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Abstract

Amid growing global attention to occupational health and safety, the construction industry faces critical challenges associated with
engineered stone, which emits high concentrations of respirable crystalline silica during processing and has been linked to severe lung
diseases. In response, Australia enacted a comprehensive nationwide ban on engineered stone in July 2024. Drawing on media framing
theory, this study analyzes public discourse and sentiment surrounding the ban by examining 7,198 comments collected from Reddit and
YouTube. Through Latent Dirichlet Allocation, three dominant themes emerged: health risks and safety concerns, economic impacts and
industry transition, and regulatory implementation. Sentiment analysis revealed that 55.5% of the comments expressed negative sentiment,
mainly centered on economic concerns, while 21.3% were positive, emphasizing health benefits, and 23.1% were neutral. Economic impact
frames predominated among negative comments, whereas health risk frames were more common in positive ones. These findings suggest
that future policy communications should more effectively integrate narratives around both health protection and economic transition. This
study contributes to the methodological development of sentiment analysis and offers practical insights for policy formulation and
implementation.
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1. Introduction

Engineered stone, also referred to as artificial stone or composite stone, has gained considerable popularity and widespread use in
global architecture and interior design. Commercially available engineered stone products are typically composed of a mixture of
quartz powder and resin, making them a preferred choice for both residential and commercial applications due to their aesthetic
appeal, durability, and low production and maintenance costs!!l. However, despite its broad market acceptance, the processing and
use of engineered stone have raised significant health concerns. Numerous studies have reported that engineered stone contains a
high proportion of respirable crystalline silica (RCS), exposing workers to hazardous dust during cutting, grinding, and polishing
processes. Such exposure has been linked to silicosis, a severe and irreversible occupational lung disease>™l.

The global rise in silicosis cases has led to renewed scrutiny of the safety of engineered stone. Although many countries have adopted
enhanced workplace safety measures, such as improved personal protective equipment and the implementation of wet cutting
techniques, to reduce workers’ exposure to respirable crystalline silical>”], these interventions have not fully eliminated the health
risks associated with occupational exposurel'® 2, In response to these concerns, Australia has taken unprecedented regulatory
action. According to the final report released by Safe Work Australia in 2023, which reviewed extensive evidence on silica exposure
during engineered stone processing, regulatory authorities concluded that a complete ban was the most effective wayto protect
workers. Following this recommendation, a series of events unfolded!'*):

» February 2023: Work Health and Safety (WHS) ministers requested that Safe Work Australia develop a comprehensive plan to ban
engineered stone.

» October 27, 2023: Safe Work Australia released its final report, strongly recommending a total ban on the use, supply, processing,
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and installation of engineered stone due to its high crystalline silica content.
* December 13, 2023: WHS ministers from the Commonwealth, states, and territories unanimously voted to implement the ban.

« July 1, 2024: Australia became the first country in the world to enforce a nationwide ban on engineered stone benchtops, panels,
and slabs.

« September 1, 2024: Additional amendments took effect, introducing stricter regulation on all materials containing at least 1%
crystalline silica.

« January 1, 2025: A ban on the importation of engineered stone products was enacted, further reinforcing the national regulatory
framework.

In contrast, other countries, particularly those in Europe and North America, have primarily emphasized technological improvements
and occupational health monitoring, rather than imposing a complete ban on engineered stonel'* 1%, Australia’s decisive regulatory
action has not only reignited global discussions on r the governance of engineered stone but has also prompted other nations to
consider whether they should adopt similar measures!'’l.

In Australia, the use and processing of engineered stone have also drawn significant public attention in recent years. Surveys indicate
that the engineered stone market is sizable, accounting for over 50% of countertop applications nationwide. However, as an
increasing number of stone fabrication workers have been diagnosed with silicosis, both the public and policymakers have begun to
question the safety of this material. Reports from Australian health authorities reveal that exposure to high concentrations of
respirable crystalline silica during the processing and installation of engineered stone has led to a series of occupational health
crises!'8201,

Existing research has predominantly focused on the physical characteristics of engineered stone and its associated occupational
health risks. In particular, prior studies have established that respirable crystalline silica poses a significant threat to workers’ health.
However, comparatively little attention has been paid to public perceptions of engineered stone, especially in the context of recent
regulatory changes and proposed bans. Drawing on media framing theory?'-22], this study posits that the way health risks and
regulatory measures are framed in public discourse plays a critical role in shaping policy acceptance and implementation(?3l.
Understanding public attitudes and perceptions through the lens of framing theory is essential for policy development, as these
factors not only influence the level of public support but may also affect consumer behavior and the broader trajectory of the
industry4l,

According to existing literature, sentiment analysis has been widely applied in studies exploring public attitudes toward health,
policy, and environmental issues. Building upon this methodological foundation and guided by framing theory, the present study
applies sentiment analysis and topic modeling techniques to systematically examine how different frames influence Australian public
attitudes toward the engineered stone banl?>>?7l. This research not only aims to address the existing gap in understanding public
perceptions but also seeks to provide robust methodological and analytical support for policymakers in developing future regulatory
measures. The specific objectives of the study are as follows:

» To examine the dominant sentiment trends and thematic variations in public discourse surrounding the engineered stone ban,
thereby offering insights into prevailing public attitudes.

