (P1), barrier-free design 
(P5), street condition (P10), sidewalk condition (P13), natural environment (P16); (2) 
social aspect: peer/neighbor support (S2); (3) facilities/services aspect: accessibility of 
facilities/services (F1), public transport (F9), public space (F11), facilities/services related 
to health and security (F12), facilities/services related to physical exercise and recreation 
(F13), facilities/services related to daily life (F14); (4) physical safety and psychologi-
cal security aspect: traffic-related safety (PS1), crime-related safety (PS2), design-related 
safety (PS3), security (SS5). 

4  Inner relationship analysis: ISM

In order to explore the inner relationship among 16 identified neighborhood environmen-
tal factors (given in Table  5), ISM is used to establish this complex relationship model 
and transform it to a visual figure for future improvement in neighborhood environment. 
The complete ISM process includes data collection, model establishment, and MICMAC 
analysis.

4.1  Data information

The development of the ISM is mainly based on the experience and opinions of experts. 
For obtaining more complete and accurate inner relationship among neighborhood envi-
ronmental factors, 46 experts’ opinions about pair-wise influence relationships between 
any two neighborhood environmental factors were collected by the questionnaire survey 
through e-mail initially. Given that the situation of urban and rural areas is quite differ-
ent, it is difficult to get exactly consistent expert opinions about inner relationship in 

Table 3  Characteristics of 
examined researches

QT quantitative, QL qualitative, MIX quantitative and qualitative

Categories Types Number of 
researches

Research type QT 28
QL 4
MIX 2

Research location Asia 11
Europe 9
North America 14
South America 1

QA score 14–16 7
12–14 13
9–11 14
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both urban and rural areas. Thus, experts were asked to provide their opinions under the 
context of urbanization. These experts include professors in related fields, government 
officials in Bureau of Civil Affairs and Bureau of Housing and Urban–Rural Develop-
ment, leaders of non-governmental organizations (NGO) which provide services for 
older adults and the experts in real estate companies. The detailed information of these 
experts is given in Table 6.

According to the questionnaire survey, experts reach an agreement on majority of 
pair-wise relationships. However, experts’ opinions on minority of pair-wise relation-
ships between neighborhood environmental factors are conflicting. One-to-one inter-
views with experts are conduced to cope with this problem. Three types of experts are 
selected for one-to-one interviews: (1) experts who hold unique opinions; (2) experts 
whose opinions are supported by a few other experts; (3) one of experts whose opinions 
are similar to most experts. Finally, 12 experts are selected to be interviewed one to 
one for addressing contradictory opinions and ascertain exact inner relationship among 
neighborhood environmental factors. After two steps of questionnaire survey and one-
to-one interview, all pair-wise relationships between any two neighborhood environ-

mental factors can be confirmed.

Table 5  List of neighborhood environmental factors

Code Factors Code Factors

1 Land-use mix 9 Public spaces
2 Barrier-free design 10 Facilities/services related to health and security
3 Street condition 11 Facilities/services related to physical exercise and 

recreation
4 Sidewalk condition 12 Facilities/services related to daily life
5 Natural environment 13 Traffic-related safety
6 Peer/neighbor support 14 Crime-related safety
7 Accessibility of facilities/services 15 Design-related safety
8 Public transport 16 Security

Table 6  Description statistics of 
expert data

Category Type Percentage (%)

Age Under 30 19.57
30–40 34.78
40–50 28.26
Above 50 17.39

Occupation University 39.13
Government 17.39
Non-governmental organization 23.91
Real estate company 19.57

Region Asia 58.70
North America 21.74
Oceania 6.52
Europe 13.04
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4.2  ISM establishment

4.2.1  Structural self‑interaction matrix (SSIM) development

First, since pair-wise relationships among 16 identified factors are obtained from opinions 
of experts, the SSIM is developed by using four symbols to show these pair-wise relation-
ships. Four symbols represent different relationships as follows:

V: Factor i influences factor j;
A: Factor j influences factor i;
X: Factors i and j influence each other;
O: Factors i and j have no relationship.

So, the SSIM of 16 neighborhood environmental factors is given in Table 7.

