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Abstract: The design of elements which exert pivotal effects on leisurely physical activity (LPA) in
open space is an important part of urban development. However, little research has been done
about the influence and discrepancies of those elements in different types of open space. To
research these issues and to guide the design of urban open space, a survey from 8 open spaces (2
curtilage, 2 neighborhood squares (NS), 2 parks, and 2 campus) is conducted and a questionnaire is
administered. Simultaneous analysis of several groups (SASG) of Structure equation model (SEM)
is used, and the effects and discrepancies are acquired. In addition to this situation, interval type 2
(IT2) fuzzy hybrid decision making model is proposed in the second analysis. In this framework,
IT2 fuzzy decision-making trial, evaluation laboratory (DEMATEL), and IT2 fuzzy technique for
order preference by similarity to ideal solution (TOPSIS) methods are used. The results show that
the influence relationships between elements and LPA did exist in four groups. Another important
conclusion is that there were discrepancies of influence among different space groups. Physical
environment (PE) has the greatest influence on LPA in the curtilage, whereas facilities exert the
most effect in NS group. Additionally, amenities only have significant impact in parks and facilities
only exercise remarkable influence on duration on campus. In addition to them, it is also identified
that key design elements are presented for different types of space and that design strategy is
provided through 4 specific examples.

Keywords: physical activity; environment; public health; structure equation model; DEMATEL;
TOPSIS; interval type 2 fuzzy sets

1. Introduction

Public health policies aim to maintain a healthy life and to protect people from diseases [1-3].
There are a number of practices that are necessary to increase public health [4-6]. Physical activity of
the public plays an important role for the improvement of public health. The main reason for this is
that physical inactivity can cause some important health problems, such as obesity [7]. Therefore,
people living in the country need to be encouraged to be more mobile. For this purpose, there are
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some things people can do [8-10]. For example, walking or cycling for transportation will help
people become more active. In addition, performing fitness exercises and participating in sports
activities are other practices that can minimize physical inactivity. These types of physical activity
will contribute to the health of people. There are a number of strategies that can be implemented by
countries to increase this issue. One of the most important issues in this process is the creation of
environments within the country to support physical activities [11].

There are many different opportunities for people to have leisurely physical activity (LPA). In
this context, there can be some facilities in which citizens can join some sport activities. For instance,
wide open space for dancing and paths for walking and jog can contribute LPA [12]. In addition to
these issues, play equipment for kids and fitness equipment for adults are also other examples for
this situation. Moreover, physical environment (PE) also plays a very key role for LPA [13]. Within
this framework, the trees can be planted for shade, and fresh air and adequate trash bins can be
provided to maintain sanitation. The main reason is that PE, such as noise and air, has impact on
physical activities. Additionally, amenities, such as tables, retail stores, and toilets in the parks can
promote LPA. Furthermore, aesthetics can also make contribution to higher LPA. For this purpose,
green plants and water bodies can help people to become physically active. In addition to these
factors, maintenance and safety (MS) can have a positive influence on LPA as well [14,15].

In this context, it is very important to determine which physical activity will have more impact
on public health. In other words, there are many different factors that improve public health.
However, it may not be possible for policy makers to invest in all of them at the same time. It is
possible to talk about many different reasons for this restriction [16]. Primarily, investing in the
development of physical activities is very costly. Therefore, the state institution may not have
sufficient budget to invest in all factors at the same time. Therefore, it is very important to identify
and focus on priority investment areas in order to develop physical activities. In this way, it will be
possible both to contribute to the development of physical activities and to use the public budget
effectively [17,18].

Structural equation model is one of well-known methods in order to examine the causality
process between multiple variables especially in social sciences [19]. This method has been preferred
for different purposes by different researchers, especially in recent years. It is thought that it will be
effective in the emergence of the important issues in the analysis to be carried out in order to
increase physical activities. In addition to the mentioned issue, multi-criteria decision-making
methods (MCDM) are approaches used for this purpose in the literature. With methods such as
analytic hierarchy process (AHP), analytic network process (ANP), and DEMATEL, it is possible to
identify the most important among the different alternatives [20-23]. These methods have also been
taken into consideration within the framework of fuzzy logic in recent years. Considering the
mentioned issues, it will be possible to determine which physical activities affect public health more
with these approaches.

The allocation and user requirements of elements differ in various types of urban open space.
This situation also leads to diverse effects of elements on LPA in different spaces. However, little
research has been done on discrepancies of this influence. In this paper, it is aimed to evaluate
environmental activities for developing the public health investments and policies in Harbin, China.
In this scope, the literature is reviewed and 6 factors that influencing the environmental activities are
defined. Additionally, duration and frequency are also taken into consideration. On the other side, 4
types of open spaces are also considered. For this purpose, two different analyses are performed.
First of all, an evaluation occurs by using a structural equation modeling. Moreover, IT2 fuzzy
hybrid decision making model is proposed in the second analysis. In this framework, IT2 fuzzy
DEMATEL and IT2 fuzzy TOPSIS methods are used.

The most important contribution of this study is performing two different analyses. With the
help of this issue, a comparative analysis can be made, and this situation provides an opportunity to
test the accuracy of the results. Hence, it is thought that the policy recommendations of this study
can be more appropriate. In addition to this condition, structural equation modeling, IT2 fuzzy
DEMATEL, and IT2 fuzzy TOPSIS methods are used together firstly in this study regarding the
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evaluation of environmental activities for developing the public health investments and policies.
Moreover, the results of this study will be leading both policy makers and academicians. In other
words, by considering the analysis results, it can be much easier to improve public health with the
help of correct policies with respect to the environmental activities.

This study consists of 5 different sections. In the first part, it is stated why issues such as
physical activity and public health are important. Similar studies in the literature are summarized in
the second part of the study. In addition, the third part of the study provides information about the
methods used in the analysis. In the fourth part of the study, the details of the two different analyzes
are given. In this framework, both the structural equation model and the analysis made with IT2
fuzzy multi-criteria decision-making methods are shared. The last part includes the discussion and
conclusion.

2. Literature Review

The issue that environmental factors are also effective on public health has been discussed in
the literature by many researchers. In this process, one of the most significant topics discussed by the
researchers is the physical activity. Within this framework, some researchers argued that physical
activities can be improved when there is low environmental pollution. For this situation, Ogasawara
et al. [12] and Finch et al. [24] identified that the prevention of hazardous waste and that minimizing
environmental pollution lead to higher physical activities, and this issue also contributes to the
improvement of public health. Similarly, Armand et al. [13] and Lu et al. [25] focused on the
relationship between environmental pollution, economic development, and public health. It is
determined that, if air and water are not polluted, it can be more possible to increase physical
activities which are prominent issues for citizens to lead a healthy life.

In addition to them, some researchers in the literature also defined that green areas are very
important to increase the physical activities of the citizens. For this situation, it is mainly discussed
that, in the country, there should be lots of green areas for the people to perform these activities. In
this framework, McLafferty and Murray [14] and Moretti et al. [26] aimed to evaluate the
environmental and human health impact of road construction activities. They mainly stated that
physical activities will be adversely affected if the green areas are destroyed and construction is
done. Parallel to these studies, Henry and Price [15] and Pilkington et al. [27] also focused on the
effects on environmental factors on the physical activities. In this study, it is identified that, if
environments are not well designed, there is a risk that physical activities in this country can be
lowered.

Moreover, Hunter et al. [16] and Cronk and Bartram [28] also tried to examine the
environmental conditions in health care facilities in low-and middle-income countries. According to
the results of the analysis, it is identified that, in order to increase public health, citizens should have
areas to perform physical activity. In this context, environmental factors play a very key role for the
people to join physical activities. In other words, if there are lots of green areas in the country, this
situation attracts the attention of the people to do these activities. Chauvin et al. [17] and Jang et al.
[29] made also a similar study for this issue. They also underlined the importance of green areas to
improve physical activities in the country. In addition to these studies, Kojan et al. [19] and Morici et
al. [30] also made an analysis to understand the relationship between environmental issues and
physical activities. They reached the conclusion that measures should be taken to reduce
environmental pollution in order to improve physical activities. Hence, it can be much easier to
implement an effective public health policy.