» To identify the primary factors driving public support for or opposition to the ban, uncovering key influences that shape public
opinion.

2. Literature Review
2.1 Overview of engineered stone

2.1.1 Types of engineered stone

Engineered stone typically refers to composite materials that contain a significant proportion of mineral fillers, most commonly
quartz, bonded by a resin or cement-based binder. However, the term is sometimes used more broadly in the literature to include
polymer-rich composites that only partially resemble traditional stone in their properties. To clarify these variations, some studies
distinguish between two main categories:

Resin-Dominated Composites (Polymer-Based)

These materials primarily use synthetic polymers, such as epoxy resin, polymethyl methacrylate, or polyester resin, as their principal
binding agent[?*-3%, While they incorporate mineral-based fillers, the polymer component is typically the dominant phase. These
composites are known for their chemical plasticity and relatively low processing temperatures, although they exhibit limited heat
resistancel*'?. The polymerization reactions (e.g., epoxy curing) form a robust three-dimensional cross-linked network, providing
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good impact resistance and chemical corrosion resistancel*’. Due to their flexibility and overall durability, polymer-based composites
are often deemed suitable for building applications?*3,

Mineral-Dominated Composites (High-Silica or Cement-Based)

In contrast, many commercially available products labeled as “engineered stone” are predominantly composed of minerals. These
composites often incorporate inorganic binders, such as cement or lime, combined with quartz sand or other silica-rich
aggregatesl*37l. Typically processed using thermoset mechanisms, these materials are known for their high heat and fire resistance,
as well as their favorable weather durability. However, less stringent production processes may involve low-cost waste fillers (e.g.,
stone slurry, limestone powder), which can lead to reduced mechanical strength and lower economic value. Furthermore, the
production of cement and lime is associated with significant carbon dioxide emissions, raising environmental concerns!*.

In the context of the Australian ban and in most industrial usage, the term “engineered stone” typically refers to mineral-dominated
composites, particularly quartz-based materials with a high silica content. The polymer-rich variants described above are less
commonly implicated in the occupational health concerns targeted by this study, largely because the Australian legislation
specifically addresses the risk of silicosis associated with materials containing substantial amounts of crystalline silica.

2.1.2 Extraction and environmental issues associated with engineered stone

The production of engineered stone involves the extraction of raw materials such as quartz and marble, processes that are often
linked to environmental degradation. As documented in the historiography of stone extraction and reinforced by contemporary
research, quarrying can have significant ecological impacts, including habitat disruption, high water consumption, and substantial
energy usel3%-%0l, Additionally, the generation of dust during production poses risks not only to worker health but also to the
surrounding environment. The incorporation of resin in engineered stone further raises concerns, particularly regarding chemical
pollution stemming from the production and disposal of resin-based materials!*!l. While dust-related hazards have been extensively
studied in quarrying and mining contexts, there is a notable lack of comprehensive research assessing the environmental impacts of
engineered stone across its entire lifecycle, from raw material extraction and manufacturing to usage and end-of-life disposal. This
gap highlights the need for further investigation into the full environmental footprint of engineered stone, especially considering its
distinctive composition and processing methods.

2.1.3 Australian engineered stone ban

Australia has been a major market for engineered stone, particularly in interior applications for residential and commercial
construction. However, the growing use of this material has been accompanied by increasing occupational health risks, prompting
widespread concern. In response, the Australian government introduced a series of regulations aimed at reducing workers’ exposure
to RCS during the processing of high-silica engineered stonel'®l. Effective from July 1, 2024, Australia implemented a nationwide ban
on engineered stone to address the alarming rise in silicosis cases. This legislation imposes strict restrictions on the production, sale,
and installation of engineered stone. In contrast to countries, in Europe and North America, which primarily rely on technological
controls to manage dust exposure, Australia has taken a legislative approach by prohibiting the use of this high-risk material entirely.
This ban has had significant implications for the construction and manufacturing sectors. As a result, many stakeholders are now
actively exploring alternative materials that can provide comparable functional and aesthetic qualities to engineered stone, while
being entirely free of hazardous crystalline silical*?l,

2.1.4 Occupational health and safety and control measures in Australia

Due to the high concentration of RCS in the dust produced during the processing of engineered stone, Australia’s WHS framework has
adopted a multi-tiered approach to risk mitigation . Each Australia state enforces its own specific prevention and control standards
tailored to local conditions and industry practices. For example, regulations in Queensland mandate the use of wet cutting
techniques and powered air-purifying respirators when operating machinery such as bridge saws, in order to minimize dust
dispersion/*’l, Additionally, employers are required to conduct regular health monitoring for workers to facilitate early detection of
silica-related illnesses!*’l, In New South Wales, further protective measures include the compulsory use of
Australian-standard-compliant half-mask respirators, annual fit testing to ensure proper seal and functionality, and the deployment
of vacuum dust extraction systems alongside wet processing methods!*’l. Moreover, workplaces must routinely monitor airborne
dust levels to ensure compliance with WHS air quality standards!®l. At the national level, SafeWork Australia, the primary agency
responsible for occupational safety guidelines, has played a central role in shaping the regulatory framework that supports the
engineered stone ban . Its final report, released in 2023, offers updated implementation guidance and outlines the anticipated
outcomes of the adopted control measures!*’.

