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Abstract: With the global trend of population aging, how to integrate the health needs of elderly
people into public open space (POS) development while taking into account public interest is a
major challenge in the 21st century. Although the issues of elderly people’s health and their POS
needs are receiving increasing attention, research on continuous improvement strategies for POS for
healthy aging societies is still limited. Hence, this study explored continuous improvement strategies
thoroughly and systematically by using the DANP-V model. The findings revealed cognitive
differences between expert and elderly groups. Moreover, water features, waste management,
and co-maintenance spaces were the three criteria with the largest gap value. POS improvement
has previously been implemented based on a priority order ranked from the criterion with largest
gap value to the criterion with the smallest one. However, an alternative approach based on the
cause–effect relationship is proposed in this paper. The study findings have both theoretical and
practical implications for POS planners and designers.

Keywords: public open space (POS); healthy aging; continuous improvement strategies; DANP-V
model; cause–effect relationship

1. Introduction

Amidst increasing concern about urban populations’ health problems, researchers from a wide
range of disciplines have turned their attention to the underlying cause–effect relationships between
the urban built environment and public health [1–5]. With the global growth of elderly populations,
emphasizing the increasing needs of older people in considerations of the public interest presents a
novel challenge for the development of public open spaces in the 21st century [6]. Determining the
exact meaning of POS has not been a straightforward process, and many scholars have presented a
variety of restricted or distinct definitions. Most debate has focused on the following areas: the phrasing
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“land that has been developed for purposes other than building construction” is too general [7]; areas
meant for vehicle usage (roads or parking) cannot be incorporated into POS, but it is less clear whether
some roads (bicycle path, road verges, and pavements) that are not meant for motor vehicles should be
defined as POS; whether green spaces within urban areas or those on the edges of urban areas should
be included in POS; and whether the ownership of POS should be included in these considerations.
In this study, POS is defined as “space within the urban environment which is readily accessible to
the community regardless of its size, design or physical features and which is intended for, primarily,
amenity or physical recreation, whether active or passive” [7,8]. According to the World Health
Organization (WHO) [9], whether longevity benefits or burdens a society depends largely on the
health of the elderly population. Moreover, “Healthy Ageing” was proposed as a policy objective by
the WHO [10]. One of the sub-goals in the Global Strategy and Action Plan on Ageing and Health is
“providing safe, inclusive, and accessible public spaces for elderly persons” [10].

Continuous improvement is necessary to reduce the inadaptability of existing POS [8,11,12].
The main reasons include: (1) the limited availability of urban planning resources [13]; (2) changes in the
characteristics of different generations of elderly people [8]; and (3) the acceptable range of surrounding
change under the elderly’s sense of control [14,15]. Until recently, most studies on the health of
elderly people and POS have focused on the following themes: (1) providing credible evidence of the
relationship between the health of elderly people and the outdoor environment [16,17]; (2) identifying
the causal mechanisms underlying the aforementioned relationship [18–21]; and (3) identifying the
attributes of POS [13,22,23] that are likely to determine elderly people’s behavior and thereby affect
their health (such as deciding between whether to exercise outdoors or meet friends). However, it is
unclear which environmental factors are most significant and influential in determining the preferences
of elderly people regarding POS; the development of continuous improvement strategies and the
identification of improvement priorities that can enable healthy aging have yet to be explored.

Thus, this study explored systematic and continuous improvement strategies for POS that can
realize the aspiration level of achieving a healthy aging society. First, a bridge linking POS and healthy
aging—namely, sub-goals, causal mechanisms, behavior needs, and criteria (attributes/factors)—and
the pretest of indicators were used to determine the key evaluation criteria [24] of POS. Second,
the DANP-V model was used to evaluate contemporary POS. The DANP-V model is a hybrid technique
that combines the three techniques. The DEMATEL technique was applied to obtain an influential
network relationship map (INRM) for proposing some systematic thinking and the influential weights
(IWs) of the evaluation criteria according to a process termed the DEMATEL-based analytic network
process (ANP) or called “DANP” for realizing priority criteria. Thereafter, a modified VIKOR method
was applied to evaluate a POS in the campus of the Harbin Institute of Technology (HIT) with two
different groups (the experts and the elderly) for discovering problems, then the systematic and
continuous improvement strategies was developed. This POS is frequently used by elderly people,
is located in the inner city, and is representative of the increasing aging population in China; hence,
it was selected as an empirical case.

The results indicate that the cognition of the experts and elderly participants was somewhat
different. In addition, water features, waste management, and co-maintenance spaces were the three
criteria with the greatest gap values. According to conventional wisdom, POS improvement should
be implemented based on a priority order, starting with these three criteria with the greatest gaps.
However, according to the DANP-V method, POS improvement for promoting a healthy aging society
should be implemented from the perspective of the whole system, and implementation should start
from the cause–effect root of these three criteria, rather than from these three criteria themselves.
Therefore, high-quality vegetation should be the first priority for improvement in this study.

The rest of paper is organized as follows. In Section 2, previous studies (on POS, healthy aging,
continuous improvement strategies, and three potential mechanisms) are reviewed to determine
the evaluation attributes of POS, and the pretest of indicators, superiority of the DANP-V model,
and research procedure are shown. Section 3 describes the empirical case selection and data collection,
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followed by a discussion. The final section focuses on the crucial findings and discusses future
research directions.

2. Constructing Evaluation Attributes of POS and Research Procedure

This section is divided into six subsections. To construct the evaluation attributes of POSs, the
first subsection involves exploring the new challenges of POSs in the context of the global population
aging process; in the second subsection, the applicability and necessity of continuous improvement
strategies for POSs are discussed with a view to facilitating sustainable healthy aging; in the third
subsection, the approach to constructing environmental attributes is discussed in detail; then, the forth
subsection describes a pretest of these attributes to assess the validity of the indicators. To explain the
analysis method, the superiority of the DANP-V model for addressing specific issues and the whole
research process are shown in the fifth and sixth subsection severally.

2.1. New POS and Healthy Aging

Several studies have identified a relationship between outdoor environments and the health
status of populations [25]. This relationship is supported by changes in mortality, disease prevalence,
physical function, and mental health status in different environments [26]. Moreover, the relationship
between outdoor environment and people’s health is a recurring theme. According to Thompson’s
review [5], many scholars studied the relationship between the outdoor environment and human
health in the 18th century, when researchers tended to focus on the benefits obtained by social elites.
By contrast, recent studies on these issues have been based on an interconnected perspective involving
all levels of society [5]. The changing social and cultural attitudes toward the outdoor environment
can be attributed to increased emphasis on its being public; in this study, POS was regarded as a kind
of outdoor urban environments oriented toward the needs of the public.

The demographic aging trend has led to increasing demands for the needs of elderly people
to be more fully integrated into society, presenting challenges for the development of POS in the
21st century [6]. According to the WHO [9], the proportion of the global population aged over 60 years
will increase from 12% to 22% between 2015 and 2050. Longevity provides an opportunity to reassess
the extent of the benefits of this demographic transition, which will be heavily dependent on one key
factor, namely the health of the elderly population [9]. Thus, the WHO proposed the Healthy Ageing
project, which focuses on the process of developing and maintaining functional ability. Functional
abilities that enable well-being to be maintained in older age are determined by individual capacity,
the environment (with the physical environment being a crucial component), and their interactions [9].
For example, the goals of Global Strategy and Action Plan on Ageing and Health [10] is based on the
Sustainable Development Goals, one of which is to “make cities and human settlements inclusive, safe,
resilient, and sustainable by providing universal access to safe, inclusive, and accessible green and
public spaces, in particular for elderly persons.” The WHO [10] notes that POS are vital, even though
they exert indirect effects on health. Therefore, to achieve healthy aging, developing some “new” POS
based on existing open spaces for the elderly [6] is necessary.

The evaluation criteria used depend on the type of POS. According to purpose, it could be
classified as open spaces meant for environmental conservation or open spaces meant for recreation,
culture, and education. According to space form, it could be classified as the spaces to pass through or
the spaces in its own right [11]. The former ones include some spaces such as bicycle paths, footpaths
and pavements which are part of the urban fabric and attached to the motorway. The latter are the
spaces with their own sense of identity, including some block spaces such as parks, plazas, campuses
and also some linear features such as nature trails and cycle ways, which are physically separated from
the motorway. To identify the criteria and evaluate the indicators, the types of POS must be clearly
restricted. Thus, considering the goal of healthy aging, this study focused on POS that are of block
type and intended for recreational purposes.
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2.2. Continuous Improvement Strategies for POS for Healthy Aging

Establishing gradual and continuous improvement strategies has proven to be an effective and
intensive approach for developing POS for elderly people in the context of different aging population
characteristics and limited public health resources. Elderly people are undeniably more vulnerable
because of their declining health and functional status, financial strain, and social isolation [25,27,28].
Environmental barriers may prevent them from participating in outdoor activities, and they may also
experience negative feelings because of stress produced by the surrounding environment. So they
often expect changes to result in unfavorable environments. However, When environmental change is
beyond the adaptation level of elderly people, they may also feel uncomfortable or disturbed because of
the loss of the sense of control [14,15]. Furthermore, with changes in their socioeconomic and cultural
environments, their needs and expectations regarding outdoor spaces also change. Yung et al. [8]
emphasized that the POS needs of elderly people in Hong Kong with a higher education level and
higher income were different from those of elderly people from the last generation. Briefly, the
continuous improvement of POS is superior to one-time improvement because of the characteristics of
the elderly population.

From the perspective of available resources, all countries face major challenges when ensuring
that their health and social systems are well prepared for the aging process—particularly low- and
middle-income countries, which will account for 80% of the elderly population by 2050 according
to the WHO [9]. For example, China, which has the highest proportion of elderly people because
of its huge population base, is undergoing the demographic aging process before becoming rich;
this trend will definitely affect aging-related policies and program implementation nationwide [29].
The reasonable arrangement of limited resources is vital to such countries. Furthermore, to improve
POS by using limited resources, some scholars suggest that the needs and preferences of elderly people
should be evaluated first, and the priority and effectiveness of environmental interventions should be
then clarified [8,19]; this approach can improve the efficiency of resource input to achieve outcomes
that meet aspirations. Moreover, the identification of effective approaches to POS planning and design
enhances environmental equity, which is regarded as an essential factor in realizing an inclusive,
healthy aging society [8,19,30].