In the literature, some researchers also identified the main advantages of the physical activities
in improving public health. It is observed that the public can prevent many diseases by doing
physical activities. For example, Dudley et al. [31] made an evaluation regarding the physical
literacy policy in public health. In this study, it is mainly concluded that physical activities play a
very significant role to improve public health. Therefore, it has been stated that the public should
have environments that can perform physical activity. Additionally, White et al. [32] also aimed to
examine physical activity in natural environments to have better health condition. In this context, it
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is recommended to put physical activity equipment in places such as the park that everyone can
reach.

In addition, some studies in the literature determined that the creation of areas such as walking
trails, where the public will engage in physical activity, will also contribute to the development of
this issue. Hulteen et al. [33] aimed to understand how global participation in sport and leisure-time
physical activities can be increased. They argued that necessary areas should be created for the
people to make physical activities. Parallel to this study, Khan et al. [34] also focused on the patterns
of physical activity in adolescents in Dhaka city of Bangladesh. They mainly stated that, for a more
effective public health policy, the public should be ensured to participate in physical activities.
Kobau et al. [35] and Saunders et al. [36] also determined that, as a result of physical activities, some
diseases will decrease, and this will contribute to the improvement of public health.

As a result of the literature review, it was determined that many different analyzes were made
on the subject of public health. In the studies, issues such as the importance of public health, how it
can be increased, and what it has a positive effect on were examined. In these studies, it is seen that
regression analysis and survey methods are generally preferred. However, it is thought that more
specific suggestions are needed to increase public health and that studies are needed. This study
focused on physical activity to increase public health. In this framework, a study has been conducted
on what kinds of physical activity opportunities should be created. Therefore, it is thought that this
detailed study will be directed towards this need stated in the literature.

3. Materials and Methods

In this paper, it is aimed to examine the environmental activities for developing the public
health investments and policies in Harbin, China. For this purpose, two different analyses are
performed. First of all, an evaluation occurs by using a structural equation modeling. Moreover, IT2
fuzzy hybrid decision-making model is proposed in the second analysis. In this framework, IT2
fuzzy DEMATEL and IT2 fuzzy TOPSIS methods are used. IT2 fuzzy sets aim to minimize
uncertainty of interval type-1 fuzzy sets. For this purpose, upper and lower trapezoidal membership
functions are considered [37,38]. The details of calculations of IT2 fuzzy sets are given in the
Appendix. DEMATEL approach is considered to find the significance values of different
alternatives. It is also possible to make impact relationship analysis with this methodology. Thus, it
is thought that DEMATEL has some advantages over similar methodologies [39]. For instance, it is
possible to generate impact relation map between the criteria. In this process, initial direct-relation
fuzzy matrix, normalized matrix, and total relation matrix are created so that the weights of the
factors can be defined. The details of this process are also shared in the Appendix as well. On the
other side, TOPSIS methodology is also used to rank different alternatives according to their
importance. This approach is mainly considered to understand which alternatives are more effective
in comparison with others [40]. Its calculation process is also explained in the Appendix.

Moreover, a comparative analysis is applied for ranking the alternatives of environmental
activities to develop the most appropriate public health policies. For this purpose, 6 factors that
influencing the environmental activities are defined based on the literature review, and they are
presented in Table 1.

Table 1. Factors influencing the environmental activities.

Factors Supported Literature
facilities (In) [28,29]
accessibility (I2) [30,32]
physical environment (Is) [33,34]
amenities (I4) [29,36]
aesthetics (I5) [24,25]
maintenance and safety (Is) [17,18]

*I represents different criteria.
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As can be seen from Table 1, 6 different environmental factors were identified in order to
increase physical activity. First of all, it is possible to increase the participation of the people in
physical activities with the help of some facilities. In this framework, walking track and exercise
equipment contribute to achieving this goal. On the other hand, these facilities must be at an
accessible location in order to increase physical activities. Otherwise, it will not be possible to sustain
these physical activities. In addition, the quality of the physical environment is important in
increasing physical activities. In this context, it is an important advantage to find forest areas in the
living environment. In addition, the fact that the air is not dirty plays an important role in this
framework. Moreover, amenities, such as tables, retail stores, and toilets in the parks can contribute
the improvement of the increase physical activities. Also, aesthetics like green plants and water
bodies can help people to become physically active. Additionally, people who want to join physical
activities prefer to feel secure. Different environmental activities for the public health are determined
to analyze the leisurely public activities. For this purpose, 4 alternatives of leisurely public activities
are selected as curtilage (alternative 1), neighborhood square (alternative 2), park (alternative 3), and
campus (alternative 4). The evaluations are provided by considering the environmental activities of
Harbin in China.

In this study, two different analyses are performed. In the first stage, Structure Equation Model
(SEM) is applied for understanding the behavioral results more accurately. This model is one of the
most important statistical methods in the field of behavioral and social sciences. Simultaneous
analysis of several groups (SASG) can be used to analyze whether the theoretical model proposed by
the researchers is the same in different groups. It can also test the discrepancies of related paths in
the same group. In this paper, the discrepancies of the relationships in 4 types of open spaces is
studied by SASG. Randomly selected respondents are administered a questionnaire survey.
Additionally, three pieces of information including the quality evaluation of the elements, self-rated
LPA (the frequency every week and duration every time), and users’ socioeconomic background are
collected. The evaluation of elements is measured by a five-point Likert scale, which use very poor,
poor, average, good, and very good. Elements include 6 different domains (facilities, accessibility,
physical environment (PE), amenities, aesthetics, and maintenance and safety (MS)), and 42 items
involved in the questionnaire are derived from the previous studies. Furthermore, 400
questionnaires are randomly distributed in 8 urban open spaces in Harbin, including 4 space types
(curtilage, NS, park, and campus). The survey recovers 322 valid questionnaires with a recovery rate
of 80.5%.

In the second stage, a hybrid fuzzy decision-making model based on IT2 fuzzy sets is used for
comparing the analysis results of factors and environmental activities. Three decision makers that
are experts in the field of environment and public health are appointed for the linguistic evaluations
for the factors and physical activities. IT2 fuzzy DEMATEL is applied for weighting the factors of
environmental activities, and IT2 fuzzy TOPSIS is used for ranking the alternatives of leisurely
physical activities. Thus, it is possible to understand the coherency of analysis and to develop the
public health policies in detail. In this study, two different analyses are performed. With respect to
the structure equation model results, a survey study is made with 322 different respondents. The
details of the survey questions and these people are given on the Appendix (Table Al).

4. Results

In this study, two different analyses are performed. In the first aspect, an evaluation is made by
using a structural equation modeling. After that, IT2 fuzzy hybrid decision making model is
proposed in the second analysis. In this section of the study, two different analysis results are given.

4.1. Analysis Results of Structural Equation Method

The reliability test is carried out by Cronbach's a coefficients, and it is calculated as the whole
scale and each group. All a coefficients are greater to 0.8 (0.809~0.957). It means that the reliability of
the whole scale and each group are all significant. The construct validity of the questionnaire is
analyzed by exploratory factor analysis. Kaiser-Meyer—-Olkin measure and Bartlett’s test of
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sphericity (KMO = 0.928, Sig = 0.000) indicates that the validity of the questionnaire is suitable for
further analysis. According to the past study achievements, the research made an assumption of the
influence of facilities (I1), accessibility (I12), PE (I3), amenities (I4), aesthetics (I5), and MS (I6) on the
frequency (F) and duration (D) of LPA. It also considered the influence among elements, and the
final influencing model is established as shown in Figure 1. All the sample dates are introduced into
the model, and nonsignificant routes are removed; the final influencing model (full model) is
obtained as shown in Figure 2 after repeated fitting. All the fitting indexes in the final model are
shown in Table A2. In view of the complexity of the model, three simplicity indexes, Parsimonious
Normed Fit Index (PNFI), Parsimony Goodness of Fit Index (PGFI) and Parsimony Comparative Fit
Index (PCFI), have a slight difference from the fitting standard, with the rest of the indexes up to the
standard. As a result, it can be said that the model fitting is good and meets the requirements.
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16

19
Accessibilityl— L : . : Freqliencj
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52
28 2918 16 .
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44
A 38
.00 45
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Figure 1. Final influencing model.