2.2 Media framing theory in health policy research

2.2.1 Core concepts of framing theory

Media framing theory offers a conceptual foundation for understanding how public health policies are communicated and
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interpreted by the public. According to Entman, frames are interpretative structures that enable individuals “to locate, perceive,
identify, and label” events or information?'l, With the context of public health policy, framing functions to emphasize particular
elements of an issue while downplaying others, thereby shaping how the public perceives, evaluates, and responds to policy
initiatives[??.

2.2.2 Framing in occupational health policy

In the discourse surrounding occupational health policy, several dominant frames frequently emerge. These key frames are
summarized in Table 1.

Table 1. Dominant frames in occupational health policy discourse

Frame Type Description Key Elements Reference

Health risk frame Emphasizes immediate and long-term health Medical evidence, Personal narratives, Expert [48]
consequences of workplace exposures testimonies

Economic frame Focuses on financial implications of health Implementation costs, Industry impacts, [49]
policies Employment effects

Regulatory frame Centers on government intervention and Enforcement mechanisms, Compliance [50]
control measures requirements, Policy guidelines

Social justice frame Highlights worker rights and corporate Worker protection, Industry accountability, [51]
responsibility Equity considerations

2.2.3 Social media and frame amplification

Social media platforms have significantly reshaped the construction and dissemination of policy frames within public discourse.
These digital environments function as interactive arenas where various stakeholders negotiate and contest policy interpretations.
Features such as sharing, commenting, and algorithmic amplification facilitate the rapid spread of particular frames while
simultaneously diminishing the visibility of competing narratives. This dynamic contributes to the phenomenon of “frame
resonance”, where specific policy interpretations gain prominence through network sharing®.

The interactive nature of social media platforms offers unique opportunities to examine frame effects in real time, enabling
researchers to observe how various stakeholders engage with, respond to, and shape policy discourse. In the context of occupational
health discussions, this often reveals intricate interactions among health, economic, and social justice frames. However, the echo
chamber effect inherent to social media can reinforce particular interpretations within like-minded communities, potentially leading
to heightened polarization in public perceptions of policy initiatives, such as Australia’s engineered stone ban.

2.3 Application of deep learning in sentiment analysis

Deep learning techniques have transformed the field of sentiment analysis, offering substantial improvements over traditional
methods. Conventional approaches, such as lexicon-based models, often struggle with complex linguistic phenomena, including
polysemy, sarcasm, and context-dependent meanings!>l. In contrast, deep learning architectures, such as convolutional neural
networks (CNNs), recurrent neural networks (RNNs), and long short-term memorys (LSTMs) networks—excel at capturing intricate
patterns in large-scale text data. These models automatically learn relevant features without the need for manual input, making them
particularly well-suited for detecting subtle nuances in public sentiment. In this study, such methods have proven effective in
extracting the sentiment dynamics essential to the experimental analysis.

3. Methodology

In recent years, social media has emerged as an increasingly influential platform for public discourse. Platforms such as Twitter (now
X), Facebook, Reddit, and YouTube provide dynamic spaces where users engage with current affairs and express their opinions,
thereby offering valuable reflections of public attitudes on issues such as health and the environment!>>**l, Numerous studies have
demonstrated that natural language processing (NLP) techniques, such as sentiment analysis and topic modeling, are effective tools
for identifying trends in public sentiment and uncovering key themes in online discussions. These methods offer critical insights into
how the public perceives and responds to specific issuesl>l. For example, NLP techniques have been applied to analyze sentiment
toward flu vaccination, revealing that “distrust” and “criticism of government policies” were dominant themesl>°l. Similarly, another
study employed BERTopic to examine discourse surrounding the United Nations Decade of Healthy Ageing campaign, identifying 16
thematic clusters. The findings indicated that the public strongly associates healthy aging with proper diet and lifestyle choicestl.
Together, these studies highlight the significant potential of NLP methods in advancing research at the intersection of health
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communication and public policy.