2.3. Mechanisms and Environmental Attribute Construction

Effect mechanisms can explain the health benefits of the environment for the elderly
population [25]. Therefore, using the mechanisms underlying the “health–environment” relationship is
very effective for discovering the physical environmental attributes of POS that are suitable for healthy
aging. According to the WHO, health is defined as a state of complete physical, psychological, and
social health and not merely the absence of disease or infirmity. Based on this definition, three potential
mechanisms have been mentioned frequently, namely outdoor physical activity, contact with nature,
and social interaction [19,31]. This study used these three potential mechanisms to discover correlative
environmental attributes of POS (Figure 1).

First, outdoor physical activity is considered to be a bridge linking the outdoor environment with
elderly people’s health. According to Sugiyama and Thompson [19], physical activity is associated
with various health benefits in elderly people, such as minimizing the physiological changes of
aging; preventing common chronic diseases; improving functional capability; enhancing sleep
quality; improving cognitive function; compensating for negative events; preventing depression.
Moreover, the underlying causes of these benefits including enhanced muscle strength, aerobic
capacity, balance, and flexibility; increasing cerebral blood flow; increasing exposure to naturalistic
light; and increasing neurotransmitter levels (details showed in Figure 1). Overall, abundant evidence
indicates that participation in regular physical activity has substantial benefits for elderly people’s
physical health [32,33]. Thus, POS is necessary to enhance the mobility of elderly people and
reduce the probability of falling (Figure 1). For the mobility dimension, six evaluation attributes
have been identified from the POS design literature, as follows: legibility [8,34,35], interior to



Sustainability 2017, 9, 420 5 of 29

exterior connection [8,23,34], barrier-free sidewalks [13,25,35], route patterns [8,13,34], sufficient
lighting [8,23,34], and traffic calming [9,22,34].

Second, the mechanism of contact with nature also plays a crucial role in linking health
benefits with the outdoor environment, as demonstrated by adequate and strong evidence [5,36,37].
Maller et al. [38] observed that contact with nature promotes health and well-being, as indicated by
positive effects on blood pressure, cholesterol, “outlook on life,” and stress reduction. De Vries [39]
reported that the possible reasons for the positive effects include improvement in air quality, stimulation
of physical activity, facilitation of social contacts, and restoration and reduction in stress. Among
them, stress reduction provides the most plausible and comprehensive explanation [40]. Therefore, the
health benefit of contact with nature is mainly related to psychosocial health, which is consistent with
previous stress reduction theories such as Ulrich’s psycho-evolutionary theory and Kaplans’ attention
restoration theory [5]. According to the aforementioned discussion, POS is assumed to improve
elderly people’s health by providing natural elements with a pleasing appearance and organized
surroundings for relaxation [8,22] (Figure 1). Therefore, an aesthetically pleasing appearance is a
primary consideration in the dimension of contact with nature, which includes the crucial criteria of
high-density vegetation [13,34,41], high-quality vegetation [11,23,34,42,43], water features [13,42,43],
waste management [8,11,13,23,34,35,43], natural art design [22,34,44], and microclimate [11,23,42].

Third, social interaction is a significant mechanism underlying the relationship between
environmental interventions with POS and elderly people’s social health; social interaction can reduce
the risk of dementia and depressive symptoms and enhance the sense of value, purpose, identity,
attachment, as well as the sense of safety from crime [19]. Aging is a process associated with gradually
declining social roles and the increasing possibility of social isolation. Social isolation negatively
affects health and increases the mortality rate [45]. POS can reduce social isolation and provide
an appropriate place for social interaction in which environmental factors have a positive effect on
informal social contact among neighbors [46] (Figure 1). This observation is also consistent with
Greenbaum’s prediction that some informal social contacts (such as high-frequency visual contact,
greeting) can help stronger social ties grow [47]. More importantly, numerous studies have indicated
that some environmental attributes can promote these informal social behaviors. According to Zeisel
and Griffin (1975), elderly people prefer to sit close to active places, such as sidewalks, to observe
their environment. Thus, it is crucial to properly arrange seating with right-angled, appropriate
canopies [11], and seats on pathways [13] for this purpose. The availability of accessible community
resources also affects elderly people’s health [25]. Therefore, access to life facilities enables elderly
people to combine walking with other daily social activities, which can intensify their visual contact
and greeting frequency [22]. Moreover, Co-maintenance spaces such like communal gardens, as a type
of therapeutic landscape, can offer a place for elderly people to share skills and even develop social
networks [18]. Creating adequate intimate seating and multifunctional spaces [11] promotes their
well-being and sense of control [48] by providing more forms of contact and opportunities for making
decisions, as well as realizing personal responsibility based on stronger social ties. As mentioned
in some POS studies [11,23], play areas for children can foster multigenerational interaction and
enjoyment. Historical and cultural heritage, which can foster a sense of place and local identity for
elderly people [49], should be integrated into POS designs [8]. Therefore, the criteria of this dimension
are seats on pathways, access to life facilities, Co-maintenance spaces, intimate seating, multifunctional
spaces, play areas for children, and historical and cultural heritage.

Notably, these three mechanisms also have interdependent relationships among each other.
For example, Booth et al. [20] attempted to identify the social cognitive and perceived environmental
influences—particularly social support, facility access, and neighborhood safety—that are associated
with physical activity in elderly adults. Shared movement can also produce supportive social
spaces [50]. Perceived green spaces has a moderating role in the relationship between the availability of
green space types and social contacts among aging neighbors [41], particularly in inner-city POS [46].
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Finally, based on the literature on the evaluation indicators for the pretest mentioned above, the
results can be summarized as in Table 1.Sustainability 2017, 9, 420  6 of 30 
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Figure 1. Constructing environmental attributes.

Table 1. The evaluation factors for the pretest.

No. Criteria Descriptions Authors

M1 Legibility

Indicators (orientation boards, information-communication panels, or hazard indicators)
should provide elderly people with continuous, effective, and adequate service
information about their surroundings and be located in visible places at pedestrian
decision-making points. They should be optimally designed in combination with other
design factors.

[8,34,35]

M2

Interior to
exterior
connection

Transitional spaces (those between POS and non-POS, or spaces linking different
subareas in POS) that are easily found and lack barriers to the mobility of elderly people. [8,23,34]

M3
Barrier-free
sidewalks

Pedestrian-oriented sidewalk designs that account for the needs of elderly people,
including appropriate widths for the sidewalk and its security band; appropriate
heights and widths for the ramps and stairs; and a sidewalk texture that is matte and
easy to walk on.

[13,25,35]

M4 Route pattern Continuous circulation routes with favorable connectivity and hierarchy, providing
choices of physical activity such as brisk walking, slow jogging, or strolling. [8,13,34]

M5 Sufficient lighting
Lighting with suitable luminaire selection, brightness settings, and location, providing
suitable transition and uniformity of luminance and high clarity of visual information,
ensuring the safety of nighttime activity.

[8,25,34]

M6 Traffic calming Reasonable installation of deceleration strips, crosswalks, and pedestrian overpasses or
underpasses that elderly pedestrians can use to cross roadways. [9,22,34]

N1
High-density
vegetation

Leafy and healthy plants that provide ample visual relief with natural color and
adjustment of sunlight. [13,34,41]

N2
High-quality
vegetation

Plants and trees with suitable location, collocation, and seasonal interest; there should
be sufficient “net free space” under plantings. [11,23,34,42,43]
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Table 1. Cont.

No. Criteria Descriptions Authors

N3 Water features
Blue spaces designed with suitable natural forms of water (gaseous, liquid, or solid),
visual forms, and facilities with water available. These provide elderly people with
positive mood effects, attractiveness, and perceived restorative abilities.

[13,42,43]

N4
Waste
arrangement

A sufficient number of trash containers should be set up in crowded places (near the
entrances of buildings and activity areas) to collect pedestrian or dog waste. [8,13,23,34,35,38,43]

N5
Natural art
design

Public art with pleasing appearance that is in harmony with the natural environment
and can provide visual relief and topics of discussion. [22,34,44]

N6 Micro-climate Natural elements design for wind controlled, light and shadow management [11,23,42]

S1
Seats on
pathways

Comfortable seating with suitable orientation and location for better visual contact, such
as seating areas facing busy sidewalks. [11,13,34]

S2
Access to life
facilities

Close to life service facilities, such as public toilets, restaurants, shops, cafes and so on,
in order to provide more opportunities for social contact. [9,13,22,23,25,34]

S3
Co-maintenance
spaces

Communal areas for the elderly’s coordinate maintenance, such as a communal garden
providing gardening activities. [18,46]

S4 Intimate seating Small-scale enclosure seating provided for private conversations between elderly people
with strong social ties. [8,11,23,34]

S5
Multifunctional
spaces

A flexible space for different groups of people to participate in various activities during
the day and night. [8,11,34]

S6
Play areas for
children Space suitable for children to play and multi-generational enjoyment. [11,23,34]

S7
Historical and
cultural heritage

Objects with cultural and historical information, historic buildings, or cultural elements,
which can enhance local identity and sense of belonging. [8,43,49,51]

2.4. Pretest of Indictors

A semi-structured questionnaire was used to conduct the pretest of indicators and included two
parts. The first part examined the importance of indictors by using a five-point Likert scale representing
the importance of each criterion, with 1 representing “not important”; 2 “not important”; 3 “normal”;
4 “important”; and 5 “very important”. The scale verified the importance of each criterion, which was
drawn from a literature review conducted by experts. Using the open interview technique, the second
part attempted to improve the criteria and their definitions with the help of experts’ experience.

The operation of the pretest of indictors can also be divided into two parts. The first part
investigated the importance of each criterion according to expert opinion and observed the extent of
importance based on the average index. Because 4 represents importance on the Likert scale, this study
utilized 4 as the threshold value to measure each criterion. Criterion values over 4 could be regarded as
important. Criterion values below 3 implied that the criterion was less important and was eliminated.
For criterion values between 3 and 4, a second round of expert investigation and interviews was
required to confirm the importance of the criterion and the reasons for the outcome; this process was
repeated until all indicators had been confirmed. The second part includes the dimension and criterion
sections. The experts could suggest different dimensions and criteria based on judgments derived
from comprehensive considerations, which were influenced by the research target and objective of
each criterion. Finally, it was necessary to clarify the criteria based on suggestions for each criterion to
ensure the validity of the research framework.

