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Air pollution, which is the most pressing environmental
problem in developing countries, is particularly bad in
Taiwan, a country facing particularly difficult choices in
balancing environmental protection with economic growth.
With growing scientific evidence showing the harmful impact
of air pollution on the environment and individuals’

health i1n modern societies, public concern about air
pollution has become a central focus of the development of
air pollution prevention policy. Past research has shown
that women are more aware of everyday hazards that often
motivate social action because the significant differences
exist in terms of knowledge, awareness, and attitudes
towards air pollution than men. Despite close links between



oo Mg

air pollution and gender, there is a lack of studies on
whether gender differences exist for general environmental
perceptions and attitudes. A gender analysis of perceived
environmental vulnerability is necessary. Seeing air
pollution through women s eyes reflects women’ specific
needs and interest in air pollution. Thus, this research is
for developing a research agenda on gender and air quality
awareness, attitudes, and policy preferences from the
perspective of gender difference in Taiwan. At first, this
study introduces the research topic map to analyze the
trends regarding to air pollution and gender difference
studies. The Microsoft Academic Graph database 1s used to
derive general publication as well as citation trends,
evolution of research areas, and the relations between
research areas being related to air pollution. Secondly,
we construct a theoretical model by an integration of
social media mining into a value-belief-norm (VBN) model of
public concerns about air pollution. We propose a hybrid
method integrating text mining, topic modeling,
hierarchical cluster analysis and the partial least squares
structural equation modelling (PLS-SEM). Third, we future
explore the factors influencing females’ attitudes toward
air pollution by using GIS or rough set methods. Fourth,
appropriate environmental education policy tools is defined
to enhance female’ s attitude toward air pollution. A
hybrid multi-criteria decision-making (MCDM) model, the
DEMATEL Based Analytic Network Process integrated with the
Modified Vikor (DANP-MV) is used. The results of this
research project explore that females’ knowledge should be
utilized and be counted as agents of air quality policy.
The proposed data-driven approach which combine big data
analysis and MCDM methods could lead researchers and public
administrators to transfer gender into the development of
air quality management strategies with lower cost by using
big data. The findings can offer policy makers fresh
insights from which they can formulate policies that
enhance gender involvement and which cater specifically to
females’ needs, many of which, historically, have been
ignored in this context.

Air Pollution, Environmental attitudes, Gender Difference,
Social Media , Multiple Criteria Decision Making(MCDM),
Structural Equation Modelling (SEM), Policy Instruments
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Females’ Awareness, Attitudes, and Policy Preferences Toward PM2.5 Air
Pollutants in Taiwan: An Integrated Big Data Analysis and Multiple Criteria
Decision-Making Approach

Abstract:

Air pollution, which is the most pressing environmental problem in developing countries, is
particularly bad in Taiwan, a country facing tough choices in balancing environmental protection
with economic growth. With growing scientific evidence showing the harmful impact of air pollution
on the environment and individuals’ health in modern societies, public concern about air pollution
has become a central focus of the development of air pollution prevention policy. Past research has
shown that women are more aware of everyday hazards that often motivate social action because the
significant differences exist in terms of knowledge, awareness, and attitudes towards air pollution
than men. Despite close links between air pollution and gender, there is a lack of studies on whether
gender differences exist for general environmental perceptions and attitudes. A gender analysis of
perceived environmental vulnerability is necessary. Seeing air pollution through women’s eyes
reflects women’ specific needs and interest in air pollution. Thus, this research is for developing a
research agenda on gender and air quality awareness, attitudes, and policy preferences from the
perspective of gender difference in Taiwan. At first, this study introduces the research topic map to
analyze the trends regarding to air pollution and gender difference studies. The Microsoft Academic
Graph database is used to derive general publication as well as citation trends, evolution of research
areas, and the relations between research areas being related to air pollution. Secondly, we construct
a theoretical model by an integration of social media mining into a value-belief-norm (VBN) model
of public concerns about air pollution. We propose a hybrid method integrating text mining, topic
modeling, hierarchical cluster analysis and the partial least squares structural equation modelling
(PLS-SEM). Third, we future explore the factors influencing females’ attitudes toward air pollution
by using GIS or rough set methods. Fourth, appropriate environmental education policy tools are
defined to enhance female’s attitude toward air pollution. A hybrid multi-criteria decision-making
(MCDM) model, the DEMATEL Based Analytic Network Process integrated with the Modified
Vikor (DANP-MV) is used. The results of this research project explore that females’ knowledge
should be used and be counted as agents of air quality policy. The proposed data-driven approach,
which combines big data analysis and MCDM methods, could lead researchers and public
administrators to transfer gender into the development of air quality management strategies with
lower cost by using big data. The findings can offer policy makers fresh insights from which they can
formulate policies that enhance gender involvement and which cater specifically to females’ needs,
many of which, historically, have been ignored in this context.

Keywords: Air Pollution, Environmental attitudes, Gender Difference, Social Media , Multiple
Criteria Decision Making(MCDM), Structural Equation Modelling (SEM), Policy Instruments.



l. Introduction

Air pollution is currently one of the most pressing environmental concerns in developing countries,
especially in Taiwan. The increasingly heavy demand for air quality management has led analysts to
examine the source of air quality and its affects. Numerous studies have reported associations between
air quality and local agriculture, health, economic factors, and so on [1]. There is a growing
epidemiologic evidence of differing associations between air pollution and respiratory health for men
and women [1, 2]. Women are also more aware of environmental hazards that often motivate social
action than men because significant differences exist between the genders in terms of knowledge,
awareness, and attitudes [3, 4]. Considerations of gender differences in terms of air-quality issues
provide new insights for researchers and policy makers.

