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1. INTRODUCTION

Waste is a big problem faced by big cities in developing countries such as Indonesia, not least the city
of Jakarta [1]-[3]. Jakarta is a megapolitan city and the capital of Indonesia, with an area of 664.01 km?, with
10,576 million people. With a population density of 15,927.47 inhabitants/km?, Jakarta is one of the
megapolitan cities in Indonesia with population density, and waste management is problematic [4]. The main
urban problems are waste management [5] and poor sanitation, thus adversely affecting health. It is because
the rate of urbanization and population density is increasing [6].

Some studies mention that problems in waste management are caused by education. Collaborative
education and policy enforcement are necessary for controlling and managing waste [7]. Formal education
plays a vital role in waste management [4]. Lower education tends to be more littering [8]. Though waste
management cannot be entirely handed over to state institutions, there needs to be the active involvement of
the entire community through awareness and participation carried out by the government [9]. In addition to
formal education, informal education is also needed and proven to affect public awareness and concern for
community management [4]. Public concern and awareness can be seen from behavior seeking information on
managing waste. Some people still lack knowledge about the adverse effects of poorly managed waste piles
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[6]. The waste management depends on the community's social behavior [10]. Social media platforms are
targeted by stakeholders in publicity about waste management and education on the harmful effects of solid
waste [6].

Along with social media as a channel for presenting information to the public, Google has developed
into one platform that feeds information to search engines. With the presence of propaganda and publicity
through online media [10], Google can also be helpful to see the behavior of the public in searching for
information [11]. Google is the most commonly used tool to search for specific information [12]. In terms of
information coverage and accessibility, Google is excellent [13].

Google trends analyze internet users obtained from Google's search engine database as a multi-sided
one that allows two different interest groups to meet benefits [14]-[16]. Groups of people who provide
information and groups that seek information. We used the Google Trends approach to see the public's interest
in finding waste management information in this study. While our online news media uses a group approach
that provides information supply about waste. Some researchers use Google trends to see people's interest in
certain information. For example, people's interest in seeking health information [17]-[22], fashion [23],
socioeconomic [24], [25]. However, no research has been conducted on public interest in waste management
information. So this research takes up space as an exciting thing to research. Especially the interest of the
people of Jakarta in seeking information related to waste. The intended management includes reuse, reduce,
and recycle (3R), as 3R is considered a significant element in waste management [26].

Waste management analysis with a big data approach has been done. One source of big data is weChat,
which is used to see how households manage waste [10]. The United nations (UN) considers the calculation of
SDG's indicators by using google trends [25]. In addition to google trends, which is used to measure people's
interest in information, online news is present to provide services to supply the information needed. In other
studies, online news was used to determine the construction of media coverage of forest fires [27], handling
Coronavirus disease (COVID-19) [28], climate change [29], mental health during COVID-19 [30], healthcare
stocks forecasting [31], classification and trends of vaccines and vaccinations [32], and restrictions on the use
of plastic waste [33]. While online news is related to waste management information, especially in Indonesia,
there has never been any research that explains it. So it is the opportunity to research how the grouping of waste
topics that become the supply of information for the community is taken from online news.

Based on the context, the primary research question is whether the community effectively receives
waste management information. Second, how do related parties create information for it to be accepted by the
larger community? using Google trends data, this study aims to determine the public's interest in waste
management information and the amount of time required for the public to receive online information. Another
objective is to investigate the grouping of waste-related news topics in online news sources in Jakarta. It is to
determine whether the results align with Google trends searches. So this research can provide a picture of the
community's waste management information supply and demand. The results obtained later will provide
stakeholders with policy recommendations to improve waste management education in the community.

2. METHOD

The supply of information about the environment is needed even though it is unknown who the
demand for information is [34]. There is research related to the supply-demand of drug information in Thailand
[35]. Therefore, the knowledge of supply and demand of waste management information is essential to
research, which in the end, this study gained an idea of how public interest in waste management. This study
used big data derived from the internet, Google trends, and scraping from national online news: detik.com.

2.1. Google trends

Google trends is a tool provided by Google that allows users to view and analyze data on search trends.
It provides information on how often specific terms or phrases are searched for on Google over time. This data
is presented in the form of a graph, with search volume plotted on the y-axis and time plotted on the x-axis.
The data can be filtered by location, language, and category, and users can compare the search volume of
multiple terms or phrases. Google trends can be used for a variety of purposes, including keyword research,
market research, and identifying trends in public opinion. There is research that describes the characteristics of
Google trends as part of big data [36]. The term 'big data' in this context does not refer to the number of samples,
but rather to observations made at a global level.