This study evaluated the indicators of POS for the elderly based on the literature review. In this
study, 53 questionnaires were distributed to 53 professional landscape planners and designers through
the Internet. The first round of investigation revealed that four questionnaires were invalid because
of missing values, whereas the remaining questionnaires were valid. Most indicators had values
over 4, implying their importance. However, five indicators had values between 3 and 4, namely
microclimate, play areas for children, traffic calming, legibility, and historical and cultural heritage.
Thus, the second round of the survey regarding the five indicators (with values between 3 and 4) was
performed. The second round of the questionnaire focused on the opinions of 49 experts, who had
replied in the first round. The discussions of whether these factors with lower scores are retained or
deleted are as follows.
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For legibility (3.67) indicator, the experts considered that the elderly population always used POS
within a certain distance (approximately 400 m or 10 min) because of their walking limitations [23,35];
POSs used by the elderly for daily activities should typically be located not far from residential areas.
Hence, orientation boards and information panels are less important to elderly people who use a
POS daily. However, some experts have argued that these boards and panels should be retained,
because the convenience and safety of an inclusive environment design should not depend upon
abstract understanding of the environment. For the historical and cultural heritage (3.57) indicator, the
experts believed that this indicator has potential indirect contributions to health; some studies have
shown that elderly people are enthusiastic about historical and cultural elements, which can provide
an opportunity for them to reminisce, enhancing perceived interest, attractiveness, and sense of local
identity [49,51]. For the microclimate (3.46) indicator, experts stated the natural enjoyment dimension
generally corresponded with the demand of viewing and relaxing, mostly focused on relaxing, and
overlapped with the criterion of comfortable seating with suitable orientations on pathways. Thus, the
criterion of microclimate was eliminated. For the traffic calming (3.26) indicator, the experts suggested
that the traffic calming (3.26) indicator is more suitable for evaluating POS with space forms of passing
though rather than that with block forms, based on the classification of POS in this study. Therefore,
the criterion of traffic calming was removed. The criterion of play areas for children (3.16) was also
eliminated because experts believed that the target of this study is elderly people (over the age of
65 years), who regularly use the POS for leisure or entertainment purposes and seldom looked after
children. They also suspected that the case from which these criteria were derived was excessively
particular and thus the criteria were not universally applicable.

2.5. Evaluation Methods for POS

In previous POS studies, some scholars have been more concerned with the establishment
of guidelines for universal accessibility and precautionary installations and less focused on the
comprehensive evaluation of environment with the aim of health. Although some POS designs
conformed to the guidelines and standards of preventive facilities, these universal indicators cannot
fully meet the needs of users [8], because of their multiple health needs. Thus, it is necessary
to design the POS indicators according to various requirements. Some scholars have also used
qualitative and quantitative analysis methods to examine users’ experience and satisfaction with POS.
The behavioral observation method can be used to analyze which physical elements of design attract
or deter use [52], as demonstrated in the I’DGO study on design findings and recommendations for
POS [34]. The operational process is easy to understand, and the means of data collection is more
acceptable to respondents than other methods because it involves fewer disturbances. However, this
method is difficult to implement because of the considerable length of time required. For instance,
OPEN space researchers conducted a total of 4643 behavioral observations across nine sites for
a study on pedestrian-friendly neighborhoods [53]. Focus group analysis, which is a rapid and
convenient approach to generating data, have both been used to assess elderly people’s POS needs
and to examine public understanding of a favorable POS from the perspective of cognitive and
perceived environments [8,22]. However, this qualitative method functions within a given cultural
context. Therefore, it is often difficult to obtain samples that represent the target population [54].
Personal projects analysis (PPA), logistic regression, and conjoint analysis are the main quantitative
analysis methods. PPA analysis has the advantage that it can measure the degree of environmental
supportiveness based on a set of personally salient activities (e.g., according to the needs and desires
of the elderly population). Nevertheless, this method can only address activities that people either
perform or plan to perform, and it cannot elicit activities that people have decided not to perform [19].
Logistic regression has the advantage of solving the category attribute data [12,31], whereas conjoint
analysis is helpful for understanding the relative importance of factors [13,49]. However, this statistical
analysis method is based on the assumption that the factors are independent. However, in reality, a
certain degree of correlation always exists among different factors, and even a certain degree of conflict
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exists among multiple attributes. Therefore, using the DANP-V model as a realistic analysis method
is crucial.

The multiple-criteria decision-making (MCDM) method is concerned with structuring, solving
decisions, and planning problems that involve multiple conflicting criteria. Moreover, the DANP-V
model is a hybrid technique in the MCDM method and has four characteristics [55–57]: (1) releasing
the hypothesis of independence criterion, based on the correlation of criteria [58]; (2) enabling the
criteria to run program selection in the case of conflicting attributes [59]; (3) using the aspiration
level as a benchmark to avoid “picking the best apple from a barrel of rotten apples” and replace the
past evaluation method based on the relative standard in criteria [60]; (4) proposing an improvement
strategy fundamentally and systematically [61]. Specifically, no study has used the MCDM method to
assess the improvement priorities of POS with respect to healthy aging. Therefore, this study used
the DANP-V model to evaluate the existing POS and develop gradual and efficient improvement
strategies towards achieving the healthy aging goals.

2.6. Research Procedures

The DANP-V model is a hybrid technique in MCDM. Based on the aforementioned studies,
the DANP-V model is a combination of three techniques, namely the DEMATEL technique, DANP
technique, and modified VIKOR method [62]. In this study, the model was divided into three phases,
as shown in Figure 2 (details are provided in “Research steps” in the Appendix). In the first phase
(DEMATEL-based ANP), the INRM (influential network relationship map) of the dimensions and
criteria was developed [63]. In the second phase, the DANP technique was used to train the relation
matrix of total influence from the first phase into Influential Weights (IWs, also called “global weights”)
of the criteria (vector wg) by using the basic concept of the operation process of ANP and then to
calculate the local weights of each criterion (vector wl

C) and dimensions (vector wl
D) [62,64]. The result

is termed IWs. In the third phase, the modified VIKOR method was used to identify the problematic
criteria in this project, with a larger gap value of the criterion representing a more significant
drawback [65–67]. Finally, this study used the INRM to discover the factors affecting the problematic
criteria and propose some systematic strategies for avoiding the “stopgap piecemeal” problem.

Sustainability 2017, 9, 420  9 of 30 

criteria to run program selection in the case of conflicting attributes [59]; (3) using the aspiration level 

as a benchmark to avoid “picking the best apple from a barrel of rotten apples” and replace the past 

evaluation method based on  the  relative  standard  in  criteria  [60];  (4) proposing an  improvement 

strategy fundamentally and systematically [61]. Specifically, no study has used the MCDM method 

to assess the improvement priorities of POS with respect to healthy aging. Therefore, this study used 

the DANP‐V model  to evaluate  the existing POS and develop gradual and efficient  improvement 

strategies towards achieving the healthy aging goals. 

2.6. Research Procedures 

The DANP‐V model is a hybrid technique in MCDM. Based on the aforementioned studies, the 

DANP‐V model  is  a  combination  of  three  techniques,  namely  the DEMATEL  technique, DANP 

technique, and modified VIKOR method [62]. In this study, the model was divided into three phases, 

as shown in Figure 2 (details are provided in “Research steps” in the Appendix). In the first phase 

(DEMATEL‐based ANP), the INRM (influential network relationship map) of the dimensions and 

criteria was developed [63]. In the second phase, the DANP technique was used to train the relation 

matrix  of  total  influence  from  the  first  phase  into  Influential Weights  (IWs,  also  called  “global 

weights”) of the criteria (vector  gw ) by using the basic concept of the operation process of ANP and 

then to calculate the local weights of each criterion (vector  l
Cw ) and dimensions (vector  l

Dw ) [62,64]. 

The result is termed IWs. In the third phase, the modified VIKOR method was used to identify the 

problematic  criteria  in  this project, with  a  larger  gap  value  of  the  criterion  representing  a more 

significant drawback [65–67]. Finally, this study used the INRM to discover the factors affecting the 

problematic criteria and propose some systematic strategies for avoiding the “stopgap piecemeal” 

problem. 

 

Figure 2. Model procedure for new multiple criteria decision making for creating the best sustainable 

improvement strategies. 

The main purpose of the first phase is to help decision makers understand the mutual influence 

among the factors in the POS design. Therefore, the questionnaire was used to understand the degree 

Figure 2. Model procedure for new multiple criteria decision making for creating the best sustainable
improvement strategies.



Sustainability 2017, 9, 420 10 of 29

The main purpose of the first phase is to help decision makers understand the mutual influence
among the factors in the POS design. Therefore, the questionnaire was used to understand the degree
of influence of criteria from the pairwise comparison by experts and was integrated into the initial
matrix; subsequently, the DEMATEL technique was used to calculate the relation matrix of the total
influence of dimensions (TD) and criteria (TC) and to develop the INRM of the criteria and dimensions.
Finally, by overlapping the INRM of criteria and dimensions, the whole INRM can be obtained.
The second phase aims to distinguish the priority order based on the influence degree. Therefore, the
IWs can be obtained by limiting the weighted matrix W, which was weighted by normalizing the
relation matrix of the total influence of dimensions (Tα

D), and the unweighted supermatrix Wα, which
was developed from the relation matrix of total influence of criterion (TC). The third phase aims to
establish an improvement strategy based on the fundamental approach of gap values for continuous
improvement and sustainable development. Thus, the process uses the modified VIKOR method to
evaluate and identify the gaps of criteria, and INRM is then used to discover the root of the problem
systematically. Finally, strategies for continuous improvement and sustainable development can be
recommended towards achieving the requisite aspiration level.

3. Empirical Case

This section describes empirical case selection, data collection, and the analytical procedure
in detail. Moreover, based on the INRM and the performance evaluation result, the priority of
improvement and comprehensive analysis are primarily discussed.