Despite the close links exist between air quality and gender, the potential relationship between air
pollution and gender-related differences has not been studied yet. Some studies have integrated
gender into environmental disaster research as a demographic variable. Very few works have tried to
integrate gender relations as a factor and engage women as equal partners in air quality management
policy. Current environmental policy makers, in governmental agencies and non-profit organizations,
less consider that gender is a part of disaster strategies. Although women are identified as highly
vulnerable yet crucial keys to prevention. Gender is less evidently a part of current air-quality policy
in practical, although women have been identified as vulnerable and crucial players in leading their
neighbourhoods towards a safer environment. A successful environment disaster policy requires a
high level of awareness from citizens, positive attitudes, and public support for the relevant policies.
Such policy requirements are in citizens’ interest, usually with adjustments by gender differentials
between men and women. Evidence suggests that existing environmental projects fail to promote
women's interests. Gender is a central organizing principle in social life. The lack of recognition of
females’ awareness, attitudes, and policy preferences in environmental disasters has

inhibited females’ ability to campaign for safer air in their communities.

Seeing air-quality issues from women’s viewpoint raises recent issues for researchers and policy
planners, identifies critical system gaps, and brings gender to the forefront of development and air-
quality prevention work. Thus, this research is for developing a local research agenda on gender and
air quality awareness, attitudes, and policy preferences from the perspective of females. The research
methologies comprises big data analysis and multiple criteria decision-making (MCDM) methods.
The big data analysis methods include text mining, partial least squares structural equation modeling
(PLS-SEM), associate rule mining (ARM), and rough set. The MCDM methods include the decision-
making trial and evaluation laboratory (DEMATEL) technique, DEMATEL-based analytic network
process (DANP), and Vikor. At the first, this work analyzes research papers that have been published

3



in Microsoft Academic Graph database and analyzes air quality and gender systematically from
formal researches. Second, this research identifies Taiwan people’ major concerns about air quality
from crowdsourcing social media. We construct a theoretical model by an integration of social media
mining into a value-belief-norm (VBN) model of public concerns about air pollution. Third, we future
explore the factors influencing females’ attitudes toward air pollution by using GIS or rough set
methods based on the results of the first and second stage. Fourth, appropriate environmental
education policy tools is defined to enhance female’s attitude toward air pollution. A hybrid multi-
criteria decision-making (MCDM) model, the DEMATEL Based Analytic Network Process
integrated with the Modified Vikor (DANP-MV) is used ( Figure 1). The results of this research is to
explore women’s major concerns and the determinants of air quality in Taiwan. The research results
is to the development of central gender air quality management strategies and suggest appropriate
ways to evaluate and select air quality policy instruments for policymakers.

Building a Academic Knowledge Map Using Data Mining methods

i

Exploring Public Environmental Concerns of Air pollution in Taiwan Using Social
Media Mining and PLS-SEM Methods

1

Exploring Gender Differences in Air Pollution Perceptions Using Social Media Mining
and GIS methods

!

Developing Environmental Policy Instruments for Enhancing Females” Concerns Using
MCDM methods

Fig 1 Research Flow

Il. Literature Review

This project is to explore the awareness, attitudes, and policy preferences of females relating to air
quality in Taiwan. Regarding the research problems, related literatures are reviewed and summarized
below.

2.1 Environmental concern and Gender

Environmental concern is the degree to which people are aware of environmental problems and
support efforts to solve these problems and/or indicate a willingness to contribute solutions to such
problems [5]. Environmental concern could be the beliefs, affects, and behavioral intentions a person
holds regarding activities or issues related to the environment [6]. There is wider recognition that
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environmental concerns are the key drivers of the intention to change the environment—that is, to
engage in pro-environmental behavior [7]. Previous studies have used the theories of reasoned action
[8] and planned behavior [9], the norm-activation model [10], and the value-belief-norm theory [11]
to explain pro-environmental behavior [12]. The value-belief-norm theory was first established by
Stern et al. [13] to explain the influence of human values on behavior in an environmentalist context.
According to the value-belief-norm theory, people’s attitudes about environmental issues are
determined by the value that they place on themselves (egoistic value), other people (social-altruistic
value), and plants and animals (biospheric values) [11].

Studies have found that there is an association between environmental concern and gender. For
example, Xiao and McCright used the institutional theory to support the hypothesis that women tend
to have modestly stronger pro-environmental values, beliefs, and attitudes than men [14]. Combining
insights from gender socialization theory and the risk analysis literature, women tend to have less
trust and confidence in key social institutions such as government and science than men, which
increases their concern for the environment. Women are shown to have higher levels of environmental
concern than men, as are individuals with higher levels of education. That is, though higher levels of
education are positively associated with perceived environmental risks among liberals, the inverse
tends to be true among those with extremely conservative views [15].