The sample period for Google trends is typically high frequency and up-to-date, making it useful for
nowcasting. Google trends data is available for specified periods, such as daily, weekly, or monthly, as chosen
by the user. It is presented in the form of an index derived from search volume index (SVI) [37]. The data used
in this study is sourced from Google trends, covering the period from October 1, 2017 to October 1, 2021. The
keywords used in Google trends are listed in Table 1 and treated as variables in the model.
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Table 1. Search keywords in Google trends
Keyword Description
Sampah  Sampah is an Indonesian vocabulary that describes waste. It refers to how people search about waste on the internet.
Waste Waste refers to keyword that describe how people seach about how managing waste
Reuse Reuse refers to a keyword that describes a way of managing waste (from Reuse, Reduce, Recycle)
Reduce  Reduce refers to a keyword that describes a way of managing waste (from Reuse, Reduce, Recycle)
Recycle  Recycle refers to a keyword that describes a way of managing waste (from Reuse, Reduce, Recycle)

2.2. Online news from detik.com

The data used in this study is secondary data in the form of news with the keyword "Sampah di
Jakarta" (waste in Jakarta) sourced from detik.com. detik.com was a reference source for news gatherings
because it is Indonesia's most popular news site [38]. In addition, detik.com is also included in the top five sites
with the highest amount of traffic in Indonesia. The news collected in this study has a publishing time from
October 20, 2017, to October 26, 2021.

Data preprocessing is the initial stage of text mining that aims to prepare data before further processing
or analysis can be done. Data preprocessing is required to convert text from human language into a machine-
managed format, structure unstructured text, and maintain keywords useful for representing topics [39]. Before
preprocessing the news text data, the title and the article's content are merged into one context, and then the
filtering process is carried out to filter the location of the news. News locations not from the DKI Jakarta area
were not used in this study. Two thousand four hundred twenty-one articles originate from DKI Jakarta and
will be analyzed further.

The preprocessing stage of this research data begins with text normalization, which includes
converting text into non-capital letters or case folding, eliminating special characters and punctuation, and
eliminating white space. After the process is complete, the input document will go through the process of
converting non-standard words (slang words) into common words, removal of words that often appear
(stopwords), and the process of converting words into essential words (stemming). The results of text cleaning
can be viewed through the word cloud in Figure 1.

cawasan tu
uKerna masu
5 tonloKasi menteri

u WISaLIt ru plah‘/\egma

Figure 1. Wordcloud data text cleaning results (in Indonesian language), collected by Scrapy in Python

The number of news in the period October 2017 to October 2021 is seen in Figure 2, which shows
that the most news related to waste in Jakarta was in February 2020. It can happen because of a flood event
throughout January 2020 in Jakarta. So there is much news about the waste associated with the flood incident
in Jakarta in February 2020. Then, much news about waste in Jakarta occurred in March 2018. Much waste
was found in Jakarta Bay during that period, so many online mass media reported it.

Furthermore, news about the waste that occurs a lot can be seen in October 2018. The problem of
waste in DKI Jakarta and Bekasi city was revealed. The three incidents triggered the media to report it more
often. It can be seen that every month during the period October 2017 to October 2021, there is news about
waste. It means that, from the supply side, information about waste is always available. Not to mention if it is
added with other information obtained from other online media or websites from official government agencies
or NGOs. This information will be more and more if it is added with other information obtained from other
online media or websites from official government agencies or NGOs.
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Figure 2. Graph of the amount of waste-related news in Jakarta

2.3. Vector autoregressive

Vector autoregressive (VAR) models are a class of statistical models used to analyze multivariate time
series data. In a VAR model, each variable is modeled as a linear combination of its own past values and the
past values of all other variables in the model. This makes VAR models a generalization of autoregressive
(AR) models, which model each variable as a linear combination of its own past values only. To estimate a
VAR model, the first step is to specify the lag structure, or the number of past values of each variable to include
as predictors. The model is then fit to the data using ordinary least squares (OLS) regression. Once the model
is fit, it can be used to make forecasts, test hypotheses about relationships between variables, and analyze the
impact of shocks or interventions on the system [40].

