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Abstract

Indoor air pollution (IAP), with elevated levels of fine particulate matter, significantly impacts
public health in low- and middle-income countries (LMICs) such as Bangladesh where reliance
on biomass fuels and inadequate ventilation leads to high pollutant concentrations exceeding
World Health Organization (WHO) guidelines. While technological interventions have been
explored, behavioral determinants of 1AP reduction remain largely underexplored. Therefore,
this study investigated the psychosocial determinants of indoor air pollution reduction
behaviors among 410 urban residents in Bangladesh using an extended Theory of Planned
Behavior (TPB) model following a cross-sectional study design via a 35-item structured online
questionnaire. Confirmatory factor analysis (CFA) and structural equation modelling (SEM)
were used to test the measurement model’s reliability and validity. The SEM results indicated
significant positive associations of attitude (AT) (B = 0.836, p < 0.001), subjective norm (SN)
(B = 0.430, p < 0.001), perceived behavioral control (PBC) (B = 0.334, p = 0.004),
environmental concern (EC) (B = 0.661, p <0.001), and actual behavior (AB) (B = 0.832, p <
0.001) with behavioral intention (BI). Moderation analysis showed that PBC moderated the
relationships between AT and BI (p =-0.386, p = 0.045) and between SN and BI (f =-0.437,
p = 0.021), with higher PBC linked to stronger Bl regardless of AT or SN levels. Our findings
highlight the significance of enhancing public health efforts in resource-limited urban settings,
with interventions that strengthen behavioral control, promote environmental awareness, and
social norms may enhance sustainable practices to reduce IAP.

Keywords: Indoor air pollution; Theory of Planned Behavior; Urban area; Behavioral
intention; Pro-environmental behavior

1. Introduction

Air pollution is a major global health concern linked to premature mortality and increased risks
of respiratory and cardiovascular diseases (Dedoussi et al. 2020; Khomenko et al. 2021). Rapid
urbanization and industrialization have intensified emissions of particulate matter (PM),
nitrogen oxides (NOxy), sulphur dioxide (SO:), ozone (Os), carbon monoxide (CO), volatile
organic compounds (VOCs), and heavy metals, all of which adversely affect human health
(Chan and Yao, 2008; Liang and Yang, 2019; Shi et al., 2017a, Domingo and Rovira, 2020;
Khajeamiri et al., 2021; Manisalidis et al., 2020). Indoor air quality (IAQ), though often
overlooked, is equally critical (Kumar et al., 2023; Yasmin et al., 2024). In low- and middle-
income countries (LMICs), indoor pollution induced primarily from biomass combustion,
cooking, and poor ventilation, substantially contributes to PM..s exposure (Alhajeri et al. 2024;
Pekey et al. 2013). Fine particulate matter penetrates deep into the lungs, causing damage to
the respiratory (Liu etal. 2017; Sun et al. 2018) and cardiovascular systems (Zhang et al. 2022).
Long-term exposure to PM: s is associated with higher risks of heart disease (Wang et al. 2021;
Weichenthal et al. 2016), strokes (Alexeeff et al. 2021), lung cancer (Yang et al. 2022) and all-
cause mortality (Liu et al., 2022). Additionally, VOCs, NO2, CO, and heavy metals in indoor
air pose serious health risks, including neurotoxicity and carcinogenicity (Vardoulakis et al.
2020).

Approximately 40% of the global population continues to rely on solid biomass fuels—such as
wood, agricultural residues, and animal dung—for cooking and heating, with dependency rates
reaching 80-90% in Sub-Saharan Africa and South Asia (Adili Y 2018; Habermehl 2007,
Timilsina and Malla 2021). The combustion of these fuels emits substantial indoor air