It is known from the final influencing model that facilities have a direct influence on the
duration and frequency of LPA. On the other side, it is also defined that accessibility and PE directly
influence the frequency and duration, respectively. Furthermore, amenities and MS exert an indirect
influence on frequency by means of impacting other elements. Similarly, aesthetics also has an
indirect influence on frequency and duration. SASG is performed with space types as the moderator
variable on the basis of the above final model. The discrepancies of the relationship between
elements and LPA in different space groups is analyzed, and the results are shown in Table A3. The
PE of the curtilage exerts a significant influence on LPA. Additionally, the facilities, accessibility, PE,
and MS of NS all have notable influence. In addition to them, facilities, accessibility, amenities,
aesthetics, and MS all significantly affect LPA in the park. Moreover, facilities, aesthetics, and MS
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exercise remarkably impact campus LPA. The effect among the elements also exists in 4 groups, as
shown in Table A4.

The significant discrepancies of relevant paths within groups are examined by SASG; the
results are shown at Table 2, combined with Table A3 and Table A4. The facilities and PE of the
curtilage have sharply different influences on LPA, and only the latter exerts obvious influence. MS
and amenities have significantly different impacts on the PE, and only the latter exerts drastic
influence. Facilities and accessibility of NS have drastically different effects on frequency; the former
is greater than the latter. In the park group, facilities and accessibility have great differences on
frequency, with the former having notable influence and the latter having nonsignificant influence.
The facilities and PE of campus have different influences on duration, with the former having
notable influence and the latter having nonsignificant influence; MS and aesthetics have enormously
different influences on the PE, with the former having nonsignificant influence and the latter having
notable influence.

Table 2. Differential critical ratio of paths in the groups.

differential critical ratio

path curtilage NS Park campus
DI L 2.137* 1.696 1.555 1.979*
FIi. 2 0.222 _1'364 -1.968* -1.017
Il I5 -1.809 -1.115 -2.455% 1.908
Iae—Ta\ I —2.457% -1.286 -3.377***  -0.741
eIs. Is 0.081 -0.138 0.020 -2.986**
Il Is -0.326 0.702 -0.252 0.339
Lie—TIas Is -1.781 -0.353 -0.538 -0.992
Ii—I5. Ie -1.004 -1.090 -0.161 -1.295
Ts—T6\ Is 1.065 -1.130 2.990** 1.227

*p <0.05; **p<0.01; **p<0.001
*p: probability; D: duration; F: frequency; I: criteria; NS: neighborhood squares

Significant discrepancies among groups can be seen from Table A3-A5. The facilities in the NS
and parks groups have significant influence on frequency, with the former exerting greater influence
than the latter. Aesthetics in the campus and other three groups has tremendously different impacts
on the PE, with the former having remarkable influence and the latter three exerting insignificant
influence. MS in NS and the other three groups has sharply different effects on amenities, with the
influence in the NS greater than that in campus with the influence of the other two being
insignificant. Additionally, facilities in NS and parks have different influences on frequency, with
that of the former greater than the latter. From the above analysis, the special elements are found
which should be considered in the design of urban open space.

4.2. Analysis Results of Fuzzy MCDM Approaches

On the other side, regarding the interval type 2 fuzzy hybrid model results, firstly, 6 criteria of
environmental activities as well as duration and frequency are analyzed to employ the relation
matrix among the factors. The experts give their opinions by considering the linguistic scales as seen
in Table A6 [41]. On the other side, the linguistic evaluation results for the relation matrix by the
decision makers are presented in Table A7. Linguistic scales are adapted to the trapezoidal fuzzy
number for analyzing the relative importance and directions among the factors. For that, fuzzy
direct relation matrix is constructed, and the results are given in Table A8. The averaged values of
decision makers are considered to compute the final fuzzy direction matrix. In the following
process, the normalized and defuzzified values are computed to construct the total relation matrix
and impact-relation map of factors. The total relation matrix as well as the directions and the weights
of factors are presented in Table 3.
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Table 3. Total relation matrix and impact-relation degrees of factors.

1 12 13 14 15 16 D F ry -y Weights

n 019 015 034 014 016 015 030 034 3.88 -0.31 0.172
2 017 0.05 017 0.11 014 0.08 024 018 2.06 0.22 0.091
I3 031 009 014 011 0.09 0.09 018 031 3.08 -0.44 0.136
I4 035 008 028 0.07 0.08 0.09 013 0.16 247 0.01 0.109
I5 043 014 028 027 012 023 017 020 292 0.80 0.129
Ie 045 031 033 032 030 013 021 023 3.19 1.36 0.141
D 006 003 006 006 004 004 007 021 214 -1.01 0.094
F 014 0.07 015 015 0.12 0.10 028 012 287 -0.63 0.127

*p: probability; D: duration; F: frequency; I: criteria; r: sum of the rows; y: sum of the columns.

According to the results, I1 (facilities) is the most important factor while I2 (accessibility) has the
weakest priorities in the factor set. The weighting results are obtained by normalizing the values of
r+y, and the values of r-y show the influence directions among the factors. Accordingly, Figure 2
illustrates the relation map of factors.

facilities (11) accessibility (12)

frequency (F) physical

‘A
N
—>

environment (13)

! T

duration (D) amenities (14)

/4

aesthetics (15)

Y

maintenance and
Safety (16) <>

Figure 2. Relation map of factors.

The average value of total relation matrix is defined as a threshold, and higher values than
threshold are selected as there is an influence between the factors. Most factors have an impact on
duration and frequency. 12 (accessibility) has the least directions on the other factors as maintenance
and safety (I6) influences the most. It is understood that the directions among the factors are
coherent when it is compared with the results of the structure equation model. However, the
alternatives of physical activity are ranked with TOPSIS based on interval type 2 fuzzy sets. For this
purpose, the decision makers provide their linguistic evaluations by considering the evaluation
scales stated in Table A9 [42]. Linguistic evaluations of alternatives are collected by the decision
makers, and the results are represented in Table A10. Linguistic evaluations are converted into the
fuzzy numbers, and the averaged values are presented as decision matrix in Table A11. After this
step, defuzzified values of decision matrix are computed, and the weighted matrix is constructed by
considering the results of IT2 FDEMATEL. The results are given in Table Al2. In the following
process, the values of D+ and D- as well as the closeness coefficient are calculated to rank the
alternatives. The values are presented in Table 4.
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Table 4. Ranking results of alternatives.

Alternatives D+ D- CCi  Ranking
Curtilage (Alternative 1) 0.234 0.241 0.508 2
Neighborhood squares (Alternative 2) 0.203 0.171  0.457 4
Park (Alternative 3) 0.190 0.252  0.570 1
Campus (Alternative 4) 0259 0.220 0.460 3

*D+: distance to weighted positive solution; D-: distance to weighted negative solution CCi: closeness
coefficient.

The values of CCi are ranked by decreasing order. According to the results, park (alternative 3)
is the best alternative among the environmental activities while neighborhood squares is the worst
alternative of physical activities. However, the results of closeness coefficient by the alternatives are
similar, so each alternative of environmental activity is equally important for public health
investments. The government could develop the investments of physical activities by considering
park (alternative 3), curtilage (alternative 1), campus (alternative 4), and neighborhood squares
(alternative 2).