VAR model does not distinguish between exogenous and endogenous variables. All variables are
treated as exogenous. With the characteristics of such equations, it can be said that VAR is a statistical method
that describes the relationship between variables simultaneously [41]. VAR models are suitable for analyzing
the dynamic and causal relationships between economic variables, whereas OLS regression models cannot
perform such an analysis. VAR models can also handle autocorrelation issues that arise from time series data,
which OLS regression models cannot [42]. The VAR model used in this study is a VAR model lag 1 or written
as VAR (1) that includes only one lag of each variable as a predictor. The shape of the model is as (1):

Y. =40+ AY_q + e 1)

Yt is a vector consisting of google trends variables used, namely sampah, reuse, reduce, recycle and waste. Y+
1is lag 1 of vectors Y Ag, and Az contain regression coefficients, and e; is the term error of the VAR (1) model.

2.4. Impulse response function (IRF)

In VAR model, the IRF shows how the variables in the model respond over time to a shock in a single
variable. To compute the IRF, a VAR model is first estimated using time series data. Once the model is fit, the
IRF is calculated by setting the shock or intervention in one variable to a large value at a specific time point,
and then simulating the model forward in time to see how the variables respond. The resulting IRF shows the
dynamic response of each variable to the shock over time. The IRF shows how each variable in the model
responds to the shock over time by looking for patterns in the responses of different variables, such as whether
some variables respond strongly than others, or whether there are delays or lags in the responses. Impulse
responses are most often interpreted through grid graphs of the individual responses of each variable to an
implemented shock over a specified time horizon [40].

2.5. Topic modeling

The topic modeling is done after all the data goes through the preprocessing. Implementation of topic
modeling in this study was carried out by applying latent dirichlet allocation (LDA) modeling. LDA is a
probabilistic generative model topic modeling technique for corpora that is used to extract themes from a
document's content [43]. The concept of the LDA method is based on a document represented as a random
mixture of hidden topics, in which each topic is characterized by a set of probability sets of words representing
the words included in a topic. The LDA assumes the following generative processes for each document w in
the corpus [44]: i) Choose Poisson (§).N ~, ii) Select Dir(a).8 ~, and iii) For each word:Nw,,.
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- Select the topic z, ~ Multinomial(0).
- Choose a word from a multinomial, probability conditioned on the topic.w,,p(w,,|z,,, B)z,

Before using LDA to implement topic modelling, each method is used to determine the best
parameters that are applied to modeling through tuning parameters. After the topic modeling process is done,
the resulting topic model needs to be evaluated to see effectiveness in grouping topics through a coherence
score. Coherence score is a standard measure used to evaluate topic models by measuring the semantic
similarity score of words in a topic [45].

3. RESULTS AND DISCUSSION
3.1. VAR

The study used the VAR (1) model estimated with ordinary least square. This model uses five
variables that index keywords in google trends, namely SAMPAH, REUSE, REDUCE, RECYCLE, WASTE.
The VAR (1) equation system produces five equations in which each variable is a dependent variable with an
independent variable lag 1 of all variables. The estimated VAR (1) model is done with stationary data at the
level using the EViews 12 student version presented in Table 2.

Table 2 shows SAMPAH..; influence SAMPAH, REUSE, REDUCE, and WASTE. REUSE..; influence
REUSE and WASTE. REDUCE_.; influence REDUCE and RECYCLE. RECYCLE.. influence SAMPAH and
REDUCE. WASTE.. influence RECYCLE and WASTE. The IRF is calculated using an estimated equation
to understand the dynamic impact of word search on Google when a shock or change of one standard deviation
occurs. The IRF for each variable indicates how that variable responds to a shock in another variable. A shock
of one standard deviation is used. This is also known as an innovation [40]. This response is plotted on a graph,
with the horizontal axis representing the time following the shock and the vertical axis showing the value of
the response for each variable in the event of a shock to a particular variable, including the variable itself.

In Figure 3, the IRF for the variable SAMPAH is shown in response to a shock of one standard
deviation in the variables SAMPAH, REUSE, REDUCE, RECYCLE, and WASTE. The horizontal axis
represents the time following the shock, and the vertical axis shows the response of the SAMPAH variable. The
IRF can be used to determine the duration of the dynamic impact of the shock by looking for a flat or leveling
off curve. In this case, it appears that the impact of the shock on the search for the word "waste" will be stable
for up to four periods, or one month, in the future. The same pattern is observed for the variables REUSE,
REDUCE, RECYCLE, and WASTE in response to shocks in the same variables. This suggests that when the
keywords SAMPAH, REUSE, REDUCE, RECYCLE, and WASTE are searched on Google, the resulting
impact will last for up to one month. This could be interpreted as the potential impact of publicizing information
related to these keywords or topics.