4.2.2  Reachability matrix formation

In this stage, the SSIM should be transferred to the initial reachability matrix by replacing 
the four symbols in Table 6 by 0 and 1. The particular rules of replacement are: If D(i,j) of 
SSIM in Table 6 is shown with the symbol “V,” D(i,j) = 1 and D(j,i) = 0 should be assigned 
in the initial reachability matrix; if D(i,j) of SSIM in Table 6 is shown with the symbol 
“A,” D(i,j) = 0 and D(j,i) = 1 should be assigned in the initial reachability matrix; if D(i,j) 
of SSIM is shown with the symbol “X,” D(i,j) = 1 and D(j,i) = 1 should be assigned in the 
initial reachability matrix; if D(i,j) of SSIM is shown with the symbol “O,” D(i,j) = 0 and 
D(j,i) = 0 should be assigned in the initial reachability matrix. Table  8 shows the initial 

Table 7  SSIM of neighborhood environmental factors

V—factor i influences factor j; A—factor j influences factor i; X—factors i and j influence each other; O—
factors i and j have no relationship

Code(i, j) 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

1 O O O O V V V V V V O O O V O
2 V V O O O O O O O V O O V V
3 V O O V O O O O O V O A O
4 V V O O O O O O O V O A
5 O O O O O O O X O V O
6 V V V O O A O A O O
7 O A O A A A A A A
8 O O O V O O O O
9 O O V O O O O
10 V O V O O O
11 O O O O O
12 O O O O
13 V O O
14 V O
15 V
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reachability matrix obtained from the SSIM, showing all direct impacts among 16 neigh-
borhood environmental factors. Then, the transitive links of initial reachability matrix are 
checked to find other indirect impacts. The final reachability matrix given in Table  9 is 
obtained by incorporating the transitivity.

4.2.3  Level partition

From the final reachability matrix, the reachability set which includes the factor itself 
and any other factor it influences, the antecedent set which includes the factor itself 
and any other factors which influence it, and the intersection set which includes factors 
in both reachability set and antecedent set can be found (Sage 1977; Warfield 1974). 
Table 10 summarizes the detailed reachability set, antecedent set, and intersection set 
of neighborhood environmental factors according to the final reachability matrix. All 
neighborhood environmental factors are divided into different levels. This level partition 
indicates the basic position of each neighborhood environmental factor in this complex 
relationship network. The factors that are in high levels, such as Levels 1 and 2, can be 
easily impacted by other factors, while the factors in low levels, such as Levels 4 and 
5, are easier to influence other factors, and these factors provide the base in the whole 
relationship network.

4.2.4  Establishment of ISM

The results of processes above have already calculated inner relationship among neigh-
borhood environmental factors. The ISM (Fig.  3) is established in terms of detailed 
inner relationships. All the neighborhood environmental factors are divided into five 

Table 8  Initial reachability matrix

Code(i, j) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 0 0 1 0 0 0 1 1 1 1 1 1 0 0 0 0
2 0 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1
3 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1
4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1
5 0 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0
9 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0
10 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1
11 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
15 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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levels. The neighborhood environmental factors located in the higher level are influ-
enced by other factors more, while factors located in the lower level influence other 
factors more.

4.3  MICMAC analysis

It is still difficult to obtain the characteristics of each factor directly from the ISM (Fig. 3) 
without further analysis of their driving power and dependence. The MICMAC analysis on 
ISM can address this limitation by classifying all the factors into four clusters. MICMAC 
is regarded as an effective method to explore the specific roles in the complex relationship 
with QoL of older adults.

The driving power and dependence of neighborhood environmental factors were already 
calculated in the final reachability matrix (given in Table 8). As shown in Fig. 4, the neigh-
borhood environmental factors are presented in four quadrants. The function of the four 
quadrants is described as follows:

Quadrant I: Autonomous factors. Autonomous factors are with weak driving power and 
dependence. As shown in Fig.  4, public transport (code 8), facilities/services related 
to health and security (code 10), and facilities/services related to daily life (code 12) 
belong to this category; besides, street condition (code 3) and sidewalk condition (code 
4) which are on the boundary between quadrants I and II are also regarded as autono-
mous factors.
Quadrant II: Dependent factors. Dependent factors are with high dependence but low 
driving power. Accessibility of facilities/services (code 7), traffic-related safety (code 