For our study, we selected Reddit and YouTube as the primary data sources based on their unique user structures and interaction
patterns, which align well with our research objectives. Reddit’s hierarchical organization into subreddits attracts a younger,
tech-savvy, and highly engaged audience, fostering in-depth and topic-specific discussions that capture nuanced public sentiments
and opinions>®°%l. YouTube, on the other hand, offers a diverse content ecosystem that includes news, expert commentary, and
comimunity reactions, providing a rich source of commentary data and capturing both linguistic and non-linguistic cues essential for
sentiment analysis(®®l. Although other platforms such as Twitter (now X) and Facebook are also important channels for public
discourse, Twitter’s brevity and real-time focus may limit the depth of discussion compared to Reddit, while Facebook’s often closed-
network structure can constrain the diversity of publicly accessible opinions. Therefore, our targeted approach, focusing on Reddit
and YouTube, offers detailed and comprehensive insights. Nevertheless, we acknowledge that excluding other platforms constitutes a
limitation that may affect the generalizability of our findings.

Future research should broaden its scope to include a wider range of platforms, such as Twitter and Facebook, and consider
integrating survey data or alternative methodologies to capture a more balanced and representative cross-section of public attitudes.
Figure 1 presents an overview of the data collection and analysis process employed in this study.

Stage 1: Crawling Techniques Stage 2: Latent Dirichlet Allocation
s T
: ; 1 — TF-IDF 1
H Python Coding : : :
1 1] l 1
1 1
: Configuration APIs Data Collection 1 : :
]
: 1 : :
I Data Filtering ] I |
1y l i
1 . 1 Perplexit
: Data Cleaning : : erpiextty :
1 1
1 1 e I
: Removing Punctuation and Special Characters : : (L5 LT ST :
1 1] 1
1 1 1
: Converting to Lowercase Removing Stop Words : : l Coherence 1
1 1
1 1 1
1
: Removing Numbers Removing Extra Whitespace : : :
1 1
H Spellin ; : !
1 Lemmatization Stemming peting 1 -
: Correction : 1 l 1
1 Handling Abbreviations and Text 1 : - Topic Distribution :
: Emojis Normalization : : :
1
e e e —————————————— e ————— ]
___________________________________________________________________________ N
1
]
i
CNN Layer —  Max Pooling Layer —> BiLSTM Layer :
| 1
i
D L. <+—  Attention Mechani:
Sentiment classification models Output Layer ] G R cntion Aechamism :
T e e e e e
Stage 4: Results and analysis
S i
: Theme Distribution Sentiment Distribution Chronological analysis Future Issues and Gaps :
1 1

Figure 1. Overview of data processing and analytical methods. TF-IDF: term frequency inverse document frequency; CNN: convolutional neural network;

BiLSTM: bi-directional long short-term memory.

3.1 Data extraction

Web crawling techniques enable the rapid extraction of large volumes of information from numerous web pages, significantly
enhancing the efficiency and scope of data collection. Moreover, these techniques can be flexibly tailored to meet specific data
acquisition requirements, offering highly customizable solutions for diverse research needsl®'l. In this study, Python was employed as
the primary programming language to implement the data extraction process, as detailed below.
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1) Configuring APIs: Web crawler libraries such as prew (Python Reddit API Wrapper) were employed to extract data from Reddit,
while youtube-dl was used to retrieve video and comment information from YouTube.

2) Data screening: This process involved a keyword-based search, informed by policy documents and framing theory literature, to
ensure coverage of different frame types such as health risks, economic impacts, and regulations (Table 2). The search spanned the
period from January 2022 to May 2024, a timeframe strategically selected to capture shifts in public attitudes related to the
introduction and enforcement of the engineered stone ban. Keyword selection was based on a preliminary analysis of policy texts,
media reports, and exploratory data collection, which identified commonly used terms and their variations in public discourse. The
‘most relevant’ sorting algorithm defined by each platform’s API was used to prioritize content closely matching the keywords. An
automated filtering mechanism was also incorporated into the data collection pipeline to evaluate the relevance of the retrieved
content.

Table 2. Set dictionary.

Material Keywords Policy Keywords

Example Combinations

Frame-specific Keywords

Engineered stone Ban “Engineered stone ban” Health (“risk”, "disease”)
Artificial stone Prohibition "Artificial stone prohibition” Economics (“cost”, “jobs”)
Artificial slab Forbidden “Artificial slab restriction” Safety (“protection”)
Countertop Restriction "Quartz forbidden” Rights (“worker rights”)
Quartz “Countertop ban”

3) Data collection: The data collected included post titles, introductions, publishing dates, commenting times, and the number of likes
on both posts and comments. Due to privacy protection regulations, geolocation information for posters and commenters was not
available. During data collection, the “drop_duplicates” method was used to remove duplicate entries, errors = ‘coerce’ was applied to
handle erroneous data, and applied the “fillna” function was used to address missing values. A total of 12,152 comments were
collected, most of which were short text entries, typically fewer than 100 words.