12

10

00

Response of SAMPAH to Cholesky One S.D.
(d.f.adjusted) Innovatins

Period

= SAMPAH REUSE REDUCE ~====RECYCLE WASTE

Figure 3. The impulse response function (IRF) of the variables SAMPAH, REUSE, REDUCE, RECYCLE,
and WASTE in response to a shock of one standard deviation in the SAMPAH variable
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Table 2. Estimated vector autoregressive model lag (1)

Equation (dependent variables)
SAMPAH; REUSE, REDUCE; RECYCLE; WASTE;

Independent Variables

Trash 1 0.507* 0.022* 0.042* 0.013 0.04*
REUSE +1 -0.109 0.228* -0.037 0.204 -0.389*
REDUCE (4 0.474 0.045 0.227* 0.15* 0.032
RECYCLE 1 0.9* -0.013 0.378* 0.03 0.14
WASTE 11 0.096 -0.016 0.005 0.103* 0.143*
C 9.302* 0.293 1.544* 1.259* 2.46*
R-squared 0.399 0.188 0.299 0.183 0.084

*significant at 5 percent level

3.2. Topic modeling

Topic modeling is done on the data set of waste problems in Jakarta completed through text
preprocessing. It is done first to determine the parameters of the number of best topics produced in modeling,
based on the size of the coherence score. This coherence evaluation measures how high-scoring words in a
topic are similar to each other in terms of semantic similarity. It distinguishes semantically understandable
topics from statistical inference artifacts. At the beginning of the determination, a set of 12 topic models was
set to see the k-topics that provided maximum coherence score.

After the iteration is complete, the model with ten topics has the highest coherence value, as shown
in Figure 4. The distribution of words that make up each topic can be known from the ten best topics while
generated, as shown in Table 3. It can be known that waste-related news in Jakarta can be grouped into ten
topics based on the LDA method. From the grouping of topics, waste news in Jakarta published by detik.com
contains quite diverse topics. Among them is Topic 10, which is related to discovering waste goods in Jakarta.
The group of topics 1 and Topic 9 reported the role of the DKI Jakarta government in handling waste is quite
often reported. It can be seen with the many words of government and government officials loaded along with
words related to waste.

a0d —

006 —

Coherence Score

K-Value

Figure 4. Coherence score results tuning parameters k-topic latent dirichlet allocation

Keywords related to the problem of waste in general and specification of the waste problem in Jakarta
can be seen in Topics 2, 3, 4, 6, 7, and 8. Some specific issues, such as related to the problem of plastic waste
in Jakarta, are also contained in news articles published by detik.com. In addition, the problem of waste in
restaurants and the discovery of waste on the street due to the mass gathering can highlight how the source of
waste problems in Jakarta has sprung up. The existence of waste that is not managed correctly triggers the
emergence of news in group Topic 5, which impacts the problem of flooding in Jakarta. From the news that
has been done processing and modeling, it can also be known that news related to waste handling programs
and waste cleaning activities in Jakarta have also been reported. Education through this news is crucial because
it can add insight and information to the community that waste in Jakarta is worth regretting and needs special
attention from every level of society.

Using the VAR, the google trends keywords used in research (sampah, reuse, reduce, recycle and
waste) after being given shock (in the form of information/campaign about waste) will have an impact on the
community in finding the information after the next four weeks. It means that the information provided by
online media (websites or online news) is slow to be received by the public. The impact of the news about the
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3R given is delayed. For example, in terms of online media, waste as the cause of Jakarta’s flooding in early
January 2020 was reported by many online media in February 2020. Whereas as Hagiu and Wright [16]
mentioned, the Google platform can be a multi-side platform between information users and information
providers meet, which is expected to occur a break in the time of acceptance.