pollutants, exposing an estimated 3 billion people worldwide to poor indoor air quality
(Holgate 2017). This exposure has significant health consequences, contributing to between
2.8 and 4.3 million premature deaths annually, or approximately 7.7% of global mortality,
predominantly through its impact on respiratory and cardiovascular systems, primarily caused
by PM2s (Fehintola, 2021; Johnson et al., 2022). In Bangladesh, indoor PM..s concentrations
have been reported to average around 190 pg/m?, significantly exceeding the WHO's
recommended limit of 25 pg/m* (Gurley et al., 2013), with biomass burning and fossil fuel
combustion identified as major sources (Hossain 2019; Rahman et al. 2020). During cooking,
the use of biomass stoves can elevate PM..s levels beyond 1000 pg/m? (Salje et al. 2014). Fuel
use is stratified by socioeconomic status, with higher-income households more likely to use
cleaner fuels like LPG, while lower-income groups depend on polluting biomass fuels (Ahmad,
Kiran, and Alamgir 2023; Begum, Hopke, and Markwitz 2013). The health risks from indoor
air pollution are compounded by factors such as cooking duration, type of fuel, exposure time,
and concentration, which affect both the cooking area and the broader household environment
(Alam et al. 2022; Amadu et al. 2023). Moreover, other indoor air pollution sources include
cooking duration exposure, housing materials, and ventilation practices, such as the opening of
windows and doors (Raju, Siddharthan, and McCormack 2020; Saraga et al. 2023; Tran, Park,
and Lee 2020). Additional contributors to indoor PM..s include inadequate ventilation, small
kitchen spaces, absence of chimneys, poor housing materials, and cooking practices (Dai et al.,
2018; Gurley et al., 2013; Q. Liu et al., 2022). Moreover, emissions from tobacco smoking,
burning candles or oil lamps, kerosene use, kitchen location, building materials, and residential
fireplaces and fuel-burning space heaters further worsen indoor air quality by releasing PM..s
and PMio (Kurata, Takahashi, and Hibiki 2020; Ram et al. 2014; S. Dasgupta, Hug, M
Khaliquzzaman, et al. 2006; Alam et al. 2022).

Conventional strategies to reduce air pollution have largely relied on technological and
infrastructural interventions, including clean cook stove adoption, electrification, enhanced
fuel standards, and the use of air purification systems (Chowdhury et al. 2024; Irfan, Cameron,
and Hassan 2021). However, they are often inaccessible in LMICs due to economic and
infrastructural limitations (Ali and Burhan 2024; Wang et al. 2024). Consequently, millions
remain exposed to unsafe levels of air pollutants, particularly within household settings. In such
contexts, behavioral strategies such as switching to cleaner fuels, enhancing ventilation, or
modifying cooking routines represent viable, cost-effective, and urgently needed alternatives
(Imarhiagbe, Nwodo, and Ogwu 2024; Rawat and Kumar 2023; Salje et al. 2014). To
understand the mechanisms underlying such behavior, Ajzen’s Theory of Planned Behavior
(TPB) offers a rational and hedonistic decision-making model that emphasizes how attitudes,
subjective norms, and perceived behavioral control shape behavioral intentions, rather than
behavior directly (Ajzen, 1991; Bamberg and Mdéser, 2007). The TPB has been widely applied
in environmental psychology and public health to predict various pro-environmental behaviors,
including household energy conservation (Liu et al. 2021), air pollution reduction behavior
(Shi, Fan, and Zhao 2017; Shi, Wang, and Zhao 2017a; Hung, Chang, and Shaw 2019),
sustainable transportation choices (Acheampong 2017), and adoption of clean cooking
technologies (Pakravan and MacCarty 2020).

Despite its proven applicability, behavioral research on air pollution mitigation, particularly
within indoor environments, remains fragmented and underdeveloped. Much of the existing
literature has concentrated on ambient air pollution (Sanchez-Garcia et al. 2021; Cheng et al.
2022; Shi, Fan, and Zhao 2017; Shi, Wang, and Zhao 2017b; Woo et al. 2023; Park, Kim, and
Yun 2022; Ru, Qin, and Wang 2019; Jeon, Kim, and Kim 2024), paying insufficient attention
to the behavioral, cognitive, and normative processes that shape indoor exposure risk. This is
a critical oversight, particularly in LMICs like Bangladesh, where households are routinely