4) Data preprocessing: Python was used to clean up the collected database, including converting all characters to lowercase, and
removing duplicates, spaces, URLs, and special characters (e.g., %, $). The NLTK library was used to split text and remove stop words.
Notably, the dataset included various instances of Internet slang and Spanish-language comments, which were manually filtered out
to prevent noise and maintain the accuracy of subsequent analysis. After preprocessing, a total of 7,198 valid text entries were
retained. A detailed dataset description is provided in Table 3.

Table 3. Dataset description.

Number of

Number of Number of
comments before

Posts Comments
data cleaning

Platform Data Type Time Range Example

Reddit Post Title 1,527 - - January 2022 - May 2024 “"Australia’s ban on engineered
stone - what are your thoughts?”
Post - 11,076 6,729 January 2022 - May 2024 “As someone who works with
Comment engineered stone, I'm worried
about losing my job. The
government should have
provided more support for the
industry during this transition.”
Comment - - - January 2022 - May 2024 “2023-03-15 09:42:36"
Timestamp

YouTube  VideoTitle 108 - - January 2022 - May 2024 “The truth behind Australia’s

engineered stone ban”

Video - 1,076 469 January 2022 - May 2024 “I don't understand why they're
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Comment banning engineered stone
completely. Shouldn't they focus
on improving safety measures in

the workplace instead?”

Comment - - - January 2022 - May 2024 "2023-02-28 05:15:23"

Timestamp

Total - 1,635 12,152 7,198 - -

3.2 Model synthesis

In this study, we utilize two analytical tools—Latent Dirichlet Allocation (LDA) and a Convolutional Neural Network - Bidirectional
Long Short-Term Memory - Attention Model (CNN-BiLSTM-Attention model)—to extract and analyze key thematic and sentiment
features from social media comments. The primary goal of using LDA is to efficiently identify the underlying topics present in the
data, directly addressing our research question regarding public reactions to the engineered stone banl°2-°‘l, In parallel, the
CNN-BIiLSTM-Attention model is used exclusively for sentiment analysis, allowing us to classify public opinions as positive, negative,
or neutral, thus linking the analytical results directly to the objectives of our study. While the technical specifications of these models
are provided in the supplementary material, the main focus in the text is on their application: LDA organizes the data into coherent
themes, and the CNN-BiLSTM-Attention model assesses sentiment trends within these themes°s],

3.3 Topic modelling

LDA is one of the most widely used and effective topic modeling algorithms. It is a generative statistical model designed to uncover
latent topics within a collection of documents!®l. LDA operates on the assumption that each document is a mixture of multiple topics,
and each topic is characterized by a specific distribution of words!®’l. By analyzing word frequencies and co-occurrences patterns
within the corpus, LDA identifies the underlying thematic structure of the documents. In this study, the Python programming
language was selected for its versatility and ease of use, and the Gensim library was chosen for its effectively in handling large-scale
text data. Specifically, the “gensim.models.ldamodel.LdaModel” package was employed to implement the LDA model.

3.4 Sentiment analysis

Sentiment analysis is a technique used to detect and classify emotional tendencies within textual content. It is commonly applied to
identify opinions and emotional attitudes expressed in text. In recent years, sentiment analysis has become an essential tool for
assessing public opinion on social media, particularly in relation to societal issues, policy debates, and environmental concerns,
where public engagement has significantly increased>>¢7-%. Mainstream sentiment classification methods can be broadly categorized
into binary, ternary, and more complex five-class or six-class systems. Among these, binary classification, distinguishing between
positive and negative sentiments, is the simplest and most efficient, often used when rapid insight into user needs, attitudes, or
satisfaction is required!®’l. However, binary classification lacks the ability to capture more subtle emotional shifts and does not
accommodate neutral perspectivel’’l. Ternary classification addresses this shortcoming by introducing a neutral category alongside
positive and negative sentiments. It is particularly well-suited for contexts such as policy debates, social media commentary, and
news analysis, where public opinion is frequently nuanced and may reflect uncertainty or a more objective and rational stancel”!l.
Therefore, ternary classification is considered effective in capturing these emotional distinctions.

For more complex tasks, five-class or six-class classification systems are often preferred. Five-class classification includes categories
such as very positive, positive, neutral, negative, and very negative, making it suitable for fine-grained sentiment analysis in contexts
such as film or product reviews![’?l. This approach allows for a more nuanced distinction between strong dissatisfaction and strong
enthusiasm, rather than relying solely on broad positive or negative categories. Six-class classification extends emotional dimensions
further by incorporating specific emotional states such as anger, disgust, fear, joy, sadness, and surprise. This level of emotional
monitoring is primarily used in fields such as crisis management, customer service, and psychological health assessment, where the
detection of complex emotional expressions is criticall’>7!. However, these advanced classification systems are associated with
increased model complexity and higher training costs.