3.1. Empirical Case Description

The case selected for this study is an open space in the main campus of the Harbin Institute of
Technology (HIT) (Figure 3). The campus is located in the city center with a total area of approximately
66.8 ha, a building area of 1,270,000 square meters, and a floor area ratio of nearly 1.3. According to
historical records, several functional areas, such as student and teacher living areas, teaching areas,
sports zones, and logistics areas, have been gradually built in the main campus of HIT for different
purposes and ages, without following the holistic principles of campus planning. Moreover, no clear
boundary restricts access to the main campus, and an urban arterial road has even been constructed
across the POS (public open space). This POS serves an educational function, is part of the urban POS
system, and is open for public usage because of the POS insufficiency in Harbin city center. The reasons
for selecting the open space in the main campus of HIT as a case study are as follows:

First, Harbin city is facing a serious trend of population aging. It is predicted that the population
aged over 60 years will increase from approximately 1,840,000 (19.2% of the total population) to
approximately 2,150,000 (approximately 22% of the total population) from 2015 to 2020. The aging
society, the “empty nest” phenomenon, shrinking family sizes, and increasingly elderly households
have become more prominent; moreover, the total elderly population has a certain proportion with
low income levels. Thus, developing a sustainable society for the elderly population is necessary.

Second, the study site is located in the inner city, which has a high proportion of elderly people
as residents, as was confirmed by the data collected from several street organizations located close
to the POS (collection date, 29 August 2016). Some communities have a high proportion of elderly
residents. For example, elderly people numbering 1743 comprise approximately 24.5% of the Fuhua
community, 1483 of the HIT community (30.9%), 1091 of the Guixin community (14.2%), 1397 of the
Chunming community (18.7%), 1488 of the Nonghang community (23.6%), and 1009 of the Tiewa
community (13.3%). According to the statistical information from the questionnaire, elderly people
who participate in outdoor activities in the POS at HIT are mainly from these nearby communities.

Third, the government and HIT implemented a joint program to gradually improve the
environment (i.e., POS) for elderly people. With the development of the concept of urban sustainability
concept and because of new environmental demands resulting from the changing population
structure—such as the built urban environment being unable to meet the comprehensive needs
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of the elderly population—the local government has implemented an urban redevelopment process
to improve the physical environment for the elderly population. The interim assessment report of
the 12th Five-Year Plan for the elderly population revealed that Nangang district lacks open spaces
and infrastructure facilities compared with other districts in Harbin city [68]. This POS insufficiency
is attributed to the high building density and the lack of storage land. Therefore, the 13th Five-Year
Plan [69] addresses the issues of the elderly population through an urban development strategy and
accelerates the development of a liveable environment system and activity places for the elderly. Thus,
to improve the POS in Harbin city center, the local government assisted HIT in redeveloping the
campus and open space for the elderly population. Sharing POS with the campus is an effective
approach to enhancing utilization efficiency and maximizing joint use opportunities of compatible
facilities and space. These redevelopment projects in HIT and the environmental reconstruction
projects for an aging society promoted by local government in the city center have been implemented
near simultaneously. After obtaining funding, the building schedule and other key projects have been
established gradually for the redevelopment of the POS.
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The current status of the redevelopment project in the campus is as follows. For the regional
boundary, the construction of the front gate has been completed at the entrance to monitor external
vehicles and individuals. No large area lawn exists due to the dual effects of restrictive land use
and climate. Thus, for the purposed of greening, the larger green area includes three nearly 1-ha
green spaces (Vineyard, Alumni Woods, and the backyard of the Hang Tian building; Figure 4b,c,j,
respectively), and the remaining small green area consists of trees beside the street and flowerbeds in
front of each college (Figure 4h,q, respectively). For the waterscape, the POS initially included
an outdoor swimming pool and a fountain, but these features were abandoned because of the
difficulty of restoration and maintenance (Figure 4a,b, respectively). The public facilities of HIT
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are a large supermarket, three small kiosks (Figure 4k), and toilets on the ground floor of various
departments including the teaching building and the canteen. The POS has two historic buildings and
two monuments or sculptures of cultural significance, including the “Star of HIT” (depicting the minor
planet named after HIT; Figure 4o) and a globose sculpture relying on the technology of Seamless
Welder (Figure 4m). Other types of construction, such as ramps, sidewalks, and building entrances,
have currently achieved the minimum standards of the Codes of Accessibility Design (GB50763-2012;
Figure 4g,h,k,l). In addition, the university and activity centers for elderly people have been designated
for open use.
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In conclusion, based on the rapid growth of the elderly population in Nangang district and Harbin
city and the progressive urban redevelopment measures of the local government, the POS in HIT was
selected as a highly appropriate empirical case to research continuous improvement strategies for a
healthy aging society.

3.2. Data Collection

This section explains the operation of data collection and the choice of interviewees, including
the expert and user groups. A DEMATEL questionnaire was employed to explore the relationships
between the 16 criteria, meaning that experts were suitable interviewees to answer the questions.
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A VIKOR questionnaire was used to collect data on the degree of satisfaction with each criterion, so
this questionnaire was completed by the elderly participants. Decisions being made by experts on
behalf of users was formerly a conventional means of decision-making, but is now often considered
controversial. So this study interviewed two groups (experts and users) for the satisfaction section and
compared their results.

The expert questionnaires were separately administered in the first and third phases (Figure 2).
In the first phase, 13 DEMATEL questionnaires were returned, comprising four invalid questionnaires
and nine valid questionnaires. The expert interviewees were selected as follows. First, interviewees
came from a wide variety of industry, official, and university circles; second, the interviewees were
required to have a deep understanding of the topic at hand, whether theoretically or practically.
In a detailed description, eight experts engaged in urban planning or landscape planning and had
landscape design experience related to the pension industry, and the remaining experts were from
the Department of Health Industry Management and had considerable research experience related
to the health of the elderly population. Five experts were professional scholars, of whom two were
professors, and the others worked in design institutes and had the highest qualification. Third, the
chosen interviewees were required to understand the purpose and operating process of the DEMATEL
questionnaire. The aforementioned four questionnaires were judged invalid largely for this reason.
To improve validity, questionnaires were administered in the form of structured interviews, and
any confusion about the questions was cleared by the authors. The average time for questionnaire
completion was approximately 3.5 h.

In the third phase (Figure 2), 40 performance (modified VIKOR) questionnaires were administered
over the Internet to another expert group in person-to-person form; therefore, all 40 questionnaires
were valid. All of the experts graduated from the architecture school of HIT, implying that they had
sufficient knowledge of the study site, as well as being landscape planners or urban designers with
professional understanding of environmental gerontology. Hence, these experts could answer the
questionnaires, which contained 16 evaluation criteria of POS and the satisfaction degree of each
criterion. Moreover, the responses about the each criterion of the study site were rated on a scale from
1 to 10, with 1 representing extremely dissatisfied and 10 extremely satisfied.

The interviewees who were administered the modified VIKOR questionnaire in the third phase
were people aged over 65 years (defined as elderly according to the WHO) and were active on
the HIT campus from 5 July to 5 October 2016. According to their own experience of the HIT
campus, these interviewees provided their satisfaction degree for the 16 evaluation criteria of POS
in the paper-and-pencil questionnaire. The author and four trained graduate students randomly
distributed the questionnaire on campus at five different periods (05:00–07:00, 07:00–11:00, 11:00–17:00,
17:00–21:00, and 21:00–24:00). When recruiting elderly people, the researchers confirmed whether
they met the study requirements and obtained their consent for the interviews. In the survey, the
preferred participants were elderly people who were resting, reading books, or exercising (stretching or
walking) rather than those performing collective activities and looking after children. The researchers
explained that the survey data will remain confidential, participation is voluntary, and that the elderly
people could abstain from participating in this study. The research questions about social statistical
information, detailed address, and other confidential information had to be as clear as possible to
avoid any misunderstanding from the elderly participants. Two questions (“Whether Living Alone”
and “Monthly income”) were deleted from the questionnaires, because a large number of participants
did not respond to these questions. Some participants expressed distrust for the research generally,
had concerns about privacy, and believed that the information might be used to make unwanted
changes in their neighborhood. In addition, for respondents with visual impairment, researchers read
the questionnaire and helped them to complete the questionnaire. A total of 205 questionnaires were
administered and collected, including 59 invalid questionnaires. A questionnaire was considered
invalid when a substantial number of questions in the survey were left unanswered. Among the target
population (65 years or older), 79 (54.1%) were women. The majority (91.8%) of participants who
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completed the questionnaire were healthy and active, and 8.2% reported some mobility limitation.
A total of 100 (68.5%) persons visited the POS daily.

3.3. Result and Discussion

The INRM in Figure 5 illustrates the structure of interactions in the improvement model. Social
interaction (D3) was influenced by mobility (D1) and nature enjoyment (D2), whereas mobility (D1)
was influenced by nature enjoyment (D2). Therefore, to improve the social interaction (D3) dimension
of POS, the improvement of criteria in the mobility (D1) and nature enjoyment (D2) dimensions should
be emphasized. Moreover, to improve the mobility (D1) dimension of POS, the improvement of criteria
in the nature enjoyment (D2) dimension should be emphasized. Thus, the priority of influence of the
three dimensions could be ordered as nature enjoyment (D2), mobility (D1), and social interaction
(D1). Similarly, from the perspective of INRM, the route pattern (C14) was the most influential criterion
in mobility (D1), and the remaining criteria could be ordered as C13, C15, C12, and C11. High-quality
vegetation (C22) was the most influential criterion in nature enjoyment (D2), and the remaining criteria
could be ordered as C23, C24, C21, and C25. Co-maintenance spaces (C33) were the most influential
criterion in social interaction (D1); the remaining criteria could be ordered as C36, C35, C32, C31, and C34.
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The empirical case for using POS to achieve a healthy aging society in Harbin can be established
through performance evaluations and improvements that incorporate VIKOR, based on the IWs
found through DANP (Table 2). The total gap value is a sum of all criterion gap values, which
can be obtained from the product of each local weight and its gap. A gap represents the distance
between a criterion’s performance and the aspiration level. In this study, two gap values were
derived from the expert and elderly groups. Furthermore, these gaps were improved to enhance each
dimension/criterion’s performance.

The integration values for performance and gaps are presented in Table 2. The nature enjoyment
(D2) dimension exhibited the largest gap value (0.473), and among its criteria, water features (C23)
exhibited the largest gap value (0.674). Therefore, the POS can proceed with priority improvement
by using the criteria with the largest gap value. The following criteria exhibited large gap values:
waste management (C24) (0.612), Co-maintenance spaces (C33) (0.606), natural art design (C25) (0.405),
and high-quality vegetation (C22) (0.403). The following criteria exhibited relatively small gap values:
route patterns (C14) (0.303), seats on pathways (C31) (0.320), and high-density vegetation (C21) (0.322);
however, their absolute values were still large (to 0). Thus, this POS has serious problems, and several
improvements need to be implemented to achieve a POS that realizes healthy aging goals.