exposed to hazardous levels of indoor PM..s due to biomass fuel use, poor ventilation, and
entrenched cooking practices (Akteruzzaman et al. 2023; Susmita Dasgupta et al. 2006;
Yasmin et al. 2024). Yet, the few existing studies on indoor air pollution (IAP) in Bangladesh
are largely descriptive or policy-focused, rarely grounded in behavioral theory or informed by
models such as TPB. Constructs such as perceived control, environmental concern, and social
norms which are central to understanding behavioral intentions, remain underexplored in this
domain (S. Dasgupta, Hug, M. Khaliquzzaman, et al. 2006). Amid rising calls for more theory-
driven research on environmental health behavior (Liu et al., 2018; Pronello and Gaborieau,
2018; Shi et al., 2017a), there is an urgent need to better understand how psychosocial factors
relate to individual action, particularly in resource-limited and high-risk settings. Recognizing
this gap, this study applies an extended Theory of Planned Behavior model to assess the
behavioral intentions of urban residents in Bangladesh regarding indoor air pollution reduction.
The model builds upon the core TPB framework including attitudes, subjective norms, and
perceived behavioral control by integrating environmental knowledge, environmental concern,
and prior behavior. By quantifying the relative contribution of these constructs to behavioral
intention, the study offers a comprehensive analysis of the determinants of indoor air pollution
reduction behavior and provides empirical evidence to support the design of more effective,
scalable, and context-appropriate interventions.

2. TPB variables and hypothesis development

The theory of planned behavior (TPB) is a general activation theory that explains social
behavior, directing psychological determinants and intention and also acting as a domain of
pro-environmental behavior (PEB) (Cheng et al. 2022). In the context of behavioral intention
in reducing indoor air pollution in households, TPB constructs with three independent
determinants: attitudes (AT), subjective norm (SN), and perceived behavioral control (PBC)
and they vary with social and environmental context (Ajzen, 1991).

Environmental Knowledge (EK)

Environmental knowledge (EK) refers to an individual’s awareness and understanding of
environmental issues and their consequences (Ramsey and Rickson 1976). In the context of
daily life, EK includes familiarity with common environmental challenges, such as indoor air
pollution. Prior studies have demonstrated that EK significantly predicts pro-environmental
behavior and positively shapes environmental attitudes (Duan and Sheng 2018; Xie and Lu
2022). Moreover, higher environmental knowledge may contribute to the initial formation of
favourable environmental attitudes (Ramsey and Rickson 1976). Building on this theoretical
foundation, EK is included as an extended TPB construct to assess its relationship with both
attitude and behavioral intention. Accordingly, we propose our first two hypotheses (H1 and
H2).

H1: Environmental knowledge (EK) is positively related to attitude (AT) toward reducing
indoor air pollution
H2: Environmental knowledge (EK) is positively related to behavioral intention (BI) to reduce
indoor air pollution

Attitude (AT)

According to (Ajzen, 1991), attitude refers to the degree to which a person has a favourable or
unfavourable evaluation or appraisal of the behavior in question. In the context of this study,
attitude refers to an individual’s belief and behavioral intention of reducing indoor air pollution



levels. Previous studies have confirmed that favourable attitudes are expected to increase
willingness to engage in pollution-reducing behavior (Shi, Wang, and Zhao 2017a; 2017b).

H3: Attitude (AT) is positively related to behavioral intention (Bl) to reduce indoor air
pollution.

Subjective Norm (SN)

Subjective norms reflect the social pressure gained from significant people around them that
an individual feels when performing or refraining from certain behaviors (Finlay, Trafimow,
and Moroi 1999). The stronger the subjective norms perceived by the key influencers, like
family and close friends, the greater the individual will feel pressure to perform a specific
behavior (De Leeuw et al. 2015; Ru, Wang, and Yan 2018). In the study of Chang, (1998) the
relation between subjective norms and attitudes towards a specific behavior was significant and
explained by the influence of the social environment on an individual's attitude formation. In
the same way, expectations of surrounding people like family and friends concerning indoor
air pollution reductions may have some effects on household air pollution reduction activities
(Ajzen 1991). Thus, we can propose the hypothesis that:

H4: Subjective norm (SN) is positively related to attitude (AT) toward reducing indoor air
pollution.

Paul et al., (2016) found that subjective norms directly affect PBC. PBC reflects past
experiences and anticipated challenges, including the perspective of surrounding people
towards the behavior. Several past studies discussed modifying the effect of subjective norms
on PBC in different contexts, such as behavior against PM25s (Liu et al., 2018), organic food
purchasing(Al-Swidi and Saleh 2021), and healthy eating (Povey et al. 2000).Thus, it can be
hypothesized that:

H5: SN is positively related to PBC toward reducing indoor air pollution.