5. Policy Recommendations for Public Environment

5.1. Curtilage

In the group curtilage, the PE has the greatest influence on duration in the four groups. It is
because such a type of space is mainly distributed in old neighborhood communities suffering poor
maintenance and bad sanitation. Other elements do not have significant influence possibly because
of insufficient layout or non-configuration. Moreover, compared with other groups, amenities have
outstanding influence on the PE because of the influence of such amenities as trash cans on the air
quality of PE. Curtilage, which mainly exists in the old community, is not renovated for lack of
fund. The most urgent task now of curtilage is to improve the PE and the amenities and to provide
some facilities to meet the basic needs of the residents to take LPA. The following is taking the
curtilage in XuanXi community as an example to elaborate design countermeasures.

This community is ropey, and most of the elements are in poor quality. The users are the
community residents, with most being old people and children. To improve the “PE”, the trees are
planted for shade and fresh air and adequate trash bins are provided to maintain sanitation. To
afford a certain number of “facilities” to meet the basic needs of the residents, those strategies are
presented: establishing the human-vehicle branch system; setting roadside parking and zebra
crossing to prohibit the entry of vehicles; and providing the following facilities: wide open space for
dancing, small opening for shadowboxing, a path for walking and jogging, play equipment for kids
such as a swing, fitness equipment for adults, rest facilities for sitting or chess, and lighting for
night and safety.

5.2. Neighborhood Squares

In the group of squares, “facilities”, “accessibility”, “PE”, “aesthetics”, and “MS” have influence
on LPA. Compared with other groups, “facilities” have the greatest impact, indicating that perfect
“facilities” in squares can promote LPA. Such a type of space is represented by the central square of
the new communities, and the task of square space design is to diversify the types of “facilities” to
meet the demands of people of different ages. Meanwhile, due to the influence of other elements on
LPA, the design strategies including “accessibility”, “PE”, “aesthetics”, and “MS” should also be
developed just like those in the square of Rui Cheng community.

This is a new community with a large open square in which there are fitness equipment, trees,
pool, etc. The main users are the elderly people, children, and adolescents of community residents.
To improve the existing facilities to meet the needs of multiple age users, many facilities are
configured including wide open space for dancing; small opening for shadowboxing; a path for
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walking and jogging; fitness equipment; a court for teenagers; resting facilities such as seats,
pavilions, gazebo, etc.; billboards advertising fitness, etc.; lighting for courts; and evergreen plants.

5.3. Park

In the group of parks, “facilities”, “accessibility”, “amenities”, “aesthetics”, and “MS” have
remarkable influence on physical activities. “Facilities” exerting greater influence than
“accessibility” illustrates that users pay more attention to the configuration of “facilities” in the
parks. Additionally, “amenities” only have noticeable influence in this group because such
“amenities” as tables and toilets in the parks can promote LPA there. Urban parks are important
places for the people to take LPA and are used by people of all ages. The present task of design is to
satisfy the demands of people of different ages and backgrounds, focusing on providing
comprehensive fitness facilities and improving “amenities” such as “toilets”, “tables”, “retail
stores”, and so on. “Aesthetics” and “MS” elements should be strengthened concurrently. Specific
design strategies are provided in the following instance.

Yellow River park: The “facilities”, “amenities”, “aesthetics”, and “MS” elements are better in
this park, but the “ball fields”, “accessibility”, and “toilet” are also significantly inadequate. The
users’ background is complex and various, with many belonging to each age group and coming
from surrounding residential areas including the high-, medium-, and low-income communities.
The design objectives should meet the needs of a variety of age groups. A comprehensive and
perfect sports fitness service should be provided. In the future, we should focus on improving the
“amenities” such as “toilet”, “drinking”, “retail”, etc., adding the following facilities: retail store;
overpass to promoting accessibility; play equipment or ground for kids ; security for kids such as
soft ground, etc; park services department; toilet; warning sign; sculpture made of snow or ice;
increased categories of evergreen plants; resting facilities such as seats, pavilions, gazebo, etc; chess
tables; large trees shielding the wind; parking; pedestrian entrance; zebra crossing; top-view map of
park; and obstacle-free caring design.

5.4. Campus

In the group of campus, “facilities”, “aesthetics”, and “MS” have sharp influence and facilities
have remarkable influence on “frequency” and “duration”. The importance of providing “facilities”
on campus for the people can be shown. This kind of space is a supplementary space for public LPA,
the design of which should consider the needs of urban residents around the campus. The primary
task of design is to provide site for football, basketball, standard circular rubber lanes, and so on. The
“aesthetics” and “MS” have important effects on LPA which should be reinforced.

Campus of Harbin Institute of Technology (HIT) Due to serving university students mainly, the
campus lacks fitness facilities, play equipment for kids, and other elements for surrounding
residents. The users cover all kinds of people including university teachers, family members of
teachers, and other residents from surrounding communities containing a wide age distribution
such as children, teenagers, youth, and middle-aged and old people. The design objectives are
providing fitness equipment and free ball fields to the surrounding residents, perfecting auxiliary
facilities to attracting more people to participate in LPA, adding the following facilities: free court or
playground and runway; paved small opening for shadowboxing; a path for walking and jog; play
equipment or ground for kids; fitness equipment for adults; table for placing objects; seats for rest;
billboards advertising fitness; lighting for courts; pedestrian walkways; entrances; and toilets.

6. Conclusion

This paper tries to evaluate environmental activities for developing the public health
investments and policies in Harbin, China. Within this framework, as a result of the literature
review, 6 factors that influence the environmental activities are identified. Moreover, duration and
frequency are also considered. Furthermore, 4 types of open spaces are also taken into consideration.
In this scope, two different analyses are conducted. Firstly, an evaluation occurs by using a
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structural equation modelling. Additionally, IT2 fuzzy hybrid decision making model is proposed in
the second analysis. Within this context, IT2 fuzzy DEMATEL and IT2 fuzzy TOPSIS methods are
used.

The main limitation of this study is making an evaluation only for Harbin. Therefore, in a new
study, an analysis can be conducted for other regions or countries. With the help of this issue,
different recommendations can be presented. In addition to this condition, another important
limitation of this study is related to the methodology. Hence, it is recommended that different
methods be considered. For instance, probit, logit, and regression analyses can be conducted. Hence,
it can be possible to compare the results of different studies. The main reason is that probit, logit, and
regression analyses consider quantitative data whereas SEM and fuzzy MCDM approaches use the
opinions of people and experts. Thus, it can be possible to make a comparative analysis. Moreover, it
can also be accepted as the limitation of this study that only the concept of physical activities is
evaluated. In addition to the physical activity, there are also lots of other factors which have a
contribution to the public health, such as economic growth and green environment. In future
studies, these factors can be taken into account.

According to the analysis results, it is determined that facilities play the most significant role to
improve LPA. In addition to this situation, it is also concluded that maintenance and safety is also
another important criterion to increase these activities. However, it is identified that accessibility and
amenities are the least important items for this purpose. Another important conclusion of this study
is that both SEM and IT2 fuzzy logic analysis results are quite coherent. Hence, it is recommended
that some sport activities, such as wide-open space for dancing and a path for walking and jogging
can contribute the improvement of LPA. On the other side, it is also learnt that people who want to
join physical activities prefer to feel secured. Thus, governmental authorities should take necessary
actions for the people to feel secure while joining these activities. In this context, it is important that
sports equipment comply with quality standards. Therefore, it is necessary to make legal regulations
that require the equipment to comply with these standards. In this way, people will feel safer when
using sports equipment. This will contribute to the increase of LPA activities. In the literature,
McLafferty and Murray [14] aimed to focus on the regional perspectives on public health in their
studies. They also underlined the importance of maintenance and safety to improve these activities.
Similar to this study, Henry and Price [15] also reached similar conclusions. In addition to them,
Cron and Bartram [28] aimed to evaluate the environmental conditions in health care facilities. For
this purpose, low- and middle-income countries are taken into account. They defined that
environmental factors play a very key role for the people to join physical activities. Parallel to this
study, Jang et al. [29] also determined that environmental factors play a very key role for the people
to join physical activities.