Table 2. The performance evaluation of the case study using VIKOR.

Dimensions/Criteria
Influential

Weights (IWs) Elderly Expert Integration

Local
Weight

Global
Weight Performance Gap Performance Gap Performance Gap

Mobility (D1) 0.322 6.658 0.334 5.444 0.456 6.397 0.360

Legibility (C11) 0.175 0.056 6.747 0.325 4.525 0.548 6.269 0.373
Interior to exterior connection (C12) 0.200 0.064 6.637 0.336 5.175 0.483 6.323 0.368
Barrier-free sidewalks (C13) 0.210 0.068 6.726 0.327 5.075 0.493 6.371 0.363
Route pattern (C14) 0.208 0.067 7.123 0.288 6.425 0.358 6.973 0.303
Sufficient lighting (C15) 0.207 0.067 6.068 0.393 5.875 0.413 6.027 0.397

Nature enjoyment (D2) 0.322 5.708 0.429 3.656 0.634 5.267 0.473

High-density vegetation (C21) 0.207 0.067 7.110 0.289 5.600 0.440 6.785 0.322
High-quality vegetation (C22) 0.248 0.080 6.363 0.364 4.550 0.545 5.973 0.403
Water features (C23) 0.225 0.073 3.890 0.611 0.950 0.905 3.258 0.674
Waste arrangement (C24) 0.123 0.040 4.240 0.576 2.550 0.745 3.876 0.612
Natural art design (C25) 0.196 0.063 6.411 0.359 4.275 0.573 5.952 0.405

Social interaction (D3) 0.356 6.518 0.348 4.733 0.527 6.134 0.387

Seats on pathways (C31) 0.192 0.069 7.123 0.288 5.625 0.438 6.801 0.320
Access to life facilities (C32) 0.179 0.064 6.986 0.301 4.950 0.505 6.548 0.345
Co-maintenance spaces (C33) 0.163 0.058 4.397 0.560 2.275 0.773 3.941 0.606
Intimate seating (C34) 0.176 0.063 7.007 0.299 4.550 0.545 6.478 0.352
Multifunctional space (C35) 0.171 0.061 6.644 0.336 4.900 0.510 6.269 0.373
Historical and cultural heritage (C36) 0.118 0.042 6.849 0.315 6.375 0.363 6.747 0.325

Total Performance 6.302 4.615 5.939

Total Gap (ratio) 0.370 0.539 0.406

For the continuous improvement strategy for the POS in this empirical case, the influence
relationships and the influential degree of the dimensions and criteria are discussed. Based on the
INRM (Figure 5) and performance evaluation results (Table 2), two primary discussions are elaborated
as follows: priority of improvement and comprehensive analysis according to the evaluation results of
the expert and elderly groups.

To determine improvement priorities, gap values should be considered first. The absolute
integration gap values of all three dimensions in Table 2 were significantly high and ranked as
follows: nature enjoyment (D2), 0.473 (to 0); social interaction (D3), 0.387; and mobility (D1), 0.360.
This result indicates that the development of POS in HIT for healthy aging is still in the initial stage,
and the performance level is relatively low. Mobility (D1) exhibited a relatively small gap value,
indicating that this dimension was regarded as more essential and received relatively more support
from decision makers. The last stage of the improvement project focuses on enhancing mobility and
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accessibility. Moreover, it has achieved the minimum standards of Codes of Accessibility Design
(GB50763-2012). Despite these measures, the needs of the elderly population have not been fully met.
Yung et al. [8] argued that POS planned and designed simply based on universal accessibility standards
cannot completely fulfill the needs of elderly people. They also suggested the effectiveness and the
inclusiveness of the evaluation standards of POS should be regularly reviewed and adjusted. Some
criteria exhibited extremely large gap values, such as water features (C23) (0.674), waste management
(C24) (0.612), co-maintenance spaces (C33) (0.606), natural art design (C25) (0.405), and high-quality
vegetation (C22) (0.403), all of which belong to the dimensions of nature enjoyment (D2) and social
interaction (D3). This finding implies that these aspects of the POS in HIT should be improved first.
POS improvement was previously implemented based on the priority order from the criterion with
the largest gap value to the criterion with the smallest value. By contrast, the DANP-V model uses a
systematic approach to address the problems from the root. For example, in this case, water features
(C23), which exhibited the largest gap value among the 16 criteria, was given the first priority for
improvement following the conventional approach. In fact, the POS of HIT previously had two water
features (a swimming pool and a fountain), which the elderly interviewees reminisced about. These
areas had been transformed into small squares and a parking area (Figure 4a), because of land use
limitations and the difficulty of maintaining them in a cold climate. Moreover, it would be difficult
to build a new water feature. However, the DANP-V model could identify the criteria affecting the
satisfaction degree of water features. Figure 5 shows that the satisfaction degree of high-quality
vegetation (C22) can affect the satisfaction degree of water features. This finding suggests that for
this case, decision makers should allocate more resources to the root of the problem. Moreover,
waste management (C24) exhibited the second largest gap value. Some residents believed that more
disposal facilities should be provided for waste from pets, although the existing facilities met the
current standards (1/100–200 m) in the Code of Urban Environmental Sanitation Facilities Planning
(GB 50337-2003) (Figure 4f,l,n). However, others argued that even with sufficient sanitation facilities,
it is difficult to guarantee a clean and tidy environment (Figure 4e); they considered unsanitary
behavior to be a problem of upbringing. By contrast, this result revealed a new perspective: that the
satisfaction degree of waste arrangement (C24) was influenced by water features (C23) and high-quality
vegetation (C22), as shown in Figure 5. As mentioned, the satisfactoriness of water features (C23)
can be improved by providing high-quality vegetation (C22). According to the performance and
gap values of high-quality vegetation (C22) (ranked fifth) in Table 2, the satisfaction degree of this
criterion was also very low. In recent years, the greening projects of the POS in this case mainly
concentrated on planting more trees. The satisfaction degree of high-density vegetation (C21) was
higher than that of high-quality vegetation (C22), indicating that the elderly respondents gained more
travel motivation from the quality rather than quantity of natural elements (Figure 4c,i). To date, many
problems have been detected with respect to vegetation arrangement in this POS, such as the plant
combination pattern, coordination with existing landscape elements, and landscape conservation and
management (Figure 4d,l,p,r). From the results, the low quality of the natural landscape is likely to
result in uncivilized behavior, which may be regarded as a sign that elderly people are not safe and
unwelcome. As indicated by the broken windows theory, a low quality environment can powerfully
affect and induce the formation of negative attitudes that exhibit no awareness of environmental
protection and are inclined to immoral behavior [70]. Similarly, Gibson and Werner [71] used the
empirical method to explore the relationship between smokers’ behavior and the environment, and
they discovered that uncivilized behavior is not necessarily related to personality problems and is
more likely to be influenced by environmental designs and their implications. Therefore, attention
should be paid to improving the quality of vegetation design. As demonstrated by Finlay et al. [42],
environmental interventions that positively influence elderly adults’ quality of life need not even be
on a largescale. Smaller features, such as a small and exquisite green plot or a courtyard fountain, can
have a significant effect.
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In this study, performance and gap values were synthetically obtained from the survey data
of both experts and elderly participants. First, the gap values from the designer questionnaires
were generally larger than that from the elderly questionnaires. This difference can be attributed to
the following reasons: (1) the standard of professional assessment may be stricter than that of the
populace and (2) difference in living quality expected by different age groups. Kane [72] found that
the expectations of quality of life among seniors decline with age. Regarding subjective impression
of well-being, elderly participants seemed more optimistic and therefore often scored higher than
younger adults. (3) Compared with designers, the elderly people interviewed in this study have
typically lived around HIT for a long time and experienced a long self-adaptive process. According to
the person–environment fit theory proposed by Lawton [16], the self-adaptive ability of the elderly
population enables their adjustment to external environmental stimuli when exposed to those stimuli
for a long time. This concept can explain why elderly people express comparatively more satisfaction,
even when facing inclement environments.

Second, these findings, derived from the comparison of the results of two groups, indicate
that experts and elderly people provide generally consistent arrangement patterns for the criteria,
particularly the first three criteria. However, we also need to pay attention to the significant difference
in two criteria orders. For sufficient lighting (C15) (nine different orders), it is more likely that
designers believe that elderly people prefer exercising in the daytime, and the existing lighting
facilities can meet their demands. However, 54.1% of elderly respondents were active in the evening
(approximately 17:00–21:00), and some believed that the brightness of the lighting facilities was
insufficient. For intimate seating C34 (six different orders), the privacy degree required by the elderly in
the case is relatively low. Nonetheless, designers use numerous evaluation standards, which are mostly
obtained from their own experience of nursing projects for the elderly population, causing the larger
gap values. Finally, considering the special needs of elderly people, the findings of this study indicate
that public participation should be emphasized. Elderly people should be encouraged to communicate
their preferences for the improvement process of POS for healthy aging. Combining the evaluation
results from experts and users, decision makers can more favorably identify the requirements and
priority orders from user groups.

4. Conclusions

This study offers useful insights into the theoretical investigation and practical improvement
for POS intended to achieve healthy aging in aging societies. First, this study adds new evidence
to the growing body of knowledge regarding the associations between elderly people’s health and
the characteristics of POS. Second, translating multidisciplinary knowledge about “elderly people’s
health-POS” into the evaluation framework (“goal–subgoals–mechanisms–needs–criteria”) can provide
significant contributions to the identification of environmental attributes. Third, the hybrid MCDM
model combining DANP and Modified VIKOR methods was used to evaluate the existing POS
for proposing continuous and efficient improvement strategies for healthy aging and for avoiding
“stopgap piecemeal” practice. Previous studies have shown that three mechanisms, namely physical
activity, contact with nature, and social interaction, can influence each other [20,41,46,50]. Our findings
suggest that nature enjoyment (D2) is the most influential dimension, and the degree of influence of
social interaction (D3) is the lowest among all dimensions. Therefore, we should pay more attention
to the nature enjoyment (D2) criterion in design because it plays a decisive role in elderly people’s
decisions about whether to visit POS and guides the proper behaviors for health. Finally, according
to the cognitive differences reflected by the gap in priorities between the expert and elderly groups,
we suggest that for the improvement of POS for the elderly population in urban redevelopment areas,
decision makers should pay more attention to users’ aspirations and preferences.