H6: SN is positively related to behavioral intention (BI) to reduce indoor air pollution.
Perceived Behavioral Control (PBC)

Perceived behavioral control (PBC) refers to an individual’s perceived ease or difficulty in
performing a specific behavior, reflecting both internal and external constraints (Ajzen, 1991;
Ajzen and Fisbbein, 1974). In the household context, PBC may relate to financial costs, time
availability, or access to resources for improving indoor air quality. A higher level of PBC has
been shown to predict stronger behavioral intentions in various environmental domains, such
as reducing PM..s exposure (Ru et al., 2019; Shi et al., 2017a), using public transport (Bamberg,
Hunecke, and Blébaum 2007), and engaging in protective health behaviors (Liu et al., 2018;
Woo et al., 2022). Following the factual evidence, our hypothesis no. 7 (H7) can be followed
as:

H7: PBC is positively related to behavioral intention (BI) to reduce indoor air pollution.

Environmental Concern (EC)

Environmental concern (EC), a sub-set of environmental attitudes, can be defined as the
emotional responses and attitudes toward environmental problems (Takacs-Santa 2007). The
Environmental Paradigm Scale (Dunlap and Van Liere 1978) and the Ecological Attitude Scale
(Maloney and Ward 1973) are the two most commonly used instruments for measuring EC. A
meta-analysis showed that EC has a positive relation with on both public and private pro-



environmental behavior (Lou and Li 2023). Studies also showed that the PM2s reduction
intention has a significant indirect-positive correlation with EC (Shi et al., 2017a, 2017b). So,
we developed the following hypothesis as

H8: EC is positively related to behavioral intention (BI) to reduce indoor air pollution.
Actual Behavior (AB)

Individuals' actual behavior demonstrates a strong positive correlation with their intentions
across various scenarios and aspects (Fishbein 1981; Manstead, Proffitt, and Smart 1983; Ajzen
and Fisbbein 1974). When a person identifies a behavior as beneficial and notices substantial
positive results from it, their future actions are more likely to be shaped by that behavior. Some
theorists (Bentler and Speckart 1979; Fredricks and Dossett 1983) suggest that prior behavior
was associated with subsequent actions. Studies found that reducing indoor smoking,
minimizing use of solid fuels for cooking, and ensuring proper ventilation can be effective in
reducing air pollution (Fakhri et al. 2024; Ferdous et al. 2022; Xia et al. 2024). Based on the
above discussion, we concluded our hypothesis 9 (H9) as:

H9: AB is positively related to behavioral intention (Bl) to reduce indoor air pollution.
Moderating effect of PBC components

According to Ajzen and Fisbbein (1974), the relative associations among attitude (AT),
subjective norm (SN), and perceived behavioral control (PBC)—the core constructs of the
Theory of Planned Behavior (TPB)—may vary depending on specific behaviors and contextual
factors. In general, previous studies have observed that more favourable perceptions of PBC
tend to correspond with stronger associations between AT, SN, and individuals’ behavioral
intentions (De Leeuw et al., 2015; Ru et al., 2019; Shi et al., 2017b). PBC is often informed by
individuals’ prior experiences and anticipated challenges, as well as by the perceived
expectations of others. While PBC is frequently found to be directly associated with behavioral
intention (BI), evidence also suggests that the strength of relationships between AT, SN, and
Bl may differ depending on the level of PBC. This implies that PBC may play a moderating
role, whereby variations in perceived control could shape how attitudinal and normative factors
relate to pro-environmental behavioral tendencies. Following this, our H10 and H11 can be:

H10: PBC positively moderates SN, which is associated with behavioral intention (BI) to
reduce indoor air pollution.

H11: PBC positively moderates AT which is associated with behavioral intention (BI) to
reduce indoor air pollution.
As a result, the conceptual framework of this study is illustrated in Figure 1.
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Figure 1 Conceptual framework of the study
3. Methods

3.1 Study area

The study was conducted in Bangladesh, a lower-middle-income country located in South Asia.
Administratively, Bangladesh is divided into eight divisions—Dhaka, Chattogram, Khulna,
Rajshahi, Sylhet, Barishal, Rangpur, and Mymensingh—comprising a total of 64 districts. The
country's population was approximately 169.83 million in 2022, with a population density of
1,119 people per square kilometre (Population and Housing Census 2022). The number of
households has increased significantly, reaching 41,010,051 in 2022. Urban districts such as
Dhaka, Savar, Narayanganj, Narsingdi, Gazipur, Chattogram, and Khulna are prominent
industrial and commercial hubs, and they experience high levels of air pollution. Dhaka, the
capital city, consistently ranks among the most polluted cities globally, with an average PM..s
concentration of 79.9 pg/mé—far exceeding the World Health Organization's recommended
limits (IQAir 2024). Moreover, rapid urbanization, coal-based fuel usage, poor ventilation
systems, and high population density further elevate the health risks in these areas (Hassan,
Bhuiyan, and Rahman 2023; Lipi and Hasan 2021; Siddiqui et al. 2020).