SGSA of SEM indicates that the PE of the curtilage exerts significant influence on LPA; that the
“facilities”, “accessibility”, “PE”, “aesthetics”, and “MS” of the NS have obvious influence; that the
“facilities”, “accessibility”, “aesthetics”, and “MS” of parks boast drastic influence on LPA; and that
the “facilities”, “aesthetics”, and “MS” on campus exercise remarkable influence. Discrepancies of
influence exist among difference types of open spaces. PE has the greatest influence in the curtilage
group. Facilities have the most obvious influence in the NS group. Amenities only have notable
influence in the park group. Facilities only exert tremendous influence on duration of LPA in the
campus group.

Design strategies have been made according to the analysis results and the characteristics of
different spaces: Stress should be given to the design of elements such as the PE, facilities, and
amenities to meet the basic needs of the residents: improving the existing facilities to meet the needs
of multiple age users; adding facilities for adolescents; and strengthening environmental sanitation
and amenities maintenance in NS. In parks, comprehensive and perfect sports equipment should be
provided and the “amenities” such as “toilet”, “drinking”, and “retail” should be accounted for as
should the accessibility, aesthetic, and MS. Attention should be paid to the demand of LPA on
facilities, aesthetics, and MS of the surrounding residents in the campus space. This study hopes to
provide a reference for the development of policies, management, and sustainable urban design.
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Appendix A

Appendix A.1. Calculation of IT2 Fuzzy Sets

Interval type-2 fuzzy sets (A) and the type-2 membership function iz, are given in
Equations (1) and (2). In this equation, [ [  gives information about the union of both x and u [37].

i = {((x' u)' :uﬁ(x,u)) x »Vu c [0:1]}/
or A= [ fe, maew)/(xw) I < [01]

(M

A= LEX fue] 1/(x,u) €[0,1] ()

Additionally, AY gives information about the upper whereas AF indicates the lower
trapezoidal membership functions. This process is shown in Equation (3). In this equation, a ....af,

mean the reference values [38].
= (47, 47)
(all’ alz' a13' al4-' Hl (AU) HZ (AU)> (alLl' aLLZ' alL3' af'4; Hl (Af)' HZ (A'%))> (3)

A

Furthermore, interval type-2 fuzzy sets are calculated with Equations (4)—(8).
A @4, = (AY,AY) & (4Y, 4%)
(aﬂ + a3y, af, + ay, afs + azs, ai,
+ ajy; min (Hl (4Y),H, (Ag)) ,min (Hz (A7), H, (Alzj))) ) (alﬁ + a3y, a1, + ag,, at; + ag;,aty 4)

+ ak,; min (Hl(Al) H, (A% )) min (HZ(A ), Hy (A% ))))

A, 64, =(4Y,4) & (4Y, 4%)
( — a34,Gf; — 33,13 — Q33, Q14
—a¥;;min (Hl(AU) H, (AU)) min (HZ(AU) H, (AU)>) , (a’fl —ak,, ak, —ak;,aby — aby, aky,

— s mim (Hy (A4), iy (A2)), min (Hy (%), H, (Ag))))

©)
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Al ® Az = (AU'AIi) X (AU'AIi)

_ U U U U U U U
= (an X Az1, A1 X Az, A13 X Ap3, 014

x alys min (Hy(A0), Hy (4Y)) , min (H, (A7), H, (Ag))) (aky x aky, by x aby, ok x by oy ©)
g min (Hy (AL), Hy (45))  min (H(A0), H, (Ag))))
= (kx afy, k x by, k x aly, k x aly; Hy (A7), Hy(AY)), (k x aby, k x aby, k x aky, k @)
X afy; Hy (4%), H (Ali))
A,
< 1 1 1
1 1 - - 1 1
= (E X “5]1'% X a{’z,z X ai@,,z x a¥,; Hy (AY), HZ(A¥)> , (E X ah’ﬁ X aéZ’E X a%:‘”E 8)

X aby; Hy (A1), H, (Ag))

Appendix A.2. Calculation of DEMATEL

In the analysis process of IT2 fuzzy DEMATEL, firstly, initial direct-relation fuzzy matrix @) is
created. For this purpose, average scores are used. This process is given in Equations (9) and (10).

0 Z, - e Zin
) Zyy 0 o o Zon
= . e ©9)
VAV SR e 0
VAR VAR AR VAL
7= (10)

n

In the second stage, there is a normalization process of this matrix and it is summarized in
Equations (11)—(13).

xll xlz “ee cee xln
C|Ea Ep o B
=: i . (11)
fnl leZ cee fnn
% _ 4
5] r
_ Zq, Zb'u Zg, Zd'u_ U U Ze;, Zfi} Zg, Zh'u_ L L (12)
=\ —"—" =" =5 Hi(2), Ha(21)) | — 5 — i i (2h), Hy (2i5)
T T T T T T T T
n n
r = max maxlsiSnZ Zy, ,maxlsisHZ Zq, (13)
=1 =1

The third step is related to the generation of total relation matrix with Equations (14)—(18).

0 a’lZ coe ves a’ln 0 h’lZ coe cee hlln
a’21 0 a’Zn h’21 0 h’2n
Xdz : : . e SR P XfL= : : . cee e (14)

1 1
anl anz “ee e 0 hn1 hnz “ee “ee 0
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T=%im)?+)?2+-~+)?k (15)
511 512 Eln
_ t21 t22 cee cee th
I (16)
Enl EnZ i:nn
i:ij
" " " " rd z " " " " z z 17
= (a ij:b ij’c ij:d ij;Hl(tijU)'HZ(tijU))'(e ij'f ij"g ij'h llel(tl]L)lHZ(tl]L)) ( )
[a”i}'] = Xd X (1 —Xd)_l,...., [h”l'j] = Xfl X (1 —Xfl)_l (18)

After that, defuzzification is performed by considering Equations (19)—(22).

L_)egu 1)+ (By X may Z ly) + (ay X myy = 1y) | Iy + [(uL — L)+ B xmy ; L) + (o Xmy = 1) | IL] (19)
- 2
Defr=T=[t;] ., ij=12.,n (20)
5L~def =r= [Z?:l tzj]nxl = (MWnxa = (1, s Ty s ) (21)
R =y= [Xr, tij]’lxn = (J’j);xn = Y1) s Yio 1 V) (22)

The fifth stage is related to the generation of impact relation map by using the values of

(D; + ﬁi)defand (D; - ﬁi)def. In this situation, ﬁidefexplains the sum of all vector rows and the sum

of all vector columns is defined as ﬁidef.

Appendix A.3. Calculation of TOPSIS

In the first step of the analysis process of IT2 fuzzy TOPSIS, decision makers make evaluations
about the alternatives, and these evaluations are converted into the fuzzy numbers [40]. As a result,
the decision matrix can be created. In this process, Equations (23) and (24) are taken into

consideration.
Cy C, C; .. C,
Aj X114 X2 X3 X1in
Ay | X210 Xoz  Xo3 Xan
Xij= Az |X31 X3z X3z .. X3p (23)
A Xm1 Xm2 Xm3 o Xmn

1
Xy = ,i=123,..,m (24)

m
n
S
e=1
In these equations, K refers to the number of decision makers. The next step is related to the
defuzzification. For this purpose, Equations (25)-(28) are considered. In this process, M, (A{ )
indicates the average of the elements. On the other side, S, (/T{ ) represents the standard deviation of

the elements:




Int. J. Environ. Res. Public Health 2019, 17, 1977 15 of 25

Def(xij) = Rank(X;;)mxn
= My (A7) + My (AF) + Ma () + My(AY) + M5 (A7) + M3(4F)

- % (SL(AY) + 8, (L) + S5(AY) + So(AL) + S3(AY) + S5 (AF) + S, (AY) + S4(AL) ) + Hy (AY)

+ Hy (AF) + Hy (AY) =
+ Hy(AY)
My (A1) = (al, + alpsry) /2 (26)
q+1 q+1 2
o 1 i 1IN 27)
Sq(Ai)= Ez aik_zzaik
k=q k=q

1o 15\
54(14{) = Zz (ai]k - Zz ai]k> (28)
k=1 k=1

In the next step, the positive and negative ideal solutions (4*,A”) are identified by using
Equation (29). In this equation, the weighted values of the defuzzified matrix is defined as v;;.