2.2 Public Perceptions of Air Pollution and Gender

Air pollution is a major global problem that threatens human life and health as well as the
environment [16]. Public concern and support are one of the most important resources of social
movements [13]. There is a consensus in the literature regarding the strong linkages between public
perceptions of air pollution and emotional and behavioral responses to air pollution [12, 17]. Unlike
professional air pollution evaluations based on scientific data, public perceptions of air pollution
appear to be heterogeneous and complicated by various influential factors and mechanisms. For
example, several studies have been conducted to assess correlations of individual difference to
concerns regarding air pollution from psychological and sociological perspectives. The researchers
argued that the individual factors such as knowledge [17], race [18], and gender [19] can moderate
the influence of individual perceptions of air pollution. ender appears to be one of the primary
characteristics related to physical and social dimensions. The research shows that women have a
higher level of awareness about everyday hazards, such as air pollution, which often motivates social
action [20-22]. Garcia-Vargas et al. [22] found that women constitute the population most vulnerable
to climate change and climate variability and women have important knowledge and skills for
orienting the adaptation processes. Although gender is a central organizing principle in social life,
gender issues are rarely examined by environment disaster scholars or practitioners. Researchers draw
attention to critical limitations and occlusions concerning gender minorities in environment disaster

risk reduction policy, which may be a critical focus for future collaborative and applied research [23].
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2.3 Social Media and Air Quality

social media are the set of internet-based applications which are built upon the concepts and
technology of Web 2.0; social media enables the generation and exchange of content generated by
users [24]. Nowadays, social media platforms are typically applied in expressing opinions or
viewpoints regarding social events, news, etc., everywhere, with no limitation of time. Future
prediction is the great wish of mankind [25]. Social media mining refers to the process of
characterizing, analyzing, and deriving important patterns from data retrieved from social media,
which are the result of social interaction [24]. Social media mining is a multidisciplinary domain,
which includes techniques from computer science, data engineering, social science, and mathematics
[5]. The exploration of social media by the above-mentioned techniques helps us understand the
mutual interactions of users [24]. Further, interesting patterns, information diffusion, influence
relationships, effective and efficient recommendations, as well as novel social behavior can be
explored on social media sites [24].

Because air pollution is a serious environmental problem in many developing countries, obtaining
timely and accurate information is an important first step toward control of air pollution. Traditionally,
researchers have used questionnaire surveys and interviews to collect data on perceived air quality
and people’s displeasure with air pollution [26-28]. Recent studies have demonstrated the application
of social media for monitoring air quality fluctuation, as well as related public attitudes and responses
[29, 30]. For example, Wang et al. [29] found that social media contains rich detail regarding
perceptions, behaviors, and self-reported health effects, which can augment existing air pollution
surveillance data, especially the sources of perceptions and health-related data. Hswen et al. [31]
proposed that social media may offer a supplemental source of data, and conducted a study in which
they used data from Twitter to validate data from established air pollution monitoring stations in a
densely populated urban area in London, England .

2.4 Air pollution in Taiwan

Taiwan is facing this problem in the course of seeking equilibrium between environmental
protection and economic growth. Some studies have explored the connection between air pollution
and disease in Taiwan. For example, Tseng et al. [32] investigated the effects of prevalence changes
in tobacco smoking and particulate matter (PM) 2.5 levels on lung cancer by examining 371,084 lung
cancer patients in Taiwan. According to the work by Tseng et al. [32], more than 50% of patients
with lung cancer had never smoked, and that PM2.5 level changes can affect adenocarcinoma lung
cancer incidence and patient survival. Lee et al. [33] investigated the influence of ambient air
pollution on Parkinson's disease by reviewing data of 11,117 patients’ from the Taiwanese National
Health Insurance Research Database and selected 44,468 age- and gender-matched population

controls from the longitudinal health insurance database. They found that ambient air pollution
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exposure, especially from traffic-related pollutants such as nitrogen oxides and carbon monoxide,
increases the risk of Parkinson's disease. Chiu et al. investigated the relationship between air pollution
and lung cancer in women, and found that women who lived in areas with the highest pollution
exposure index were at a statistically significant increased risk of developing lung cancer compared
to those living in areas with the lowest air pollution exposure index [34].

Because of rising cardiovascular and lung disease in Taiwan, air pollution has attracted great
attention from Taiwanese citizens. Reflecting the importance of air quality, the Taiwanese
government implemented a strategic plan in 2016 to address air pollution control. Furthermore, the
pursuit of better air quality has urged policy makers to initiate monitoring of air pollution: the
government built more than 77 air quality monitoring stations in the country as of 2020, according to
the Taiwan Air Quality Monitoring Network (TAQMN) [35].

I11. Methodology

The object of this study is to explore females’ awareness, attitudes, and policy preferences in
relation to air pollution in Taiwan. To effectively accumulate knowledge from large databases, the
big data analysis, MCDM and PLS-SEM methods can be merged.