The limitations of this study should be acknowledged, as they may provide guidance for future
research. This cross-sectional study used a convenience sample of elderly users in the POS in the HIT
campus to explore the continuous improvement strategies of POS, which may limit the generalizability



Sustainability 2017, 9, 420 18 of 29

of the research findings. A single set of planning guidelines and improvement strategies may not
be appropriate for all places. However, our process and evaluation framework can be used as a
reference for investigating improvement priorities of POS in many areas. Moreover, it is a great
challenge for planners and designers to incorporate the broad spectrum of needs of different age
groups [8], because users with different social and cultural requirements or different ages may have
different needs and perception preferences. This study has also taken a first step in the incorporation
process by understanding the needs of the elderly population. Future research may explore continuous
improvement strategies with the integration of multi-group preferences in performance. Moreover, to
resolve conflicts from different groups, time programing should be considered seriously in addition to
space programing [6]. Some conflicts can be resolved by dynamic multistage evaluation, which can be
regarded as a participatory planning process that considers the evaluation result [6]. With the changing
demographic patterns and users’ characteristics, users’ behaviors and preferences will change over
time [12]. Even over a defined period, POS characteristics may change following environmental
interventions, and users’ degree of satisfaction may change [25]. In conclusion, future studies should
consider performing multistage evaluation of a POS, preferably with regards to the different levels of
planning and improvement, to determine which environmental attribute changes are most likely to
impart the maximum benefits for elderly people’s health.
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Appendix A. Research Steps

The DANP-V model, which was adopted for this study, was proposed by Tzeng [73,74],
who combined new concepts and techniques to solve complex and dynamic real-world problems.
Hence, this part is divided into three steps: the DEMATEL technique, the DANP technique, and the
modified VIKOR method.

Appendix A.1. DEMATEL Technique

Step 1: Establish the direct influence relation matrix E. Data were obtained using the questionnaire,
and the scales used in the questionnaire involved an integer score of 0, 1, 2, 3, or 4, ranging from
0 representing absolutely no influence to 4 representing very high influence, according to natural
language criteria from linguistics. The respondent had to be an expert in the field and use the pairwise
comparison method to evaluate the degree of influence of the criteria, and to show the degree to which
each criterion i affects each criterion j. This matrix must be a n× n nonnegative matrix. According to
the results from H experts, the direct influence relation matrix E is shown in Equation (A1), and the
direct influence relation matrix from all experts is Eh = [eh

ij]n×n
, h = 1, 2, ..., H, where E1, ..., Eh, ..., EH .

E =



e11 · · · e1j · · · e1n
...

...
...

ei1 · · · eij · · · ein
...

...
...

en1 · · · enj · · · enn


(A1)
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Step 2: Constitute the average direct influence relation matrix D. The average scores of the H experts
are dij =

1
H ∑H

h=1 eh
ij. The average matrix is called the average direct influence relation matrix D and

represents the degree of influence that one criterion exerts on another and the degree of influence that
the criterion receives from another, as shown in Equation (A2):

D =



d11 · · · d1j · · · d1n
...

...
...

di1 · · · dij · · · din
...

...
...

dn1 · · · dnj · · · dnn


. (A2)

Step 3: Examine consensus. The value of consensus can be estimated by Equation (A3), which
represents the level of experts’ consensus. The threshold of the average gap ratio is 5% in statistics;
a value less than 5% implies a confidence level above 95%, which also represents a stable system.
Conversely, if an unstable system is obtained, the first phase should be implemented again to verify
whether data collection is correct and whether the number of experts is sufficient.

Average gap-ratio in consensus(%) =
1

n(n− 1)

n

∑
i=1

n

∑
j=1

(∣∣∣dH
ij − dH−1

ij

∣∣∣/dH
ij

)
× 100% (A3)

Step 4: Formulate the normalized average direct influence relation matrix N. The normalized average
direct influence relation matrix N is acquired by normalizing the matrix D. The matrix N is easily
derived from Equations (A4) and (A5), in which all principal diagonal criteria are equal to 0:

N = b ·D (A4)

b = min

{
1

max1≤i≤n∑n
j=1 dij

,
1

max1≤j≤n∑n
i=1 dij

}
. (A5)

Step 5: Construct the total influence relation matrix T. A continuous decrease of the indirect effects
of problems moves with the powers of the matrix N, e.g., N2, . . . , N∞, and limq→∞Nq = [0]n×n, for
limq→∞(I+N+N2 + . . .+Nq) = (I−N)−1, where I is a n× n unit matrix. The total influence relation
matrix T is a n× n matrix and is defined by T =

[
tij
]

n×n, i, j = 1, 2, ..., n, as shown in Equation (A6).

T = N + N2 + ... + Nq = N(I + N + N2 + ... + Nq−1) = N(I + N + N2 + ... + Nq−1)(I−N)(I−N)−1

= N(I−N)−1, when limq→∞Nq = [0]n×n
(A6)

Step 6: Illustration of INRM. The total influence relation matrix T of INRM can be acquired using
Equations (A7) and (A8) to generate each row sum and column sum in the matrix T, respectively:

o = (oi)n×1 =

[
n

∑
j=1

tij

]
n×1

= (o1, ..., oi, ..., on) (A7)

r = (ri)n×1 = (rj)
′
1×n =

[
n

∑
i=1

tij

]′
1×n

= (r1, ..., rj, ..., rn)
′, (A8)

where oi is the sum of a row in the total influence relation matrix T, which represents the total effects
(both direct and indirect) of criterion/perspective i on all other criteria/perspectives

[
∑n

j=1 tij

]
n×1

.

Similarly, rj is the column sum in the total influence relation matrix T, which represents the total
effects (both direct and indirect) of criterion/perspective j received from all other criteria/perspectives[
∑n

i=1 tij
]′

1×n. (oi + ri) provides an index of the strength of the total influences given and received; that
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is, (oi + ri) indicates the degree of importance of the criterion/perspective i in the system. In addition,
(oi − ri) provides an index of the degree of the cause of the total influence. If (oi − ri) is positive, then
criterion/perspective i is a net causer, and if (oi − ri) is negative, then criterion/perspective i is a
net receiver.

Step 7: Construct the total influence relation matrix of criteria TC and dimension TD. The total influence
relation matrix of criteria TC from each perspective (dimension or cluster), with different degrees of
influence relation for the criteria, is shown in Equation (A9), where ∑m

j=1 mj = n, m < n, and Tij
c as a

mi ×mj matrix.

TC =

D1 Dj Dm

c11···c1m1 · · · cj1···cjmj · · · cm1···cmmm

D1

c11

c12
...

...
c1m1

...

Di

ci1
ci2
...

...
cimi

...

Dm

cm1

cm2
...

cmmm



T11
c · · · T1j

c · · · T1m
c

...
...

...

Ti1
c · · · Tij

c · · · Tim
c

...
...

...

Tm1
c · · · Tmj

c · · · Tmm
c


n×n|m<n, ∑m

j=1 mj=n

, (A9)

where Dm is the mth cluster; cmm is the mth criterion in the mth dimension; and Tij
c is a submatrix of

the influence relation for the criteria from a comparison of the ith dimension with the jth dimension.
In addition, if the ith dimension has no influence on the jth dimension, then submatrix Tij

c = [0],
demonstrating the independence (no influence relation) of each criterion on other criteria. Moreover,
the total influence relation matrix of dimension TD is shown in Equation (A10):

TD =



t11 · · · t1j · · · t1m
...

...
...

ti1 · · · tij · · · tim
...

...
...

tm1 · · · tmj · · · tmm


m×m

. (A10)

The DANP-V model is required to identify the dimensions and criteria individually while
proposing an improvement strategy; thus, drawing the INRM of dimensions and criteria should
be divided into the matrix TC and the matrix TD.

Appendix A.2. DANP Technique

Step 1: Calculate the unweighted supermatrix Wα. Normalize the total influence relation matrix TC
by dimensions (called “clusters”) as shown in Equation (A11):
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Tα
C =

D1 Dj Dm

c11···c1m1 · · · cj1···cjmj · · · cn1···cmmm

D1

c11

c12
...

...
c1m1

...

Di

ci1
ci2
...

...
cimi

...

Dm

cm1

cm2
...

cmmm



Tα11
c · · · Tα1j

c · · · Tα1m
c

...
...

...

Tαi1
c · · · Tαij

c · · · Tαim
c

...
...

...

Tαm1
c · · · Tαmj

c · · · Tαmm
c


n×n|m<n, ∑m

j=1 mj=n

, (A11)

where Tα
C denotes the normalizing total influence relation matrix of criteria by dimensions, and Tα14

c is
derived from Equations (A12) and (A13). Similarly, Tαmm

c can be obtained:

t14
i =

m4

∑
j=1

t14
ij , i = 1, 2, · · · , m1 (A12)

Tα14
c =

c11
...

c1i
...

c1m1

c41 · · · c4j · · · c4m4

t14
11/t14

1 · · · t14
1j /t14

1 · · · t14
1m4

/t14
1

...
...

...
t14
i1 /t14

i · · · t14
ij /t14

i · · · t14
im4

/t14
i

...
...

...
t14
m11/t14

m1
· · · t14

m1 j/t14
m1
· · · t14

m1m4
/t14

m1


=



tα14
11 · · · tα14

1j · · · tα14
1m4

...
...

...
tα14
i1 · · · tα14

ij · · · tα14
im4

...
...

...
tα14
m11 · · · tα14

m1 j · · · tα14
m1m4


. (A13)

According to the pairwise comparisons of the criteria and on the basis of the basic concept of ANP,
the unweighted supermatrix Wα can be obtained by transposing the normalized influence relation
matrix Tα

C by dimensions (clusters), that is, Wα = (Tα
C)
′, as shown in Equation (A14):

Wα = (Tα
C)
′ =

D1 Di Dm

c11···c1m1 · · · ci1···cimi · · · cm1···cmmm

D1

c11

c12
...

...
c1m1

...

Dj

cj1
cj2
...

...
cjmj

...

Dm

cm1

cm2
...

cmmm



W11 · · · Wi1 · · · Wm1

...
...

...

W1j · · · Wij · · · Wmj

...
...

...