Table 9  Final reachability matrix

Code(i, j) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Driving power

1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
2 0 1 1 1 0 0 1 0 0 0 0 0 1 0 1 1 7
3 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 4
4 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 1 4
5 0 0 1 1 1 1 1 0 1 0 0 0 1 1 1 1 10
6 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 5
7 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1
8 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 1 4
9 0 0 1 1 1 1 1 0 1 0 0 0 1 1 1 1 10
10 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 1 4
11 0 0 0 0 0 1 1 0 0 0 1 0 0 1 1 1 6
12 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 2
13 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 3
14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2
15 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 3
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Dependent power 1 1 5 5 3 5 14 2 3 2 2 2 7 7 8 14
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13), crime-related safety (code 14), design-related safety (code 15), and security (code 
16) are in quadrant II.
Quadrant III: Linkage factors. Linkage factors are with high dependence and driving 
power. The peer/neighbor support (code 6) is located on the junction point of four quad-
rants. Here, we consider it belonging to quadrant III.
Quadrant IV: Driving factors. Driving factors are with low dependence but high driv-
ing power. It is shown in Fig. 4 that land-use mix (code 1), barrier-free design (code 2), 
natural environment (code 5), public spaces (code 9), and facilities/services related to 
physical exercise and recreation (code 11) are in this quadrant.

In conclusion, the results of ISM present the complex relationship among neighborhood 
environmental factors, and MICMAC analysis divides these factors into four categories by 
driving power and dependence.

5  Discussion

The result of SLR identifies eligible neighborhood environmental factors, the result of ISM 
uses a structural model to present inner relationship among all identified factors, and the 
result of MICMAC analysis groups factors in terms of their attributes. Both ISM and MIC-
MAC analysis show that 16 identified neighborhood environmental factors play quite dif-
ferent roles when influencing QoL of older adults. This offers valuable strategies for future 
optimization of the neighborhood environment.

Fig. 3  Level partition and ISM of neighborhood environmental factors
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Among all factors, the most fundamental factor is the land-use mix, which belongs to 
the driving factor. In the ISM graph (Fig. 3), the factor of the land-use mix is in the bottom, 
which provides fundament to almost else neighborhood environmental factors. Since the 
land-use mix is generally determined by government land-use planning (Wu et al. 2018), 
it is rarely affected by other neighborhood environmental factors. From the reachability 
matrix (Table 8), it is concluded that the land-use mix factor can influence seven neighbor-
hood environmental factors directly. For instance, the land-use mix decides the present and 
location of facilities, as well as stations of public transport and public space within neigh-
borhood environment. Besides, there are also eight other factors that have indirect relations 
with the land-use mix, for instance, the accessibility of facilities/services is affected by 
its present and location (Ingram 1971), which are decided by land-use mix, so the acces-
sibility of facilities/services is influenced by land-use mix indirectly. Therefore, in order to 
improve QoL of older adults more efficiently, the government should pay more attention 
to the optimization of land-use mix with neighborhood environment at the very beginning 
and allocate more kinds of spaces, facilities, and public services located in the appropriate 
place for older adults.

In addition, barrier-free design, natural environment, public space, and facilities/ser-
vices related to physical exercise and recreation also belong to driving factors. Similar to 
the land-use mix, the barrier-free design is usually decided by designers or planners, so 
it cannot be changed by neighborhood environment. But the barrier-free design can help 

Fig. 4  MICMAC analysis of neighborhood environmental factors
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older adults avoid falling or other dangers and then improve the design-related safety when 
older adults move in communities (Yu et al. 2017; Parker et al. 2004). And a better barrier-
free design also makes older adult access facilities more easily, enhancing the accessibility 
of facilities (Wennberg et al. 2010). Moreover, the natural environment and public space 
can only be affected by each other because the presence of public spaces like green spaces 
or yards can improve the natural environment to a certain degree. On the other hand, a 
good natural environment can lead to a high quality of public spaces. The natural environ-
ment and public space factors provide a firm basis for several other factors directly and 
indirectly. Regarding facilities/service related to physical exercise and recreation, it can 
provide a place for older adults to communicate with each other and strengthen friendship 
(Yu et al. 2017) and then enhance peer/neighbor support. Thus, these four factors should be 
enhanced before considering another parts of neighborhood environment.

On the contrary, the major characteristic of the dependence factors is that it can be eas-
ily influenced by other factors but only influence a few other factors. The accessibility of 
facilities/services and security are the most dependent factors which are located on the 
top of the ISM graph. As mentioned above, the accessibility of facilities/services always 
depends on locations of facilities and distances to facilities (Ingram 1971). Besides, street, 
sidewalk, design, and traffic within neighborhood environment are also closely related 
to accessibility, since older adults prefer walking rather than other transportation modes 
(Feng and Yang 2015). Similarly, the security of neighborhood environment is decided 
directly by the detailed design, safety, supports, and related facilities within the neighbor-
hood environment and affected indirectly by other identified environmental factors (Chaud-
hury et al. 2012). Thus, even though the accessibility of facilities/services and security are 
quite important to QoL of older adults, they are hard to be improved directly.