In this study, sentiment classification was applied to user-generated discussions on YouTube and Reddit to explore public attitudes
toward the engineered stone ban. Considering the research objectives and the nature of the data, ternary classification was deemed
the most appropriate approach. This method enables the differentiation of public sentiment into three categories: positive, negative,
and neutral. The analysis begins with preprocessing of the textual data, which includes noise reduction and the removal of irrelevant
content. The cleaned data is then fed into the sentiment analysis model, where it undergoes encoding and decoding processes. The
model subsequently extracts features and classifies the input texts according to the three sentiment categories mentioned above.
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3.5 CNN-BiLSTM-attention model

In the field of sentiment analysis, a wide range of deep learning models have been developed, including standalone architectures
such as CNN, RNN, and their variants like LSTM networks and Gated Recurrent Unit. However, these individual models often face
inherent limitations in capturing complex semantic relationships and long-range contextual dependencies within textual datal’>.As a
result, an increasing number of studies are exploring hybrid architectures to enhance overall model performance and accuracy!’"79,
The complete architecture of the model is presented in Figure 2.

ha
BiLSTM Layer LSTM™ |
LST™ |
X2

|
|

:Word Embedding[ Sentence 1... ] [ Sentence 2... ] [ Sentence 3... ] [ Sentence 4... ]

Figure 2. CNN-BiLSTM-attention model architecture. LSTM: long short-term memory; CNN: convolutional neural network.

4. Results

4.1 Optimal topic number determination

To determine the optimal number of topics for the topic model, this study employed Multidimensional Scaling to evaluate the
distribution characteristics among topics and assessed the model’s semantic differentiation capability based on keyword
distributions. Figure 3 illustrates the inter-topic distance distribution when the number of topics is set to three and four, reflecting
the semantic structural under different topic settings.
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Intertopic Distance Map (via multidimensional scaling) Intertopic Distance Map (via multidimensional scaling)

PC2 pC2

\

PCl PC1

2

Marginal topic distributien Marginal topic distribution
2% 2%
5% 5%
10% 10%

Figure 3. Inter-topic distance map for three and four topics.

In the three-topic model, the topic distribution is relatively balanced, with minimal overlap between topics. This suggests that the
model can identify well-separated and clearly clearly defined thematic structures. Moreover, the associated keyword distributions
show strong semantic coherence, aligning closely with the core content of each topic, which enhances the interpretability of the
model. By contrast, increasing the number of topics to four leads to a noticeable decline in semantic separation, particularly between
Topic 1 and Topic 2, where substantial overlap is observed. Additionally, the keyword distributions become more scattered,
weakening semantic differentiation and indicating a reduction in topic quality as the number of topics increases.

From the model’s performance, it is evident that while increasing the number of topics may capture more semantic nuances, an
excessive number of topics can result inblurred semantic boundaries and even redundant content. The three-topic model strikes an
effective balance between semantic coherence and topic distinctiveness, making it the most suitable choice for this study. This
finding is consistent with the conclusion of Chen and Wei, who emphasized that selecting an appropriate number of topics helps to
prevent overfitting and enhances the interpretability of the model!®®l.

4.2 Principal topics analysis

» o«

Based on the results of the LDA topic model, three principal themes were identified: “Protection and Utilization”, “Government
Regulation and Industry Impact”, and “Worker and Population Well-being”. These themes were derived from the dominant keywords
associated with each topic. As shown in Table 4, public discourse on social media is primarily focused on “Worker and Population
Well-being” (0.487), “Protection and Utilization” (0.266), and “Government Regulation and Industry Impact” (0.246).

Table 4. Key themes and their respective weights and keywords.

Theme Weights Keywords

Protection and utilization 0.266 dust, mask, wear, years, kitchen, bench, cutting, use, concrete, time,

day, good, masks, work, wearing, back, PPE

Government regulation and industry 0.246 people, good, government, OSHA, right, companies, employees,
impact years, many, employers, someone, even, job
Worker and population well-being 0.487 stone, silica, economics, ban, cutting, safe, work, asbestos, workers,

safety, alternative, product, use, natural, risk,

PPE: personal protective equipment; OSHA: Occupational Safety and Health Administration.

In the “Protection and Utilization” theme, discussions primarily center on safety practices and the use of engineered stone,
particularly in operations involving materials such as kitchen countertops and concrete. Social media users emphasize the necessity
of wearing masks and personal protective equipment, safety precautions during cutting processes, and protective measures required
for prolonged working hours. The “Government Regulation and Industry Impact” theme highlights the proactive role of government
and regulatory bodies, such as the Occupational Safety and Health Administration, in safeguarding worker health. Comments
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frequently reference regulatory policies, corporate accountability, and employee rights. Nevertheless, many users express concerns
that the implementation of these regulations may pose challenges to industrial transformation and employment, potentially affecting
the economic stability of both businesses and workers.

The most prominent theme, “Worker and Population Well-being”, captures widespread concerns regarding the health risks posed by
stone materials, particularly engineered stone containing silica. Discussions focus on the adverse health effects of dust and hazardous
substances generated during stone cutting, especially for workers. Users also express apprehensions about the potential bans on
engineered stone and safety issues related to associated products. Additionally, many commenters highlight the economic
consequences of such bans and explore the feasibility of adopting natural alternatives, reflecting broader concerns about the
potential impact on industry and employment.