3.1 Text Mining and Topic modelling technique

Text-mining has become a popular topic across a wide range of fields such as public health,
disaster management, and environmental management [36]. Text-mining techniques are used to
extract knowledge to derive meaningful structural information from irregular data patterns or
unstructured forms of data to provide meaningful information patterns in the shortest time period [37].
Thus, during the past years, text-mining methods have widely been adopted in numerous research
fields such as computational linguistics, information retrieval, data mining, etc. Topic modelling, a
machine learning technique in the field of data-mining, is the most popular analytic method for the
text-mining of social media. Topic modelling is the process of learning, recognizing, and extracting
high-level semantic topics across a corpus of unstructured text. The technique is used to clarify the
structure of a group of documents by estimating the words distribution that constitute a topic based
on the premise that each group of documents which constitutes a corpus belongs to a specific topic
[38]. Amongst the techniques, LDA is a generative probabilistic model of a corpus, is an unsupervised
machine learning technique which aims to identify the information in latent topics in a collection of
large documents. The basic idea of LDA is that the documents are represented as random mixtures
over latent topics, where a topic is characterized by a distribution over words. LDA treats each
document as a vector of words. Each document is represented as a probability distribution over some
topics, while each topic is represented as a probability distribution over a number of words.



3.2 PLS-SEM

The SEM methods are widespread in marketing and management research, while analyzing the
cause—effect relations between latent constructs. The PLS-SEM is one of the SEM methods which
aims to maximize the explained variance of the dependent latent construct [39]. Like other SEM
techniques (e.g., the linear structural relations, the LISREL), the PLS approach allows researchers to
simultaneously assess the parameters of the measurement model and the coefficients of the structural
path. The covariance-based SEM techniques, such as the LISREL and the EQS, use a maximum
likelihood function to obtain estimators in models. Instead, the PLS-SEM uses a least-squares
estimation procedure. PLS-SEM avoids many restrictive assumptions that underlie the covariance-
based SEM techniques, such as multivariate normality and large sample size. PLS-SEM analyzes
various relationships among several factors, i.e., latent and observed variables. A latent variable is an
invisible concept for a target analysis. An observed variable is an observable item from a target
analysis and is used to estimate a latent variable. These variables have relationships, such as causal
and co-occurrence relationships. PLS-SEM was used as the research method in this work because the
sample size may be non-normally distributed due to the nature of the data being retrieved from social
media websites.

3.3 Rough Set Theory

Rough Set (RS) theory, originally proposed by Pawlak in the early 1980s [40], is a mathematical
tool to deal with vagueness and uncertainty. RS is one of the fundamental to artificial intelligence(Al).
RS is especially used in the areas of decision analysis, expert systems, machine learning, decision
support systems, inductive reasoning, and pattern recognition. The basic concept of RS theory makes
use of the lower and upper approximation of a set. The main advantage of RS theory is that it does
not need any preliminary or additional information about data, such as probability distribution in
statistics, basic probability assignment in the Dempster-Shafer theory, or grade of membership or the
value of possibility in fuzzy set theory [41]. Thus, RS theory has been applied in various applications
including extraction of decision rules from data, especially in the presence of uncertainty and
vagueness [42].

3.4 DEMATEL Method

The DEMATEL method was originated by the Geneva Research Centre of the Battelle Memorial
Institute [43]. The DEMATEL identifies the interrelations between factors to build a network
relations map (NRM) which can convert complex systems into a clear causal structure. The
methodology of DEMATEL can confirm interdependence among factors and identify the
relationships that reflect characteristics within an essential systemic and developmental trend. The

DEMATEL technique has been successfully applied in many situations, such as identifying key
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successful factors in emergency management [44], risk control assessment [45], and risk factors for
IT outsourcing [46]. As this research aims to identify the causation and influencing strengths of the
consideration factors, we employ the quantitative DEMATEL method.

3.5 The DANP

The DANP is an analytic method that integrates DEMATEL and the ANP proposed by Prof. Gwo-
Hshiung Tzeng [47, 48]. Traditionally, the ANP requires a pre-defined structure of the decision-
making problem. Thus, decision makers may introduce the structure based on the IRM being derived
by DEMATEL (refer to [49] for a typical example) or by other analytic methods. However, such
work usually requires two or more iterations of collecting questionnaires, which wastes time and can
be complicated. Respondents to the first iteration questionnaire may refuse to provide opinions for
the second iteration questionnaire, which usually causes problems of inconsistency. Moreover, due
to the complicated IRM derived by DEMATEL, a threshold value is usually required to screen the
most important influence relationships inside the TRM. However, such screening usually filters out
a lot of connections in the TRM. To overcome such limitations, the DANP feeds the IRM by
DEMATEL into the ANP.

3.6 VIKOR Method

The VIKOR method was originated by the Opricovic [50] . The VIKOR method is used to integrate
performance gaps from criteria to dimensions of complex systems. The VIKOR determines the
compromise ranking list and compromise solution, and the weight stability intervals for the preferred
stability of the compromise solution can be obtained from the initial weights given by the AHP or
ANP in the traditional method [51, 52]. This method focuses on ranking and selection from a set of
alternatives in cases of conflicting criteria. It introduces a multi-criteria ranking index based on the
particular measure of “closeness” to the “ideal” solution [50]. This study use the VIKOR method to
obtain the aspiration level and learn how to select optimal policy instruments to make tailored air
quality policy based on Taiwan women’s needs.

IV. Research Results

Based on the proposed research flow, we publish 2 international journal and 8 conference paper
as following ( Figure 2).



Building a Academic Knowledge Map
Using Data Mining methods

Exploring Public Environmental
Concems of Air pollution in Taiwan
Using Social Media Mining and PLS-
SEM Methods

Exploring Gender Differences in Air
Pollution Perceptions Using Social
Media Mining and GIS methods

Publication list

* Chi-Yo Huang . Chia-Lee Yang , China-Chun Hsu ., Hsing-Yen Ann (2019, Jun).