It is shown in Fig. 4 that three factors of safety are dependence factors too, including 
traffic-, crime-, and design-related safety. But factors of safety have lower dependence 
power and higher driving power than factors of accessibility and security. Mainly because 
those three factors are determined by physical and social aspects of neighborhood envi-
ronment and facilities, such as street condition, security facilities/services, and barrier-free 
design, they can also provide security for older adults.

Besides driving factors and dependence factors, the remaining five factors that are in the 
middle of ISM graph belong to autonomous factors, including street condition, sidewalk 
condition, public transport, and facilities/services related to health and security, and daily 
life. The links of autonomous factors with dependence and driving factors are not strong 
enough. That means the autonomous factors are only influenced by a few specific driving 
factors; meanwhile, they affect few specific dependence factors. This part of neighborhood 
environment should not be neglected for offering a pretty high QoL to older adults.

Particularly, the only one linkage factor is peer/neighbor support, which is located in 
level 3 in ISM graph. Peer/neighbor support usually contains all the formal and informal 
supports from the neighborhood (Chaudhury et al. 2012). The formal support refers to this 
unorganized help or communication within the neighborhood, for instance, the elderly’s 
team of walking or running and the elderly’s team of square dancing which organize for-
mal activities every night. And the informal support means unscheduled help or commu-
nication with neighbors, such as hanging out with friends and meeting and talking with 
neighbors by chance. Both ISM graph and MICMAC analysis reveal that the neighborhood 
support links dependence factors and driving factors together. On the one hand, neighbor-
hood support can be affected by public spaces and facilities related to physical exercise and 
recreation where older adults can enhance their friendship by communication; on the other 
hand, crime against older adults and injuries of older adults will be reduced if older adults 
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are in company with their neighbors, so neighborhood supports can also help to enhance 
the crime-related safety and design-related safety.

In summary, the land-use mix, barrier-free design, natural environment, public space, 
and facilities related to physical exercise and recreation are the most crucial neighborhood 
environmental factors influencing QoL of older adults. Only these driving factors are opti-
mized at first; optimizing strategies on other parts of neighborhood environment can be 
effective. Besides, autonomous factors need to be considered and perfected as well, due to 
their impacts on accessibility, safety, and security of neighborhood environment. The only 
one linkage factor, the peer/neighbor support, should be encouraged for high-efficiency 
impacts of driving factors on dependence factors. At last, the accessibility, safety, and secu-
rity will increase significantly after conducting the optimization strategies on driving and 
autonomous factors.

6  Conclusion

For detecting the inner relationship among neighborhood environmental factors related to 
QoL of older adults, this study is composed of two main parts. One part is identifying 16 
key neighborhood environmental factors which affects QoL of older adults significantly 
based on the SLR method, and the other part is establishing the complex inner relation-
ship among identified neighborhood environmental factors and detecting the function of 
neighborhood environmental factors in the improvement in QoL of older adults by using 
the ISM method. The process of this article is strict and accurate with the combination of 
SLR and ISM method. According to findings, even though all 16 neighborhood environ-
mental factors have impacts on QoL of older adults, different factors play diverse roles 
in inner relationship within the neighborhood environment. Neighborhood environmental 
factors can be partitioned into four types: driving factors which affect other neighborhood 
environmental factors, including land-use mix, barrier-free design, natural environment, 
public spaces, and facilities/services related to physical exercise and recreation; dependent 
factors which are only influenced by other neighborhood environmental factors, including 
accessibility of facilities/services, traffic-related safety, crime-related safety, design-related 
safety, and security; linkage factors which not only affect other factors, but also are affected 
by another factors, including peer/neighbor support; autonomous factors which are inde-
pendent of other neighborhood environment, including public transport, facilities/services 
related to health and security, facilities/services related to daily life, street condition, and 
sidewalk condition.

Findings of this study can provide valuable retrofit strategies of neighborhood envi-
ronment to improve QoL of older adults efficiently. However, this study aims to propose 
a universal inner relationship among key factors of neighborhood and does not consider 
influences of locality differences on this inner relationship. In addition, this study does not 
propose a way to quantify this complex inner relationship among identified neighborhood 
environmental factors, since the ISM method cannot calculate the quantitative correlation 
coefficients among neighborhood environmental factors. Future studies will explore the 
inner relationship, in particular locations, compare its differences among different loca-
tions, and then propose a quantitative method to access inner relationship among neighbor-
hood environmental factors affecting QoL of older adults in detail.
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