At = max(vy,v,,V3,...1,); A7 = min(vy, vy, v3,...7,) (29)

Thereafter, D* and D- values are computed with Equations (30) and (31)

Dt = (30)
D~ = @1
In the final stage, the closeness coefficient (CCi) is defined with Equation (32).
CC; = D 32
T >

Appendix B. Questionnaire on Evaluation of Elements and Leisurely Physical Activities (LPA) in
Open Space in Harbin

Here is a survey about LPA and the evaluation of spaces of the public conducted by
Heilongjiang Province Academy of Cold Area Build Research. The data of this investigation carried
out anonymously is only used for scientific research without any privacy information not related to
the research. We hope you can take a few minutes to complete the following survey, thank you!
(Your willingness to participate in this survey means that you agree to our use of your
anonymous information)

LPA refers to activities such as walking, running, exercising using equipment, playing chess, square
dancing, practicing swordsmanship, shadowboxing, playing ball, etc.

Part 1: (Please tick V your option)

1. Frequency of your LPA: How many times do you come here to engage in LPA a week?

0 More than 5 times 0 More than 3 times o 1-2 times o less than 1 time
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2. Duration of your LPA: How long do you spend in LPA every time?

o Less than 15 minutes 0 15-30 minutes o0 31-60 minutes o more than 60 minutes
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Part 2: What is your evaluation of the quality of the elements in the site? (Please tick V your
option).

Elements Five-point Likert scale

Facilities very poor poor average good very good
1. play equipment
2. anti-disturbing installation
3. protection facilities
4. equipment for fitness
5. instructions of equipment
6. square
7. size
8. ping-pong table
9. badminton area
10. court
11. paths for walking
12. paths for riding
13. seating
14. the material of seat
Accessibility very poor poor average good very good
15. walkable
16. proximity
17. enjoyable street
Physical Environment (PE) very poor poor average good very good
18. noise
19. fresh air
20. shade
21. leeward
Amenities very poor poor average good very good
22. toilets
23. bulletin board
24. chessboard
25. tables
26. drinking fountains
27. retail stores
28. bins
Aesthetics very poor poor average good very good
29. nature
30. artificial landscape
31. greenery
32. building elements

33. winter landscape

Maintenance and Safety (MS) very poor poor average good very good




Int. J. Environ. Res. Public Health 2019, 17, 1977 18 of 25
34. amenities maintenance
35. equipment maintenance
36. cleaning
37. snow removal
38. lighting
39. surface
40. security
41. equipment safety
42. signature
Part 3: (Please tick Y your option)
1. Age (year): o 13-18 0 19-35 0 36-50 o 51-65 o 66+
2. Gender: o Male o Female
3. Income (¥): o <2000 o0 2000-5000 o 5000-8000 = 8000+
4. Health: o Good o General o Not very good
Table A1. Characteristics of participants.
Title Details n %
male 151 46.90%
sex
female 171 53.10%
13-18 52 16.10%
19-35 142 44.10%
age 36-50 67 20.80%
51-65 42 13%
66+ 19 6%
<2000 101 31%
Income (¥) 2000-5000 177 55%
come ( 5000-8000 35 11%
>8000 9 3%
good 176 54.70%
health General 127 39.40%
Not very good 19 5.90%
curtilage 78 24.20%
Space tvpes NS 80 24.80%
pacetyp park 83 25.80%
campus 81 25.20%
*n: sample; %: percentage; NS: neighborhood squares
Table A2. Overall adaptation degree of the final influencing model.
x2 RMR RMSEA GFI AGFI NFI RFI IFI
standards P>05 <0.05 <0.08 >0.90 >0.90 >0.90 >0.90 >0.90
result P=0.938 0.038 0 0.996 0.988 0.996 0.989 1.006
parameters TLI CFI PGFI PNFI PCFI CN x2/df
standards >0.90 >0.90 >0.50 >0.50 >0.50 >200 <2.00
result 1.014 1 0.393 0.391 0.393 1302 0.441

* X2 Chi-Square; RMR: Root Mean Square Residual; RMSEA: Root Mean Square Error of
Approximation; GFI: Goodness of Fit Index; AGFIL: Adjusted Goodness of Fit Index; NFI: Normal Fit
Index; RFI: Relative Fit Index; IFI: Incremental Fit Index.
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Table A3. The effect of elements on the LPA in the groups.

groups
clements PA curtilage NS park Campus

Dad 0.25 0.133 0.204 0.338+
Fa 0.134 0.425+ 0.205+ 0.237+

L Di 0 0 0 0
Fi 0 0 0 0
Dt 0.25 0.133 0.204 0.338+
Ft 0.134 0.425+ 0.205+ 0.237+
Dud 0 0 0 0
Fd 0.011 0.254* 0.170* 0.196

L Di 0 0 0 0
Fi 0 0 0 0
Dt 0 0 0 0
Ft 0.011 0.254* 0.170* 0.196
Dad 0.367* 0.257* 0.140 0.048
Fd 0 0 0 0

I Di 0 0 0 0
Fi 0 0 0 0
Dt 0.367* 0.257* 0.140 0.048
Ft 0 0 0 0
Dud 0 0 0 0
Fa 0 0 0 0

L Di 0.097 0.079 0.009 0.098
Fi 0.052 0.062 .072* 0.089
Dt 0.097 0.079 0.009 0.098
Fe 0.052 0.062 .072* 0.089
Da 0 0 0 0
Fa 0 0 0 0

Is Di 0.019 0.069 0.065 0.178
Fi 0.078 0.252* 0.199* 0.209*
Dt 0.019 0.069 0.065 0.178
Fe 0.078 0.252* 0.199* 0.209*
Dad 0 0 0 0
Fa 0 0 0 0

Ie Di 0.042 0.074 0.049 0.11
Fi 0.034 0.228* 0.151* 0.161*
Dt 0.042 0.074 0.049 0.11
Fe 0.034 0.228* 0.151* 0.161*

*p <0.05; Dd, Fd: direct effect; Di, Fi: indirect effect; Dt, Ft: total effect.

19 of 25
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Table A4. The path coefficient and significance of the relationship among the elements in groups.