Constructing Research Topic Maps for Air Pollution Researches by Text Mining
and Multiple Rule Decision Making Methods. 30" EUROPEAN
CONFERENCE ON OPERATIONAL RESEARCH. DUBLIN IRELAND.

* Chi-Yo Huang.Chia-Lee Yang.Yi-Hao Hsiao (2021. Aug). A Novel Framework for

Mining Social Media Data Based on Text Mining. Topic Modeling. Random Forest.
and DANP Methods. Mathematics. 9(17).

Chia-Lee Yang.Chi-Yo Huang.Yi-Hao Hsiao (2021, May). Using Social Media
Mining and PLS-SEM to Examine the Causal Relationship between Public
Environmental Concerns and Adaptation Strategies. International Journal of
Environmental Research and Public Health. 18(10), 5270.1-23.

Chia-Lee Yang. Chao-Chun Chuang, Chang-Wei Yeh. Chang-Huain Hsieh, Ching-
Chun Hsu (2019. Jul). A Quantitative Study of Public Perceptions in Environmental
Risk: Dose Gender Matter?. International Conference on Advanced Technology
Innovation 2019, Sapporo. Japan.

* Chia-Lee Yang, Jen-Gaw Lee, Tzu-min Chuang. Chi-Yo Huang. Jeng-Chieh Cheng,

Yu Sun (2020, Feb). Public Perceptions of Air Pollution Using Geo-Social Media

Data-Based Analytical Approach. 3rd Eurasian Conference on Educational
Innovation 2020, Hanoi. Vietnam.

¢ Chia-Lee Yang, Chi-Yo Huang,Ching-Chun Hsu, YiHao Hsiao, Yu-Tai Wang (2019,
Jun). Exploring Gender Differences in Attitudes toward Air Pollution Based on
Social Media Mining and MRDM Methods. 30th EUROPEAN CONFERENCE ON
OPERATIONAL RESEARCH .DUBLIN IRELAND.

Developing Environmental Policy
Instruments for Enhancing Females’

: * Chia-Lee Yang, Chi-Yo Huang, Ching-Chun Hsu., Yu-Tai Wang (2019, Jun).
Concemns Using MCDM methods & £ g g ( )

Developing Environmental Policy Instruments for Enhancing Females” Concerns
based on the DANP-MV method . 25th International Conference on Multiple Criteria
Decision Making(MCDM 2019)

Fig 2 Research publications

4.1 Building an Academic Knowledge Map Using Data Mining methods

We analyze online research papers and examine the correlation between air pollution and gender
differentiation systematically from formal researches by using big data analytics. The Microsoft
Academic Graph (MAG) database is used to derive general publication as well as citation trends,
evolution of research areas, and the relations between research areas being related to air pollution.
165,246 academic papers and patents have been collected from MAG to provide essential air pollution
research issues and future trends. The 7178 academic papers have full abstract. The text-mining
package, TextAnalyst 2.1, is used to extract the keywords. We analyze text data in R. data. LDA topic
modeling is used to analyse terms and topics from the entire dataset and to produce a topic model. 25
topics were identifiable from the LDA output (Table 1). The relationship of the research topics map
were also found from Association Rule Mining and DEMATEL (Fig 3).
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Tablel. Result of air pollution research paper topics
1873-2018 2002-2018
Mount Rank Growth rate| Mount Rank Growth rate
1 JAir Quality System 180 23 8% 140 20 15%
2 IPower Plants 224 20 19% 115 23 47%
3 [Traffic Air Pollution 256 16 12% 141 18 36%
4 [Building Indoor Air 277 12 11% 192 13 9%
5 [House Air 368 6 28% 239 6 14%
6 Diseases Risk 533 1 43% 166 16 39%
7 \Air Quality Monitor 239 18 16% 189 15 32%
8 [Energy 333 7 20% 266 5 16%
9 Indoor Air QC 267 14 -1% 224 11 24%
10 IMeteorological 182 22 45% 115 23 3%
11 |Air Particles 470 2 16% 415 1 -3%
12 Wind 381 3 -2% 306 3 14%
13 [Pollution Emissions 25217 25% 156 17 30%
14 [Health Effect 147 24 13% 117 21 51%
15 [Pollution Particulates 261 15 25% 141 18 19%
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Fig 3. The casual relationship of the research topic map

4.2 Exploring Public Environmental Concerns of Air pollution in Taiwan Using Social Media
Mining and PLS-SEM Methods

This work uses the web crawler, text-mining methods ,and topic analysis to identify the major
concerns and needs for air quality in Taiwan. Dcard is a Taiwanese social network that focuses
specifically on college students and offering users a unique “friending” experience. The articles have
been collected from Dcard to provide essential air pollution/PM2.5 /air quality issues. The text-
mining techniques were used to identify the keyword list. To discover topics of air pollution on social
media of Dcard, we used Latent Dirichlet Allocation (LDA) to analyze terms and topics from the



entire dataset and to produce a topic model. To verify the correlation relationships of topics, the
relationships are confirmed as the path model by the PLS-SEM approach based on the results of topic

model by LDA(Fig 4).
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Figure 4. Path analysis results for environmental concerns by gender difference