4.3 Trend of the topics over time

Figure 4 illustrates both the overall posting trends and the temporal evolution of the thematic categories identified through our topic
modeling analysis. The visualization reveals distinct patterns, highlighting how different themes gained prominence in public
discourse at various stages over time.

In early 2023, public discussions predominantly focused on health risks, with a notable peak occurring in February, during which
health-related concerns constituted approximately 21.3% of the dialogue. This surge in attention coincided with the initial debates
surrounding the proposed ban and growing awareness of silicosis cases among workers in the engineered stone industry.
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Figure 4. Topic evolution over time.

The most significant surge in discussion volume occurred in December 2023, with economic impact emerging as the dominant
theme, accounting for approximately 55.5% of posts. This dramatic increase corresponded with the government’s formal
announcement of the ban, which triggered intense public debate regarding the costs of industry adaptation and concerns over job
security. During this period, the total number of monthly posts exceeded 3,200, the highest recorded throughout the study period.

In early 2024, the discourse shifted toward regulatory compliance, accounting for approximately 23.1% of the discussions. This
transition reflected businesses’ increasing focus on the practical challenges of implementation as they prepared for the July 2024
enforcement deadline. Although the overall discussion volume moderated after January 2024, attention remained centered on
compliance issues and industry adaptation strategies.

The temporal analysis highlights how public discourse evolved in response to key policy developments, transitioning from initial
health concerns to economic impacts and finally to implementation challenges. This progression illustrates the dynamic nature of
public reactions to major policy shifts and underscores the critical role of timing in policy communication strategies. The findings
also indicate that while economic concerns dominated the overall discourse, specific events and official announcements significantly
shaped the relative salience of each theme over time.
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4.4 Results from public sentiments

To evaluate public sentiment regarding the engineered stone ban, we analyzed 7,198 comments collected from Reddit and YouTube
using the trained CNN-BiLSTM-Attention model. As presented in Table 5, the majority of comments (3,998, or 55.5%) conveyed
negative sentiments, significantly exceeding those expressing positive (1,540, or 21.3%) or neutral (1,660, or 23.1%) views. This
sentiment distribution indicates substantial public opposition and resistance to Australia’s implementation of the engineered stone
ban.

Table 5. Sentiment distribution and representative examples from the dataset.

Sentiment Number of Comments  Percentage Example

Positive 1,540 21.30% “Banning engineered stone is definitely great news! Finally, there's
some real focus on worker health. Working with harmful dust every

day is literally risking your life.”

Neutral 1,660 23.10% “Engineered stones are often up to 90% silica. It's the concentration
that is the issue here. Most other commonly cut and ground silica-

containing products are nowhere near this level.”

Negative 3,998 55.50% “The real issue to be addressed is unsafe work practices. Every stone
product contains silica, including cement, concrete, tiles, bricks, and
even drywall. I have seen on many occasions people with no mask
protection, covered in dust from cutting, grinding, and sanding
concrete, tiles, and drywall, even when masks were provided by the
company. State and federal workplace ministers had the opportunity
to address these unsafe work practices around working with all these
products that produce dangerous dust but chose not to. So, people
will still be dying from dust-related lung diseases until they address

the real issue, which is unsafe work practices.”

Total 7,198 100.00%

The prevalent negative sentiment likely reflects widespread concerns about working conditions, safety standards, and dissatisfaction
with both corporate and government regulations, particularly in relation to worker health and safety. The introduction of the ban
appears to have intensified longstanding issues within the engineered stone industry, contributing to a surge in critical public
sentiment. Although a segment of the public supports the ban, as evidenced by the proportion of positive comments, these voices
remain in the minority. Meanwhile, the substantial share of neutral comments suggests that a notable portion of the public remains
undecided or ambivalent about the ban’s overall impact.

However, a closer examination of the negative comments reveals that many are not purely expressions of opposition to the ban, but
rather reflect calls for stricter enforcement and additional regulatory measures. For instance, some commenters acknowledged that
while the ban represents a positive step forward, the current level of enforcement has a greater impact on the prospects of the
industry and more appropriate measures are needed.

The identified themes encapsulate distinct yet interconnected dimensions of the engineered stone ban’s implications. The theme
“Worker and Population Well-being” highlights the health risks associated with engineered stone, particularly exposure to respirable
crystalline silica and its established link to occupational diseases such as silicosis. This directly corresponds to the health dimension
of the study, reinforcing the rationale behind the ban as a measure to protect worker health and mitigate occupational hazards. The
predominance of negative sentiment within this theme reflects public concern over systemic shortcomings in workplace safety and
the perceived inadequacy of regulatory enforcement, as illustrated by comments such as “unsafe work practices remain the real
issue”.