path curtilage NS park Campus
B P B P B P B P
accessibility—MS 0.122 0.434 0.509 o 0.264 * 0.321 *
PE«—amenities 0.155 0.289 0.452 o 0.496 o 0.208 0.101
PE«—aesthetics 0.066 0.660 0.156 0.154 0.109 0.241 0.498 ok
PE—MS 0.540 R 0.225 0.093 0.172 * 0.120 0.320
facilities«—amenities 0.405 ** 0.280 * 0.298 ok 0.320 *
facilities«—aesthetics 0.277 0.050 0.322 > 0.257 ok 0.300 *
facilities«—MS 0.164 0.235 0.262 * 0.368 o 0.223 0.067
amenities«<—MS 0.274 0.077 0.647 o 0.224 0.007 0.414 o
amenities«—aesthetics 0.378 * 0.230 * 0.519 ok 0.385 ok
MS«—aesthetics 0.648 o 0.726 ok 0.655 ok 0.570 ok
*p < 0.05; *p <0.01; **p < 0.001. B: coefficient; P: probability.
Table A5. Differential critical ratio of paths between groups.
differential critical ratio
path CandS CandP CandU S and P SandU PandU
D<1Is 0.778 1.024 1.344 0.320 0.792 0.525
F<I -0.648 -0.614 -0.642 1.991* -0.042 -0.128
DIi -0.391 0.040 0.469 0.478 0.874 0.483
F<I -1.591 -1.144 -1.104 0.672 0.403 -0.165
LI 1.383 0.598 0.844 -1.066 -0.525 0.390
Is1I4 -0.678 -0.507 -1.864 0.298 -1.267 -1.778
IsIs 0.514 0.137 2.419* -0.539 2.216* 3.029**
IsIs 0.508 0.099 -0.182 -0.518 -0.723 -0.346
IieIs -1.519 -1.194 -0.640 0.627 0.821 0.422
LiIs -0.283 -0.633 0.197 -0.541 0.563 0.972
IiIs 0.273 1.028 0.273 0.887 0.013 -0.805
TsT6 2.818** -0.186 0.799 —3.950*** -2.370* 1.282
R -0.625 0.455 0.304 1.534 1.076 -0.114
Te—Is5 -0.006 -0.930 -0.140 -1.310 -0.160 0.713
*p <0.05; **p<0.01; ***p <0.001.
Table A6. Linguistic scales and fuzzy numbers for the factors.
Linguistic Scales IT2T+FNs
Absolutely Low (AL) ((0.0,0.0,0.0,0.0;1.0), (0.0,0.0,0.0,0.0;1.0))
Very Low (VL) ((0.0075, 0.0075, 0.015, 0.0525;0.8), (0.0,0.0,0.02,0.07;1.0))
Low (L) ((0.0875, 0.12, 0.16, 0.1825;0.8), (0.04,0.10,0.18,0.23;1.0))
Medium Low (ML) ((0.2325, 0.255, 0.325, 0.3575;0.8), (0.17,0.22,0.36,0.42;1.0))
Medium (M) ((0.4025, 0.4525, 0.5375, 0.5675;0.8), (0.32,0.41,0.58,0.65;1.0))
Medium High (MH) ((0.65, 0.6725, 0.7575, 0.79;0.8), (0.58,0.63,0.80,0.86;1.0))
High (H) ((0.7825, 0.815, 0.885, 0.9075,0.8), (0.72,0.78,0.92,0.97;1.0))
Very High (VH) ((0.9475, 0.985, 0.9925, 0.9925;0.8), (0.93,0.98,1.0,1.0;1.0))

Absolutely High (AH) ((1.0,1.0, 1.0, 1.0; 1.0), (1.0, 1.0, 1.0, 1.0; 1.0))
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Table A7. Linguistic evaluations of factors.
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D: duration; F: frequency; I: criteria; AL: absolutely low; VL: very low; L: low; M: medium; MH:

medium high; H: high; VH: very high; AH: absolutely high
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Table A8. Fuzzy relation matrix.

22 of 25

11 12 13 14
n ((0.0,0.0,0.0,0.0;1.0), ((0.23,0.26,0.33,0.36,0.80), ((0.85,0.88,0.91,0.93;0.80), ((0.08,0.09,0.12,0.15;0.80),
(0.0,0.0,0.0,0.0;1.0)) (0.17,0.22,0.36,0.42;1.00))  (0.81,0.86,0.93,0.95;1.00)) (0.06,0.07,0.13,0.19;1.00))
D ((0.18,0.21,0.27,0.30;0.80), ((0.0,0.0,0.0,0.0;1.0), ((0.23,0.26,0.33,0.36,0.80), ((0.11,0.13,0.17,0.20;0.80),
(0.13,0.18,0.30,0.36;1.00)) (0.0,0.0,0.0,0.0;1.0)) (0.17,0.22,0.36,0.42;1.00)) (0.07,0.11,0.19,0.24;1.00))
5 ((084087092094080),  ((0.060.08,0.11,0.14,080), ((0.0,0.0,0.0,0.0;1.0), ((0.06,0.08,0.11,0.14;0.80),
(1.19,1.27,1.42,1.47:1.00))  (0.03,0.07,0.13,0.18;1.00)) (0.0,0.0,0.0,0.0;1.0)) (0.03,0.07,0.13,0.18;1.00))
u  (097,099,1.001.00080)  ((0.03,0.07,0.13,0.180.80),  ((0-61,0.65,0.73,0.76; 0.80), ((0.0,0.0,0.0,0.0;1.0),
(0.95,0.99,1.00,1.00;1.00))  (0.61,0.65,0.73,0.76;1.00))  (0.54,0.61,0.77,0.83;1.00)) (0.0,0.0,0.0,0.0;1.0))
5 ((0890930960.96080),  ((0.11,013017,020080),  ((0.29,032,0.40,0.43,0.80), ((0.61,0.65,0.73,0.76;,0.80),
(0.86,0.91,0.97,0.99;1.00))  (0.07,0.11,0.19,0.24;1.00))  (0.22,0.28,0.43,0.50;1.00)) (0.54,0.61,0.77,0.83;1.00))
o (074077084087,080),  ((0.89,0930960960.80)  ((0.350.39,047,0.50,0.80), ((0.74,0.77,0.84,0.87:0.80),
(0.67,0.73,0.88,0.93;1.00))  (0.86,0.91,0.97,0.99;1.00))  (0.27,0.35,0.51,0.57;1.00)) (0.67,0.73,0.88,0.93;1.00))
o (003007,0.130.18080),  ((0.01,001,002,005080),  ((0.03,0.07,0.13,0.18,0380), ((0.03,0.07,0.13,0.18;0.80),
(0.61,0.65,0.73,0.76;1.00))  (0.00,0.00,0.02,0.07;1.00))  (0.61,0.65,0.73,0.76;1.00)) (0.61,0.65,0.73,0.76;1.00))
. ((0.03,0.07,0.13,0.18,0.80),  ((0.06,0.08,0.11,0.14;0.80),  ((0.18,0.21,0.27,0.30;0.80), ((0.29,0.32,0.40,0.43;0.80),
(0.61,0.65,0.73,0.76;1.00))  (0.03,0.07,0.13,0.18;1.00))  (0.13,0.18,0.30,0.36;1.00)) (0.22,0.28,0.43,0.50;1.00))
I5 I6 D F
q (0230260330360.80),  ((0.24028034,037,0.80),  ((0.57,0.60,0.68,0.72,0.80), ((0.49,0.53,0.61,0.64;0.80),
(0.17,0.22,0.36,0.42;1.00))  (0.18,0.24,0.37,0.43;1.00))  (0.49,0.56,0.73,0.79;1.00)) (0.61,0.73,0.98,1.08;1.00))
p  (029032040043080),  ((0.060.08,0.11,0.14:0.80),  ((0.57,0.60,0.68,0.72,0.80), ((0.14,0.17,0.22,0.24;0.80),
(0.22,0.28,043,0.50;1.00))  (0.03,0.07,0.13,0.18;1.00))  (0.49,0.56,0.73,0.79;1.00)) (0.13,0.21,0.36,0.44;1.00))
3 ((0.03,0.07,0.13,0.18;0.80),  ((0.06,0.08,0.11,0.14;0.80), ((0.11,0.13,0.17,0.20;0.80), ((0.57,0.60,0.68,0.72;0.80),
(0.61,0.65,0.73,0.76;1.00))  (0.03,0.07,0.13,0.18;1.00))  (0.07,0.11,0.19,0.24;1.00)) (0.49,0.56,0.73,0.79;1.00))
14 ((0.03,0.07,0.13,0.18;0.80),  ((0.06,0.08,0.11,0.14;0.80), ((0.03,0.07,0.13,0.18;0.80), ((0.01,0.01,0.02,0.05;0.80),
(0.61,0.65,0.73,0.76;1.00)) (0.03,0.07,0.13,0.18;1.00)) (0.61,0.65,0.73,0.76;1.00)) (0.00,0.00,0.02,0.07;1.00))
5 ((0.0,0.0,0.0,0.0;1.0), ((0.57,0.60,0.68,0.72;0.80), ((0.03,0.07,0.13,0.18;0.80), ((0.03,0.07,0.13,0.18;0.80),
(0.0,0.0,0.0,0.0;1.0)) (0.49,0.56,0.73,0.79;1.00))  (0.61,0.65,0.73,0.76;1.00)) (0.61,0.65,0.73,0.76;1.00))
o (074077,0840.87,0.80), ((0.0,0.0,0.0,0.0;1.0), ((0.03,0.07,0.13,0.18;0.80), ((0.01,0.01,0.02,0.05;0.80),
(0.67,0.73,0.88,0.93;1.00)) (0.0,0.0,0.0,0.0;1.0)) (0.61,0.65,0.73,0.76;1.00)) (0.00,0.00,0.02,0.07;1.00))
D ((0.01,0.01,0.02,0.05;0.80),  ((0.03,0.07,0.13,0.18;0.80), ((0.0,0.0,0.0,0.0;1.0), ((0.49,0.53,0.61,0.64;0.80),
(0.00,0.00,0.02,0.07;1.00)) (0.61,0.65,0.73,0.76;1.00)) (0.0,0.0,0.0,0.0;1.0)) (0.61,0.73,0.98,1.08;1.00))
F ((0.23,0.26,0.33,0.36;0.80),  ((0.14,0.17,0.22,0.24;0.80), ((0.84,0.87,0.92,0.94;0.80), ((0.0,0.0,0.0,0.0;1.0),
(0.17,0.22,0.36,0.42,1.00)) (0.13,0.21,0.36,0.44,1.00)) (1.19,1.27,1.42,1.47;1.00)) (0.0,0.0,0.0,0.0;1.0))
Table A9. Linguistic scales and fuzzy numbers for the alternatives.
Linguistic Scales IT2TrFNs
Very Low (VL) ((0,0,0,0.1;1,1), (0,0,0,0.05;0.9,0.9))
Low (L) ((0,0.1,0.1,0.3;1,1), (0.05,0.1,0.1,0.2;0.9,0.9))
Medium Low (ML) ((0.1,0.3,0.3,0.5;1,1), (0.2,0.3,0.3,0.4,0.9,0.9))
Medium (M) ((0.3,0.5,0.5,0.7:1,1), (0.4,0.5,0.5,0.6,0.9,0.9))
Medium High (MH) ((0.5,0.7,0.7,0.9:1,1), (0.6,0.7,0.7,0.8;0.9,0.9))
High (H) ((0.7,0.9,0.9,1;1,1), (0.8,0.9,0.9,0.95;0.9,0.9))
Very High (VH) ((0.9,1,1,1;1,1, (0.95,1,1,1,0.9,0.9))
Table A10. Linguistic evaluations of alternatives.
Curtilage Neighborhood squares Park Campus
Factors/Alternatives (Alternative 1) (Alternative 2) (Alternative 3) (Alternative 4)
DM1I DM2 DM3 DM1 DM2 DM3 DMl DM2 DM3 DMl DM2 DM3
11 H H H MH H H MH MH VH VH H H
12 VH VH H H MH VH H MH H M MH VH
I3 VH H H H MH H VH VH MH M VH MH
14 M H H MH H H H VH H M MH VH
I5 M MH MH H MH MH VH MH MH VH M MH
I6 H H MH MH H MH H H MH VH MH M
D H MH H H MH MH H MH MH MH VH MH
F M H MH MH H MH MH MH H VH MH VH