4.3 Exploring Gender Differences in Air Pollution Perceptions Using Social Media Mining and
GIS methods

We identify the gender differences regarding to air pollution based on text mining, topic
modelling, and multiple rule decision-making methods comprising the Rough Set (SA), GIS and the
Decision-making Trial and Evaluation Laboratory (DEMATEL). According to the result of
DEMATEL in Figure 5, the topics of “coal burring”, “ public vote” and “political” are the cause
factors which influence on people’s “sentiment,” and the “sentiment” influence on “my lifestyle”.
According to the result of RS in Table 2, we find that if females concern of “Coal burning” and
“Politics,” but do not concern of “My Lifestyle” or “Public Vote”, then they have negative
sentiment. If female concerns of coal burning and Nuclear energy , but do not concern of “Politics”
and “Regional Pollution” , then their sentiment are positive.

Future, we exam the gender and regional pollution effect based on geo-tagged social media data.
The geographic content of social media provides an unparalleled view of the complex social
networking and cultural dynamics within a society, and captures the temporal evolution of the human
landscape. We use the volume of social media posts as data source to build the public perceptions
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of air pollution density map as figure 7 and 8.
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Fig 5. Causal relationship of air pollution topics and gender

Table 2. Rough set results of air pollution sentiment decision table

Rule Antecedent Consequent  Strength
(Sentiment)  rate (%)
I Female & Coal burning =1 Negative 15
&Politics=1 & My Lifestyle=0 &Public vote=0
2 Female & Coal burning =1 Positive 36
&Nuclear energy=1 &Politics=0 & Public vote=0
3 Female & Coal burning =1
&Nuc!caienergy=l & Politics=0 & Regional Positive 55
Pollution=0
x! °0®
o ©
‘. t‘chung“ﬂw “.:; - Male
- i o - Female
¢
e,
[ ]

Fig 7 Gender difference on social media posts of air pollution
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Fig 8 Gender difference of positive/negative emotion on social media posts of air pollution

4.4 Developing Environmental Policy Instruments for Enhancing Females’ Concerns Using
MCDM methods

We find the female’s concerns and the improving strategies of air pollution. A hybrid multi-criteria
decision-making (MCDM) model is used to address the influence relationships of factors that
combines Decision Making Trial and Evaluation Laboratory (DEMATEL), and DEMATEL-based
Analytical Network Process (DANP), and the Vise Kriterijumska Optimizacija Kompromisno
Resenje (VIKOR). We invited female and air quality experts heavily involved in the process of air
quality research and policy to a focus-group meeting. We construct research frameworks based on
the Theory of Planned Behavior. The 28 factors in 9 aspects according to the opinions of experts.
They were asked to identify the most important factors form big data mining results regarding air
quality policy and to group similar factors into categories. Then, a gender-responsive air quality
policy evaluation model was constructed with weightings and relationships evaluated by adopting
MCDM methods. The selected experts were required to have over five years’ experience working
with females in air quality, and the sample size needed to satisfy the requirement of the MCDM
methods. The results shows in table 3.

Table 3. Results of DNP and Vikor
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Performance
Gaps to the aspiration (VIKOR)

ANP A
. Command B. Direct C. Engaging D. Using E. Creating
Weights .. R
> and control provision the public Markets markets
Regulation
Attitude (ATT) 0.126 0.126 0.101 0.025 0.093 0.084
Injunctive Norm(IN) 0.093 0.046 0.066 0.053 0.066 0.093
Descriptive Norm(DN) 0.087 0.064 0.087 0.029 0.047 0.076
Perceived Behavior
Control (PBC) 0.095 0.055 0.095 0.040 0.079 0.079
Awareness of
Consequences(AC) 0.113 0.113 0.113 0.075 0.100 0.113
Emotion(EM) 0.127 0.119 0.127 0.119 0.103 0.087
Risk Perception(RP) 0.112 0.070 0.077 0.105 0.112 0.112
Behavior Intention(BI) 0.125 0.071 0.080 0.125 0.098 0.098
Behavior(B) 0.122 0.071 0.071 0.071 0.122 0.071
Total gap 1 0.737 0.818 0.642 0.820 0.813
Gap 0.126 0.127 0.125 0.122 0.113
Qj (v=0.5) 0.738 0.994 0.422 0.828 0.480
3 1 2

V. Discussion

5.1 The air pollution topics of most concern for Taiwanese

According to the results of our analyses,-the policy ambiguity, wind power generation policy, coal-
fired power generation, refuse combustion, and power generation are the air pollution topics of most
concern for Taiwanes . These results may be attributed to the Taiwan’s energy dilemma between anti-
nuclear energy and anti-air pollution from fossil fuels energy. According to the Energy Statistics of
Taiwan [53], about 93% of Taiwanese energy consumptions were imported fossil fuels. Taiwan has
been facing an energy policy dilemma because of the desirability of multiple goals: achieving a
nuclear-free homeland, reducing air pollution from fossil fuels, and restricting the receiving capacity
of liquefied natural gas terminals. Some people are against nuclear power because of the public
anxiety from the Japan Fukushima Daiichi nuclear disaster in 2011 and problems with storing nuclear
waste. Anti-nuclear activists advocate turning Taiwan into a nuclear-free country by 2025. Some
people are against the coal-fired power generation plants because of the rise in air pollution causing
6,000 air-pollution related deaths per year in Taiwan [54]. Anti-air pollution activists promote the
view that nuclear energy might provide an alternative form of power generation to decrease the use
of coal-fired thermal power. The debates regarding energy policy have led to political and legal limbo
regarding air pollution in the 2018 Taiwan referendum. Our research results are in line with the
realistic social situation.