3.2 Sampling and data collection

This study employed a cross-sectional research design with a quantitative approach to examine
the behavioral intentions of urban residents in Bangladesh toward reducing indoor air pollution,
based on constructs from the extended Theory of Planned Behavior (TPB). The target
population included adults aged 18 and above from various regions such as Dhaka, Chattogram,
Khulna, Bogura, Rajshahi, Cox’s Bazar, and Gazipur. Data were collected through a self-
reported structured online questionnaire consisting of 35 items, translated into Bengali to
ensure comprehension, and distributed via social media platforms including Facebook
Messenger, WhatsApp, and LinkedIn using a convenience sampling method. Prior to the main
data collection, a pre-test was conducted among a small group of participants to identify any



limitations in the questionnaire and to evaluate its suitability. Based on the feedback, minor
revisions were made to the wording and structure of selected questions to improve clarity and
ensure cultural sensitivity. The full survey was administered between March and June 2024.
Using the Qualtrics online sample size calculator (Qualtrics 2023) and assuming a 95%
confidence level with a 5% margin of error, the minimum required sample size was calculated
to be 385. In total, 614 responses were received. After excluding duplicate entries and
submissions from households without kitchen facilities, 410 valid responses from urban
participants were retained for final analysis—surpassing the required sample size and
enhancing the statistical reliability of the study findings.

3.3 Ethical consideration

Following the principles stated in the “Declaration of Helsinki,” the questionnaire clearly
explained the purpose of the study, and participation was entirely voluntary. Informed consent
was obtained from all participants before beginning the survey. Participants were also informed
that they could opt out at any point without any consequences. No personally identifiable
information was collected, ensuring anonymity and confidentiality throughout the process.

3.4 Measurement instruments

The questionnaire used in this study was developed based on the proposed research framework
and organized into three main sections: demographic information, behavioral intention to
reduce indoor air pollution, and influencing factors derived from the Theory of Planned
Behavior (TPB) and its extended constructs. The dependent variable in this study was
behavioral intention (BI), measured through four items reflecting participants’ willingness to
engage in practices aimed at reducing indoor air pollutions. Independent variables included the
three core TPB constructs—attitude (AT), subjective norm (SN), and perceived behavioral
control (PBC)—as well as extended variables: environmental knowledge (EK), environmental
concern (EC), and actual behavior (AB). The demographic variables, including location,
residence type, sex, age, education, monthly income, occupation, kitchen location, cooking fuel
type, and ventilation system, were treated as covariates to explore their potential association
with BI. Except for the demographic and actual behavior sections, all constructs were measured
using a 5-point Likert scale ranging from “Strongly Disagree” to “Strongly Agree,” while AB
was assessed using a frequency scale from “Never” to “Always.” Items for TPB constructs
were adapted from validated scales used in prior studies to ensure conceptual alignment and
measurement reliability mentioned in Table 1.

Table 1 Measurement items

Constructs Item Questions Sources
no
Attitude (AT) 3 Participating in indoor air pollution reduction (Ajzen, 1991;
behavior for households improves air quality. Liuetal.,
2018; Shi et

| believe that using products (e.g. cooking fuel,
candles, kerosene, smoking, aerosols, cosmetic
products) that generate harmful air pollutants like
PM2.5 and PMyo is not good for human health.

If there is any alternative product (e.g. LPG as a
cooking fuel, electric mosquito repellent) that will
generate less pollutants, | will switch to that

al., 2017a)




alternative product even if it costs more.