*DM: Decision Makers.
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Table A11. Decision matrix.

Alternative 1

Alternative 2

Alternative 3

Alternative 4

((0.70,0.87,0.87,0.9
7;1,1),
(0.78,0.87,0.87,0.92;
0.90,0.90))
((0.83,0.97,0.97,1.0
0;1,1),
(0.90,0.97,0.97,0.98;
0.90,0.90))
((0.77,0.93,0.93,1.0
0;1,1),
(0.85,0.93,0.93,0.97;
0.90,0.90))
((0.57,0.77,0.77,0.9
0;1.00,1.00),
(0.67,0.77,0.77,0.83;
0.90,0.90))
((0.43,0.63,0.63,0.8
3;1.00,1.00),
(0.53,0.63,0.63,0.73;
0.90,0.90))
((0.63,0.83,0.83,0.9
7;1.00,1.00),
(0.73,0.83,0.83,0.90;
0.90,0.90))
((0.63,0.83,0.83,0.9
7;1.00,1.00),
(0.73,0.83,0.83,0.90;
0.90,0.90))
((0.50,0.70,0.70,0.8
7;1.00,1.00),
(0.60,0.70,0.70,0.78;
0.90,0.90))

((0.63,0.83,0.83,0.97;1
.00,1.00),
(0.73,0.83,0.83,0.90;0.
90,0.90))
((0.70,0.87,0.87,0.97;1
1),
(0.78,0.87,0.87,0.92;0.
90,0.90))
((0.63,0.83,0.83,0.97;1
.00,1.00),
(0.73,0.83,0.83,0.90;0.
90,0.90))
((0.63,0.83,0.83,0.97;1
.00,1.00),
(0.73,0.83,0.83,0.90;0.
90,0.90))
((0.57,0.77,0.77,0.90;1
.00,1.00),
(0.67,0.77,0.77,0.83;0.
90,0.90))
((0.57,0.77,0.77,0.90;1
.00,1.00),
(0.67,0.77,0.77,0.83;0.
90,0.90))
((0.57,0.77,0.77,0.90;1
.00,1.00),
(0.67,0.77,0.77,0.83;0.
90,0.90))
((0.57,0.77,0.77,0.90;1
.00,1.00),
(0.67,0.77,0.77,0.83;0.
90,0.90))

((0.63,0.83,0.83,0.97;
1.00,1.00),
(0.73,0.83,0.83,0.90;0
90,0.90))
((0.63,0.83,0.83,0.97;
1.00,1.00),
(0.73,0.83,0.83,0.90;0
90,0.90))
((0.77,0.93,0.93,1.00;
11),
(0.85,0.93,0.93,0.97:0
90,0.90))
((0.77,0.93,0.93,1.00;
11),
(0.85,0.93,0.93,0.97;0
90,0.90))
((0.63,0.83,0.83,0.97;
1.00,1.00),
(0.73,0.83,0.83,0.90;0
90,0.90))
((0.63,0.83,0.83,0.97;
1.00,1.00),
(0.73,0.83,0.83,0.90;0
90,0.90))
((0.57,0.77,0.77,0.90;
1.00,1.00),
(0.67,0.77,0.77,0.83;0
90,0.90))
((0.57,0.77,0.77,0.90;
1.00,1.00),
(0.67,0.77,0.77,0.83;0
90,0.90))

((0.77,0.93,0.93,1.00;1,
1),
(0.85,0.93,0.93,0.97:0.9
0,0.90))
((0.57,0.77,0.77,0.90;1.
00,1.00),
(0.67,0.77,0.77,0.83;0.9
0,0.90))
((0.57,0.77,0.77,0.90;1.
00,1.00),
(0.67,0.77,0.77,0.83;0.9
0,0.90))
((0.57,0.77,0.77,0.90;1.
00,1.00),
(0.67,0.77,0.77,0.83;0.9
0,0.90))
((0.57,0.77,0.77,0.90;1.
00,1.00),
(0.67,0.77,0.77,0.83;0.9
0,0.90))
((0.57,0.77,0.77,0.90;1.
00,1.00),
(0.67,0.77,0.77,0.83;0.9
0,0.90))
((0.63,0.83,0.83,0.97;1.
00,1.00),
(0.73,0.83,0.83,0.90;0.9
0,0.90))
((0.77,0.93,0.93,1.00;1,
1),
(0.85,0.93,0.93,0.97;0.9
0,0.90))

Table A12. Weighted decision matrix.

Alternative 1

Alternative 2

Alternative 3

Alternative 4

1.55
0.86
1.26
0.90
0.96
1.22
0.82
1.00

1.48
0.81
1.18
0.94
1.07
1.16
0.78
1.05

1.46
0.79
1.24
1.01
1.09
1.22
0.78
1.05

1.59
0.74
1.10
0.88
1.04
1.14
0.80
1.16
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