W1m, · · · Wim · · · Wmm


n×n|m<n, ∑m

j=1 mj=n

. (A14)
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Step 2: Calculate weighted supermatrix. The normalized total influence-relation matrix of dimensions
Tα

D can be obtained through the total influence-relation matrix TD divided by di = ∑m
j=1 tij, i = 1, 2, ..., m,

as shown in Equation (A15):

Tα
D =



t11/d1 · · · t1j/d1 · · · t1m/d1
...

...
...

ti1/di · · · tij/di · · · tim/di
...

...
...

tm1/dm · · · tmj/dm · · · tmm/dm


m×m

=



tαD
11 · · · tαD

1j · · · tαD
1m

...
...

...
tαD
i1 · · · tαD

ij · · · tαD
im

...
...

...
tαD
m1 · · · tαD

mj · · · tαD
mm


m×m

. (A15)

The matrix Tα
D and the unweighted supermatrix Wα and the weighted supermatrix W can be

easily obtained by Equation (A16), where tαD
ij is a scalar and ∑m

j=1 mj = n:

W = Tα
DWα =

D1 Di Dm

c11···c1m1 · · · ci1···cimi · · · cm1···cmmm

D1

c11

c12
...

...
c1m1

...

Dj

cj1
cj2
...

...
cjmj

...

Dm

cm1

cm2
...

cmmm



tαD
11 ×W11 · · · tαD

i1 ×Wi1 · · · tαD
m1 ×Wm1

...
...

...

tαD
1j ×W1j · · · tαD

ij ×Wij · · · tαD
mj ×Wmj

...
...

...

tαD
1m ×W1m · · · tαD

im ×Wim · · · tαD
mm ×Wmm



. (A16)

Step 3: Limit weighted supermatrix. Limit the weighted supermatrix by raising it to the zth power
until the supermatrix has converged and become a stable supermatrix. The global priority vectors,
global weight wg—which are called the IWs of DANP—are obtained, such as limz→∞(W) z, where z
represents any number of power. By summing the IWs of each criterion in every dimension, the local
weight of dimension wl

D can be obtained. Subsequently, the global weight of each criterion can be
divided by the local weight of its own dimension to yield the local weight of criteria wl

c.

Appendix A.3. Modified VIKOR Method

Step 1: Derive the positive ideal solution and the negative ideal solution replaced by the aspiration levels
and the worst value to fit the current real-world situation. Define the best value (aspiration level) shown
as f aspired

j in j criterion and the worst value f worst
j for all criteria, which can be acquired from the

traditional form to the modified form.

(1) The traditional approach for deriving the positive ideal solution and negative ideal solution is
as follows:

The positive ideal solution: f∗ = ( f ∗1 , ..., f ∗j , ..., f ∗n ), where f ∗j = maxk { fkj|k = 1, 2, ..., b};
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The negative ideal solution: f− = ( f−1 , ..., f−j , ..., f−n ),where f−j = mink { fkj|k = 1, 2, ..., b}.
This approach can only be used for the ranking and selection of alternatives and must be used for
more than two alternatives, f ∗j = maxk fkj and f−j = mink fkj when k = 1, 2, ..., b.

(2) The modified approach for replacement by the aspiration level and the worst value is , as follows:

The aspiration level: faspired = ( f aspired
1 , ..., f aspired

j , ..., f aspired
n ), where f aspired

j is an aspiration level,
or called the best value;

The worst values: fworst = ( f worst
1 , ..., f worst

j , ..., f worst
n ), where f worst

j is a worst value.

In this study, performance scores ranging from 0 to 10 (very bad← 0, 1, 2, . . . , 9, 10→ very good)
are used with natural language in the linguistic/semantic questionnaire; thus, the aspiration level
takes the highest score of 10 and the worst value takes the value of 0. Hence, f aspired

j = 10 is defined
as the aspiration level and f worst

j = 0 as the worst value to avoid choosing the best among inferior
choices/options/alternatives. Hence, this approach avoids “picking the best apple from a barrel of
rotten apples.” Therefore, the modified VIKOR method can not only be used for the ranking and
selection of alternatives but can be also used for addressing performance gap improvement towards
realizing a healthy aging society improvement. However, the modified VIKOR method can be used
for a limited number of alternatives, that is, only one (single) alternative [75].

Step 2: Determine the mean group utility for the gap and then establish the priority improvement strategy.
These values can be calculated using Equation (A17):

sk =
n

∑
j=1

wjrkj =
n

∑
j=1

wj(| f
aspired
j − fkj|)/(| f

aspired
j − f worst

j |) (A17)

where sk is defined as the normalized ratio (%) of distance to the aspiration level, which implies the
synthesized gap of the criteria. Here, wj indicates the IWs for the criteria obtained from DANP.

Overall, the modified VIKOR method can also be used for the ranking and selection of alternatives
and for the improvement of performance gaps of criteria [76], based on INRM produced by systematics;
“stopgap piecemeal” approachers and “picking the best apple from a barrel of rotten apples” can
thereby be avoided. Moreover, this method can even be used to solve any daily or single issue
(i.e., a single issue, with no other alternatives) as well as for improving performance gaps when
considering all perspectives (dimensions) and criteria [77], such as for solving the problem of this
research topic.

Appendix B. Results in Detail

Primarily, the gradual and continuous improvement strategies developed in this study were used
to establish an improvement model of POS for a healthy aging society. DANP (DEMATEL-based ANP)
was used to develop the structure of influential relationships and analyze the relationship (interaction)
and the influential degree of the three dimensions and 16 criteria. As mentioned in Appendix A,
we used the results of the nine experts’ questionnaires to measure the total influence matrix T and
the degrees of influence. Table A1 shows the initial influence matrix D =

[
dij
]

n×n derived from the
average value of the nine experts’ questionnaires. The consistency gaps of these nine questionnaires
were 4.72% and were smaller than 5%, implying that the confidence level was 95.28%, which is more
than 95%, as demonstrated by the following text.

Tables A2–A4 show the relationship between the total influence matrix T and the degrees of
influence. Table A2 illustrates the total relationships among the 16 criteria. Table A3 illustrates the two
types of information, namely the relationships among the three dimensions and the degree of influence
of each dimension. The degree of influence of each dimension combined with the INRM revealed that,
based on experts’ judgment, the dimension of nature enjoyment (D2) had the highest effect among all
dimensions and was thus the most influential dimension. The degree of influence of social interaction
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(D3) was the lowest, and mobility (D1) had intermediate influence. Table A4 presents the sum of
influences given or received from the degree of influence of each criterion within its own dimension.

The IWs of criteria were obtained from the ANP process in the DANP model. First, based on
Equations (A9)–(A12), the unweighted supermatrix Wα was obtained by transposing the normalized
influence matrix TC, as shown in Table A5. The weighted supermatrix W based on Equations (A13)
and (A14) is shown in Table A6. Then, the IWs of DANP were obtained by limiting the power of the
weighted supermatrix, as shown in Table A7. The criterion of high-quality vegetation (C22) exhibited
the highest IW value (0.080), whereas waste arrangement (C24) exhibited the lowest value (0.040).

Table A1. Initial influence matrix A.

Criteria C11 C12 C13 C14 C15 C21 C22 C23 C24 C25 C31 C32 C33 C34 C35 C36

C11 0.000 0.889 1.556 1.000 0.444 0.333 0.778 0.556 0.111 1.333 0.333 1.222 0.333 0.556 0.667 0.333
C12 2.000 0.000 2.333 3.111 2.000 0.778 2.111 2.222 0.444 1.111 0.667 2.444 1.556 0.889 2.778 1.000
C13 2.444 3.556 0.000 2.778 2.333 2.111 2.111 2.000 0.333 2.222 2.889 3.000 2.667 1.556 2.889 0.667
C14 2.222 3.667 3.222 0.000 1.778 1.333 1.889 2.222 1.222 1.444 2.889 3.556 2.111 2.667 2.111 1.111
C15 1.889 1.889 2.000 1.222 0.000 1.000 2.556 2.778 0.333 2.111 1.778 1.444 1.556 1.889 2.889 1.444
C21 1.111 1.667 1.444 1.667 2.111 0.000 2.889 2.111 1.222 2.778 2.556 1.222 3.556 3.000 2.000 1.667
C22 2.111 2.889 2.667 2.556 1.889 3.667 0.000 3.111 3.000 2.556 3.333 3.222 2.889 3.556 2.444 2.000
C23 1.889 2.444 2.333 2.556 2.000 2.667 2.889 0.000 2.667 2.556 3.556 2.444 2.111 3.111 1.667 3.111
C24 0.667 0.444 1.444 0.556 1.000 1.111 2.444 2.444 0.000 1.000 2.444 1.333 1.556 1.333 1.111 0.778
C25 1.000 1.444 0.889 0.889 1.444 2.556 1.889 2.333 0.667 0.000 1.778 1.556 1.111 0.889 0.667 3.222
C31 0.667 0.222 1.333 1.000 1.778 1.333 2.000 2.222 0.778 2.222 0.000 2.889 2.111 2.222 1.778 0.667
C32 1.222 1.889 1.556 1.667 2.111 0.778 1.333 1.000 0.111 0.333 2.667 0.000 2.778 2.222 2.444 1.000
C33 1.889 0.778 1.778 2.444 2.000 3.667 3.222 1.667 1.444 1.000 2.778 2.444 0.000 2.889 2.778 1.333
C34 1.111 0.333 1.111 1.556 2.222 1.333 2.556 1.778 1.222 1.556 2.111 1.111 1.333 0.000 1.556 0.444
C35 1.222 2.778 2.667 2.444 2.000 2.667 2.889 1.889 2.000 0.778 2.667 2.556 1.778 2.667 0.000 1.778
C36 2.111 1.778 1.111 1.778 2.111 2.444 1.667 1.778 0.444 3.000 2.111 0.556 1.000 1.444 2.222 0.000

Note: Average gap-ratio in consensus (%) = 1
n(n−1)

n
∑

i=1

n
∑

j=1

(∣∣∣dH
ij − dH−1

ij

∣∣∣/dH
ij

)
× 100% = 4.72% < 5%, where n is

the number of criteria (n = 16), H is the sample of nine experts (H = 9) whose practical experience and significant
confidence reach 95.28% (more than 95%).

Table A2. The total influence matrix of criteria TC.