In contrast, the theme of “Government Regulation and Industry Impact” reflects public discourse surrounding the regulatory
framework and economic consequences of the policy. While some comments acknowledge the necessity of the ban, many express
dissatisfaction with its perceived lack of foresight and the financial burden it imposes on affected industries. Notably, a substantial
portion of negative commentary highlights the financial strain on small businesses and criticizes the limited government support
provided to assist with the transition. This theme is closely aligned with the policy dimension of the study, underscoring public
concerns about the challenge of balancing regulatory effectiveness with economic stability.
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Finally, the theme of “Protection and Utilization” encompasses discussions on sustainable practices, resource management, and the
environmental consequences associated with the use and disposal of engineered stone. This theme aligns with the environmental
dimension of the study, emphasizing the importance of developing practical solutions that mitigate ecological harm while promoting
the safe and responsible utilization of materials.

5. Discussion

5.1 Methodological effectiveness and model performance

The CNN-BiLSTM-Attention model employed in this study demonstrated notable effectiveness in analyzing social media discourse
surrounding the engineered stone ban. The experimental results revealed that the model achieved an accuracy of 0.83,
outperforming standalone CNN (0.72) or BiLSTM (0.79) models.

5.2 Frame analysis and public response

Our findings illustrate how different media frames shaped the public discourse surrounding Australia’s engineered stone ban. The
prevalence of negative sentiment (55.5%) was largely driven by frames emphasizing economic impacts, particularly concerns about
industry costs and job losses. This aligns with framing theory, which suggests that economic consequence frames can have a strong
influence on public reception of policy initiatives*°l. In contrast, positive sentiments (21.3%) were primarily linked to health risk
frames, which highlighted concerns about worker safety and the long-term health benefits of the ban.

It is important to note that negative sentiments should not be broadly interpreted as opposition to the engineered stone ban. In
certain instances, these negative reflect a call for stronger regulatory measures rather than disapproval of the ban itself. This
nuanced perspective highlights the need to consider public opinion within a wider socio-political context. Indeed, criticism of the
current policy implementation can be viewed as a demand for more support for the stakeholders affected by the ban.

The interaction between these competing frames offers valuable insights for policy communication. While health risk frames
generated support for the ban, their effectiveness was often diminished when economic impact frames dominated the conversation.
This indicates that the successful implementation of policy may require a more balanced integration of both health and economic
considerations in public communication.

5.3 Broader implications and policy recommendations

The public’s concerns extend beyond the engineered stone ban, with many that it alone is insufficient to fully address the risks
associated with silica dust exposure. Other commonly used construction materials, such as concrete and bricks, also contain high
levels of silical®'-¥2l, While a blanket ban on all silica-containing materials is unrealistic due to their widespread use, ensuring worker
safety will require more comprehensive regulatory measures. The government could enhance inspections, introduce real-time dust
monitoring tools, promote worker health assessments, and utilize big data to identify high-risk occupations and regions.

The economic impact of the ban has been a central point of public discussion, especially within the construction industry. The
transition to alternative materials, adjustments in production processes, and the need for equipment upgrades and employee
retraining will increase operating costs and construction lead times. Potential material shortages or delayed deliveries may further
hinder industry productivity and disrupt project schedules!®3l. These economic pressures have contributed to the public’s negative
perception of the ban. To mitigate these concerns, the government could provide financial support and subsidies to affected
businesses, promote innovation, and facilitate the transition to safer alternative materials. Additionally, offering retraining programs
for affected workers or helping them find employment in industries with technical overlaps could safeguard their job prospects.

6. Conclusions

Australia’s ban on engineered stone represents a globally pioneering policy initiative; however, no prior research has specifically
examined public attitudes and the social impacts of this prohibition. This study addresses several critical research gaps by leveraging
natural language processing techniques, namely, LDA for topic modeling and a CNN-BiLSTM-Attention model for sentiment
analysis—to analyze the complex public sentiment surrounding Australia’s comprehensive ban on engineered stone, driven by health
concerns related to high silica content.

Guided by framing theory, our analysis of 7,198 comments from Reddit and YouTube identified three principal themes: protection and
utilization, government regulation and industry impact, and worker welfare. Sentiment analysis revealed a predominance of negative
sentiment, comprising 55.5% of all comments, largely centered on economic concerns and dissatisfaction with regulatory
implementation. Positive sentiment accounted for 21.3%, primarily highlighting the policy’s potential benefits for worker health and
safety, while neutral sentiment made up 23.1%, reflecting ambivalence regarding on the ban’s broader implications. This distribution
suggests that public discourse was predominantly framed around economic and regulatory lenses, with relatively less emphasis
placed on the intended health benefits of the ban.
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To improve public understanding and reduce resistance, this study recommends that future policies prioritize transparent
communication about the health risks of silica exposure. Additionally, offering economic support to industries affected by such
regulations may help address public concerns and facilitate smoother policy adoption. Overall, the findings underscores the
importance of a comprehensive policy strategy that integrates health, economic, and social considerations to foster greater public
support and compliance.
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