Table 3. List of topics and distribution of latent dirichlet allocation topic modeling results

Topic Top 10 word distributions Topic discussion
T1 capital city, city, government, jakarta, waste, rupiah, anies, jakarta_capital Related to Jakarta keywords in general
city, wake up, funds
T2 waste, jakarta, clean, assignment, nas, location, transport, throw away, Related to waste cleaning activities in
road, truck Jakarta
T3 house, eat, healthy, Jakarta, isolation, sick, family, rupiah, mother, until Related to the problem of waste in the
restaurant
T4 plastic, waste, environment, indonesia, waste, bags, plastic_waste, arrange, Related to the problem of plastic waste
community, plastic_bags
T5 flood, water, jakarta, river, anies, rain, waste, clean, house, capital city Related to the impact of waste on floods in
Jakarta
T6 road, mass, burn, jakarta, car, driving, location, action, waste, assignment Related to waste from the masses on the
street
T7 indonesia, program, community, effort, environment, price, work, Related to environmental programs in
economics, develop, government Indonesian society
T8 indonesia, waste, jakarta, hook, people, real, islam, country, money, road Related to waste in Jakarta in general
T9 jakarta, capital city, anies, governor, waste, city, jakarta_capital city, Related to the role of the Jakarta
sandiaga, people, governor_capital city government in handling waste
T10 jakarta, meet, safe, waste, saleable, west, ban, goods, report, result Related to waste in Jakarta

The internet users in households in Indonesia in the last five years have increased rapidly, reaching
78.18%, and the growth of internet users is in line with the growth of mobile phone users [46]. In the period
2016 to 2020, it was noted that the percentage of the population accessing the internet increased from 25.37%
to 53.73%. The increase does not necessarily encourage the public to find waste management information
quickly. People need time to get that information. So that the increase in internet users cannot be used as a
reference in the receipt of information, especially waste management information.

Google's search engine algorithm that influences certain content will appear. It means that competition
in determining keywords from the content used in the news also impacts user searches related to these
keywords. This study is only limited to 5 words used as keywords. It is a research opportunity in the future to
research essential keywords related to waste management. While the topics generated from online news use
the LDA method, no one uses keywords reduce, reuse and recycle (3R). The 3R behavior promotion or
campaign is one of the main ways in reducing waste related to policies increasing public participation and
contribution to reduce waste [47]. Campaigns should improve waste management habits that more emphasize
3R behavior. Furthermore, LDA results only classsify online news into common problem topics. It does not
lead to the topic of waste management specifically.

This results in delays in information reaching users (the public), in addition to the three critical waste
management keywords (reuse, reduce, and recycle) being absent from online news. The delay is allegedly due
to a lack of user awareness of the consequences of improper waste management and less widespread publicity
about waste management. Laziness and recklessness become the dominant factor that is not good in waste
management [48]. The knowledge gap between young people and the elderly about the environment impacts
problems in waste management [49]. The methods of delivery of waste management programs can be through
online mass media, social media, training, websites, education, newspapers, government policies, and NGOs
[50]. Online media platforms are becoming critical with the rapid delivery of information in the digital age. So
that public interest in seeking information about waste management can increase significantly. It requires a
strong synergy between the government, academia, society, NGOs, private sectors, and media called Penta
helix collaboration [51], [52].

It can be known from the results of LDA on topics 2 and 6 that the critical role of the government in
addressing waste is a policymaker in waste management. Based on Law of Republic of Indonesia No. 18 of
2008 on waste management and government regulation of Republic Indonesia No. 81 of 2012 on the
management of household waste and another waste akin to household waste, the regulations should have a
good impact, but the reality shows that the regulations are not apply maximally yet. Cooperation is needed
between policyholders (central, regional, private, and community governments) so that the community gets
policies related to waste management better than before [53].
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4. CONCLUSION

The government takes four weeks to communicate its policies to the public via online media. Because
of the delay in receiving information, it is hoped that news through online media will pay more attention to the
supply and demand for waste management information. Thus, if the keywords used in creating news content
are adequate, the public, as Google platform users, will find it easier to find information on waste management.
Aflood, for example, will generate extensive media coverage of waste-related issues. There is a need for further
research into the selection of dominating or important terms in the description of waste management,
particularly in the context of 3R behavior. Solving problems with unstructured data, such as that found in online
news articles or other data sources related to waste management, is also possible using the deep learning
approach. In addition, a survey of five collaborators, known as Penta helix, is heeded to combine field data
with the results of the Penta helix. Surveying each of these groups will help us figure out how best to raise
awareness, what policies should be put in place, what kind of information should be disseminated to the public,
and how the private sector can help support waste reduction campaigns and management. It will be interesting
to watch how waste management is linked to the spatial layout of the community in Indonesia, given the
country's size and diversity of people.
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