Criteria C11 C12 C13 C14 C15 C21 C22 C23 C24 C25 C31 C32 C33 C34 C35 C36

C11 0.029 0.055 0.069 0.057 0.044 0.041 0.056 0.048 0.022 0.061 0.049 0.067 0.043 0.050 0.052 0.033
C12 0.116 0.083 0.136 0.152 0.125 0.100 0.143 0.136 0.060 0.100 0.117 0.149 0.120 0.113 0.151 0.084
C13 0.143 0.180 0.103 0.166 0.154 0.150 0.169 0.155 0.069 0.144 0.190 0.186 0.167 0.152 0.177 0.093
C14 0.136 0.180 0.173 0.102 0.141 0.130 0.162 0.158 0.087 0.125 0.189 0.196 0.153 0.173 0.159 0.099
C15 0.115 0.126 0.130 0.113 0.083 0.110 0.157 0.153 0.061 0.127 0.145 0.129 0.122 0.138 0.156 0.098
C21 0.107 0.129 0.128 0.134 0.144 0.100 0.180 0.152 0.088 0.153 0.178 0.138 0.179 0.178 0.150 0.112
C22 0.153 0.184 0.184 0.182 0.168 0.208 0.150 0.204 0.143 0.174 0.231 0.214 0.197 0.222 0.191 0.139
C23 0.139 0.164 0.165 0.170 0.158 0.175 0.199 0.123 0.129 0.165 0.221 0.184 0.167 0.198 0.161 0.155
C24 0.069 0.071 0.096 0.076 0.086 0.092 0.131 0.124 0.040 0.083 0.136 0.103 0.103 0.105 0.094 0.067
C25 0.083 0.101 0.089 0.090 0.103 0.130 0.126 0.128 0.058 0.068 0.128 0.113 0.099 0.101 0.092 0.127
C31 0.077 0.076 0.103 0.096 0.114 0.106 0.133 0.129 0.064 0.118 0.093 0.148 0.125 0.135 0.120 0.072
C32 0.090 0.112 0.108 0.111 0.120 0.091 0.117 0.101 0.047 0.075 0.149 0.083 0.138 0.133 0.135 0.075
C33 0.126 0.115 0.140 0.153 0.144 0.183 0.191 0.145 0.095 0.117 0.188 0.168 0.106 0.181 0.170 0.104
C34 0.083 0.074 0.093 0.102 0.117 0.100 0.138 0.115 0.071 0.100 0.133 0.104 0.102 0.078 0.109 0.063
C35 0.115 0.161 0.161 0.157 0.147 0.161 0.185 0.153 0.107 0.113 0.187 0.174 0.148 0.176 0.111 0.115
C36 0.114 0.116 0.103 0.117 0.125 0.134 0.131 0.125 0.058 0.142 0.143 0.102 0.104 0.121 0.134 0.061

Table A3. The total influence matrix of criteria TD and sum of influences given/received on dimensions.

Dimensions D1 D2 D3 oi ri oi + ri oi − ri

Mobility (D1) 0.116 0.109 0.125 0.350 0.359 0.709 −0.009
Nature enjoyments (D2) 0.127 0.133 0.149 0.409 0.360 0.769 0.049
Social interaction (D3) 0.116 0.118 0.125 0.358 0.399 0.757 −0.041
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Table A4. Sum of influences given/received on criteria.

Criteria oi ri oi + ri oi − ri

Legibility (C11) 0.252 0.539 0.791 −0.286
Interior to exterior connection (C12) 0.612 0.623 1.235 −0.011

Barrier-free sidewalks (C13) 0.746 0.610 1.356 0.135
Route pattern (C14) 0.733 0.589 1.322 0.143

Sufficient lighting (C15) 0.567 0.548 1.114 0.019
High-density vegetation (C21) 0.674 0.704 1.378 −0.029
High-quality vegetation (C22) 0.879 0.786 1.665 0.093

Water features (C23) 0.791 0.732 1.523 0.059
Waste arrangement (C24) 0.471 0.459 0.929 0.012
Natural art design (C25) 0.510 0.645 1.155 −0.134
Seats on pathways (C31) 0.693 0.893 1.586 −0.200

Access to life facilities (C32) 0.714 0.778 1.492 −0.064
Co-maintenance spaces (C33) 0.917 0.723 1.639 0.194

Intimate seating (C34) 0.588 0.824 1.413 −0.236
Multifunctional space (C35) 0.910 0.779 1.689 0.131

Historical and cultural heritage (C36) 0.664 0.490 1.154 0.174

Table A5. The un-weighted supermatrix Wα.

Criteria C11 C12 C13 C14 C15 C21 C22 C23 C24 C25 C31 C32 C33 C34 C35 C36

C11 0.114 0.189 0.191 0.186 0.203 0.167 0.176 0.175 0.173 0.178 0.166 0.166 0.186 0.176 0.155 0.198
C12 0.216 0.135 0.241 0.246 0.222 0.201 0.212 0.206 0.179 0.216 0.164 0.207 0.169 0.158 0.218 0.202
C13 0.273 0.222 0.138 0.236 0.229 0.200 0.211 0.207 0.240 0.191 0.221 0.200 0.206 0.199 0.218 0.179
C14 0.225 0.248 0.222 0.139 0.200 0.208 0.209 0.213 0.191 0.194 0.205 0.205 0.226 0.217 0.212 0.204
C15 0.173 0.205 0.207 0.193 0.147 0.224 0.193 0.199 0.217 0.221 0.244 0.222 0.213 0.250 0.198 0.217
C21 0.180 0.185 0.218 0.197 0.181 0.149 0.236 0.221 0.195 0.254 0.193 0.212 0.250 0.191 0.224 0.228
C22 0.246 0.265 0.246 0.244 0.259 0.268 0.170 0.252 0.278 0.246 0.242 0.272 0.261 0.264 0.257 0.221
C23 0.211 0.253 0.225 0.238 0.252 0.226 0.232 0.156 0.264 0.252 0.234 0.234 0.199 0.219 0.212 0.212
C24 0.096 0.111 0.101 0.132 0.100 0.131 0.163 0.163 0.086 0.114 0.116 0.108 0.130 0.135 0.149 0.098
C25 0.266 0.185 0.209 0.189 0.209 0.227 0.198 0.209 0.177 0.134 0.215 0.173 0.160 0.190 0.158 0.241
C31 0.168 0.159 0.197 0.195 0.184 0.190 0.193 0.203 0.224 0.193 0.134 0.209 0.205 0.227 0.205 0.216
C32 0.227 0.203 0.193 0.202 0.164 0.147 0.179 0.169 0.170 0.171 0.213 0.117 0.183 0.176 0.191 0.153
C33 0.146 0.163 0.173 0.158 0.155 0.192 0.165 0.154 0.169 0.150 0.181 0.193 0.116 0.173 0.163 0.156
C34 0.170 0.154 0.157 0.179 0.176 0.190 0.186 0.183 0.172 0.153 0.195 0.186 0.197 0.133 0.193 0.182
C35 0.177 0.206 0.184 0.164 0.197 0.160 0.160 0.149 0.155 0.140 0.173 0.190 0.186 0.185 0.122 0.201
C36 0.113 0.114 0.096 0.102 0.124 0.120 0.117 0.143 0.110 0.193 0.104 0.105 0.114 0.106 0.126 0.091

Table A6. The weighted supermatrix W.

Criteria C11 C12 C13 C14 C15 C21 C22 C23 C24 C25 C31 C32 C33 C34 C35 C36

C11 0.038 0.063 0.064 0.062 0.067 0.052 0.055 0.054 0.054 0.055 0.053 0.054 0.060 0.057 0.050 0.064
C12 0.072 0.045 0.080 0.082 0.074 0.062 0.066 0.064 0.055 0.067 0.053 0.067 0.055 0.051 0.070 0.065
C13 0.091 0.074 0.046 0.078 0.076 0.062 0.065 0.064 0.075 0.059 0.071 0.064 0.066 0.064 0.070 0.058
C14 0.075 0.083 0.074 0.046 0.066 0.065 0.065 0.066 0.059 0.060 0.066 0.066 0.073 0.070 0.068 0.066
C15 0.057 0.068 0.069 0.064 0.049 0.069 0.060 0.062 0.067 0.069 0.079 0.072 0.069 0.081 0.064 0.070
C21 0.056 0.058 0.068 0.061 0.056 0.048 0.077 0.072 0.063 0.083 0.064 0.070 0.082 0.063 0.074 0.075
C22 0.077 0.082 0.076 0.076 0.080 0.087 0.055 0.082 0.090 0.080 0.080 0.090 0.086 0.087 0.085 0.073
C23 0.066 0.079 0.070 0.074 0.078 0.073 0.076 0.051 0.086 0.082 0.077 0.077 0.066 0.072 0.070 0.070
C24 0.030 0.035 0.031 0.041 0.031 0.043 0.053 0.053 0.028 0.037 0.038 0.036 0.043 0.045 0.049 0.032
C25 0.083 0.058 0.065 0.059 0.065 0.074 0.064 0.068 0.058 0.044 0.071 0.057 0.053 0.063 0.052 0.079
C31 0.060 0.057 0.070 0.070 0.066 0.069 0.071 0.074 0.082 0.071 0.047 0.073 0.071 0.079 0.071 0.075
C32 0.081 0.073 0.069 0.072 0.059 0.054 0.065 0.062 0.062 0.062 0.074 0.041 0.064 0.061 0.066 0.053
C33 0.052 0.058 0.062 0.056 0.055 0.070 0.060 0.056 0.062 0.055 0.063 0.067 0.040 0.060 0.057 0.054
C34 0.061 0.055 0.056 0.064 0.063 0.069 0.068 0.067 0.063 0.056 0.068 0.065 0.069 0.046 0.067 0.063
C35 0.063 0.074 0.066 0.058 0.070 0.058 0.058 0.054 0.057 0.051 0.060 0.066 0.065 0.064 0.043 0.070
C36 0.040 0.041 0.034 0.037 0.044 0.044 0.043 0.052 0.040 0.070 0.036 0.037 0.040 0.037 0.044 0.032
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Table A7. The influential weights of DANP when limz→∞(W) z.

Criteria C11 C12 C13 C14 C15 C21 C22 C23 C24 C25 C31 C32 C33 C34 C35 C36

IWs 0.038 0.063 0.064 0.062 0.067 0.052 0.055 0.054 0.054 0.055 0.053 0.054 0.060 0.057 0.050 0.064
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