5.2 Gender difference on air pollution concerns

Besides the effects of different environmental concern on the adaptation strategies, the research
further emphasized that gender is a significant moderating variable in the relationship of egoistic
concerns, altruistic concerns, and adaptation strategies. However, our results differ from those of
previous studies that indicated that women tend to show higher levels of concern about environmental
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problems than men do [55, 56]. One explanation is based on the system justification perspective,
which suggests that people’s attitudes of desire not only depend on themselves but also on the
overarching social structure to which they are obligated. In this study, men chronically engage in
more system justification than women do, which partially explains men’s greater willingness to
acknowledge ecological problems and risks and to engage in actions that are beneficial for the
environment [57]. Another explanation may be related to gender differences in social media use.
Women are more avid users of social media [58]. In our research, all topics reflecting egoistic and
altruistic motives are brought up by men more than women. In the education context, this implies that
educators can emphasize egoistic and altruistic concern topics in promoting an adaption strategy to
air pollution to increase female citizens' concern. the gender differences exist in the relationship of
air pollution concerns and actions intention. The results may be explained by the social construct
expectation [59]. Men are socialized to be protectors of and providers for the family, and may portray
environmental pollution as a necessary tradeoff for growth. Men are more likely to link egoistic and
altruistic concerns to actions. In contrast, women are more concerned about biosphere environmental
problems because women are socialized to be family nurturers and caregivers for children and have
greater social responsibility and empathy towards others. Women are more likely to link biosphere
concerns to actions [60]. In addition, our study shows that the priorities of men and women regarding
which environmental concerns were most important are different.

VI. Conclusion and contributions

In addressing the role of gender in the context of the environment, it is important to recognize that
women and men are not homogenous groups. Where women and men live, their age, social class,
ethnicity, religion, sexual orientation, and other variables interact in shaping the links between gender
and the environment. In this research, we indicate that men and women have different attitudes toward
air quality. In this project, we analyze online research papers that have been published and analyze
air quality and gender systematically from formal researches at the grassroots level. We define
females’ major concerns of air pollutants in Taiwan from social media forums at the individual level.
Furthermore, we analyze the factors that influence females’ attitudes toward air quality in Taiwan.
We explore the key determinants that influence females’ awareness of, and attitudes toward, air
pollutants. We also integrate females’ attitudes into air quality policy instruments in Taiwan. The
analysis of females’ attitude toward air pollutants problems are inherently complex involving difficult
tradeoffs. The analytic framework is used to select optimal air quality policy instruments to
effectively integrate females’ needs in relation to air quality policy.

Women provide a livelihood for their families and simultaneously manage the environment.
However, due to gender power relations, females’ knowledge is often overlooked and they are not
counted as agents of change. The promotion of female’s awareness and attitudes into policy is a key

for gender equality, and it is receiving a growing attention in government’s agendas. However, gender
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gaps are still a wide phenomenon. While gender gaps in environment disaster is decreasing
remarkably over time. The rising of feminist theory and vulnerability theory provide an alternative
approach linking social needs and gender equality to environmental disaster management. This
research extends the existing air pollutants research by applying the social science viewpoint and
brings gender centrally into consideration of air pollutants policy. The findings can offer policy
makers fresh insights from which they can formulate policies that enhance gender involvement and
which cater specifically to females’ needs, many of which, historically, have been ignored in this
context. The findings can offer policy makers fresh insights from which they can formulate policies
that enhance gender involvement and which cater specifically to females’ needs, many of which,
historically, have been ignored in this context. This research can provide new opportunities for
women and men to have equal access to participation and leadership.

Besides, this paper proposes a combination of two kinds of research models: one based on big data
analysis and the other on MCDM expert modelling. We demonstrate that MCDM expert models
refined with big data analysis and align with the accuracy of data mining models. We provide a causal
relationship between females’ attitudes and selecting optimal policies. The proposed data-driven
approach, which combines big data analysis and MCDM methods, could lead researchers and public
administrators to transfer gender into the development of air quality management strategies with
lower cost by using big data. This project provides researchers and policy makers with a research
pipeline for a social media data analysis.

VII. Suggestions

Without strong decision-making power in government, women’s desires and skills are often not
recognized or used. Gender is a central organizing principle in social life, and hence in disaster-
affected communities, yet gender issues are rarely examined by environment scholars or practitioners.
Researchers draw attention to critical limitations and occlusions concerning gender minorities in
disaster risk reduction policy and these gaps should be a critical focus for future collaborative and
applied research [61]. Our study suggests a need to further review international research papers on
increasing female awareness of air quality, and ensure that these results are effectively supported
theoretically. Although the use of big data analysis approaches to address women’ specific interests,
vulnerabilities, and needs might find favour with environment policy makers, how to use the results
of the data still needs more efforts in the future.

Appendix

The publications of this project is as following.
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8 Abstract

9 Research to date has suggested that a close relationship exists between environmental problems and health, but
10 it remains unclear whether gender differences exist for general environmental perceptions and attitudes. A gender
11 analysis of percetved environmental vulnerability is necessary, looking at gender aspects of experiences of
12 environmental degradation. The purpose of this paper 1s to explore what air-pollution topics are commonly discussed
13 in the public-health sector and whether there are differences between genders and air pollution concerns. Social
14 media streams are the fastest first-hand sources of information generated by public; the content diffused through
15 social media, although noisy, provides an important complement to traditional news media reporting. This research
16 describes a topic modelling framework for discovering air-pollution topics in social media. We first detect sentiment
17 and topic simultaneously from social media text. Then the partial least squares technique of structural equation
18 modelling (PLS-SEM) was used to explore the hypothesized of gender difference toward air pollution concerns.
19 Based on the empirical study results, gender difference is the variable that moderates the relationship between air
20 pollution concerns of personal quality of life and sentiment. Additionally, these results demonstrate that gender
21 consideration is necessary for air pollution policy as well as in environmental sustainability.+
22 Keywords: Air Pollution, Environmental Perceptions, Partial Least Squares technique of Structural Equation
23 Modelling (PLS-SEM), Topic Model, Social Media ~
24 -
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Abstract+

In the past decade, air pollution has become the world’s single biggest environmental health risk and affect
all aspects of human life. Air pollution 1s the particularly pressing for women because women are more
susceptible to the negative effects of air pollution than men. Studies show that the differences of
environmental attitudes are exits between primanly cisgender men and women m general Although the
mcreasingly researchers recognize the the fwo dominant genders think differently on environment 1ssue,
very few works have tried to integrate gender relations as a factor and engage women as equal partners in
air quality policy. Gender 1s less evidently a part of current air quality policy in practical, although women
have been identified as crucial players in leading their neighborhoods towards a safer environment. The
researche questions are what female think differently on air pollution, how to develop of air quality policy
mnstruments? This research aims to find the female’s conceens and the improving strategies of air pollution.
A hybrid multi-criteria deciston-making (MCDM) model 1s used to address the influence relationships of
factors that combines Decision Making Trial and Evaluation Laboratory (DEMATEL), and DEMATEL-
based Analytical Network Process (DANP) , and the Vlse Kriterijumska Optimizacija Kompromisno
Resemye (VIKOR). An empirical study mn Tarwan will be used to verify the effectiveness of the proposed
methodology. By exploring the influential interrelationships between concens related to air pollutions, this
approach can be used to solve interdependence and feedback problems, allowing for greater satisfaction of
the females actual needs of air quality .«

Keywords: A Pollution Gender, Hybrid multi-criteria decision-making (MCDM), Decision Making Trial
and Evaluation Laboratory (DEMATEL)~
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Constructing Research Topic Maps for Air Pollution Researches by
Text Mining and Multiple Rule Decision Making Methods.

o
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Department of Applied Economics and Management, National [lan University+
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o

Abstract+

o

Durning the past decades, air pollutions are becoming one of the most concerned issues
i1 most economies due to the significant influences of the contaminations to the life
and health of human beings. Therefore, researchers are payving more attentions to air
pollutions and the corresponding effects. Denvations and analysis of research topic
maps can help identify new opportunities for researchers. However, very few scholars
tried to mntroduce the research topic maps on the study of air pollution related 1ssues.
Therefore, this study aims to mtroduce the research topic map to analyze the trends
regarding to air pollution studies. The Microsoft Academic Graph dataset will first be
mined to derive publications and keywords related to air pollutions. The top keywords
will be extracted. Then, each keyword will serve as the decision vanable (or the
consequent) while the rest kevwords will serve as the conditional variables. The|
Dominance Based Rough Set Approach (DRSA) will be adopted to derive the “if ...
then ...” inference relationships. After that, the decision-making trial and evaluation
laboratory (DEMATEL) technique will be used to derive the cause-effect relationships
among the topics. Then, the inference relationships will be introduced into the
DEMATEL. where the antecedents will serve as the causes and the consequents will
serve as the effects. The research topic map being derived can serve as the basis for
future researches .«

o

Keywords | Multi-Criteria Decision Aidss M2 (Cerl) -
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Abstract

Air pollution is one of the most concerned environmental issue due to the contaminants in the air
which can disturbing human health or welfare or generating other harmful environmental impacts.
Although the effects of air pollutions are harmful, people’s attitudes toward towards global
environmental phenomena varies. According to past works, females are more sensitive and active
than males regarding to environmental impacts, and are more willing to act environmentally for a
variety of reasons. This study aims to identify the gender differences regarding to air pollution based
on text mining, topic modelling, and multiple rule decision making methods consisting of the
Dominance Based Rough Set (DRSA), and the Decision-making Trial and Evaluation Laboratory
(DEMATEL). The text mining techniques and the topic modelling technique are first introduced to
derive topics from social networking sites. An inter-topics matrix consisting of keywords as condition
variables and genders as decision variables will be constructed based on the text mining results. Then,
the “if ... then” inference relationships can be derived by using the DRSA. All the cause-effect
relationships among the topics can be derived. The most interested topics by different genders can
thus be derived. The proposed data-driven approach which combine big data analytics and MRDM
methods can service as the guide for environmental policy definitions.

Keywords : Critical Decision Making ~ Analytics and Data Science -~ Environmental Management
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