Subjective norm 3 My family encourages me to participate in indoor air  (Kaiser and
(SN) pollution reduction behavior. Kibbe 2017;
My friends also encourage me to participate in indoor Weng et al.
air pollution reduction behavior. 2021)
People who are important to me (except my family
and friends) expect me to reduce activities that
increase indoor air pollution.
Perceived 4 | feel better that | can control the sources that (Ajzen, 1991;
Control Behavior generate indoor air pollution in households. Sarkodie et
(PBC) | feel financially capable of choosing less pollutant-  al., 2019; Shi
emitting products that encourage me to participate in  etal., 2017a;
indoor air pollution reduction behavior. Woo et al.,
| have enough time and opportunities to participate in  2022)
indoor air pollution reduction behavior.
It is entirely up to me if | want to participate in
indoor air pollution reduction behavior.
Environmental 3 Harmful pollutants in indoor like PM2s, PM1o, can be (Daniel et al.,
Knowledge (EK) generated from cooking fuel, candles, kerosene, 2020;
smoking, aerosols, cosmetic products, and burning Khalequzzam
mosquito-repellent incense. anetal.,
Air pollutants like PM2 s can easily penetrate into the  2010; Kurata
human body, affecting respiratory diseases, along etal., 2020;
with cardiovascular diseases. Wang et al.,
Indoor air pollutants (e.g., PM2s) can be responsible ~ 2018)
for respiratory infections, including pneumonia, lung
cancer, stroke and cardiovascular diseases, especially
in children and elderly residents.
Environmental 3 | am worried about indoor air pollution that may (Kaiser and
Concern (EC) occur in my house. Kibbe, 2017;
Indoor plants can be beneficial in reducing indoor air  Park et al.,
pollution. 2022; Weng
| believe that better awareness and responsibility can et al., 2021)
lead to sustainable environmental practice and
behavior.
Actual Behavior 5 I have not smoked inside my house for the last two (Ajzen, 1991;

(AB)

years.

In the past two years, | avoided or altered harmful
cosmetic products (e.g. hair dryer, hair spray, nail
polish) or cleaning products (e.g. shoe products,
carpet cleaners, fabric softener) that are likely to emit
more harmful emissions like PM2sand PMyo.

In the past two years, | have tried to reduce my
cooking time as it increases the exposure to indoor air
pollutants.

| encourage my friends and family to participate in
indoor air pollution reduction behavior.

Liuetal.,
2018)




In the past two years, | switched to or installed a
proper ventilation system in my house that can
reduce indoor air pollution.

Behavioral 4 | intend to participate in activities that are likely to (Liu etal.,
Intention (BI) generate fewer emissions to the indoor environment ~ 2018; Ru et
| advise my friends and family to take precautionary  al., 2019)
steps to reduce indoor air pollution.
| use less harmful cooking fuel in less time, even if it
costs much more.
| plan to use an air purifier and indoor plants to
improve the air quality of my house.

3.5 Data analysis

The survey responses were first cleaned and coded in Excel, and then imported into R to
perform descriptive statistics to summarize demographic and construct-level variables.
Normality of data was tested using the Shapiro-Wilk test. Given the ordinal nature of most
variables and the observed non-normality, Spearman’s rank correlation was used to examine
associations among variables.

To evaluate the hypothesized relationships, Structural Equation Modelling (SEM) was applied,
which enables the simultaneous assessment of multiple direct and indirect effects between
latent and observed variables. SEM is preferred in this context as it accounts for measurement
error, models latent constructs with multiple observed indicators, and accommodates mediation
pathways. It also offers robust solutions to potential endogeneity issues and allows assessment
of both direct and indirect (mediated) relationships in a single comprehensive model (Wang et
al. 2022; Cao and Yang 2017). In this study, SEM was used to test both the measurement and
structural models of the extended TPB framework, including the core TPB variables (Attitude,
Subjective Norm, Perceived Behavioral Control) and extended constructs (Environmental
Knowledge, Environmental Concern, and Actual Behavior) predicting Behavioral Intention

(BI).

Prior to SEM, multicollinearity was assessed through the Variance Inflation Factor (VIF), with
all variables reporting values below the accepted threshold of 5, indicating no multicollinearity
concerns. Confirmatory Factor Analysis (CFA) was performed to evaluate the reliability and
validity of the latent constructs. Factor loadings (FL), Composite Reliability (CR), Average
Variance Extracted (AVE), and Cronbach’s Alpha (o) were computed. A factor loading
threshold of >0.5 (Fornell and Larcker 1981a), CR >0.70, AVE >0.50, and a >0.70 were used
to confirm internal consistency, convergent validity, and construct reliability (Cheung et al.
2023; Zahedi, Batista-Foguet, and van Wunnik 2019).

SEM was then performed using the lavaan package in R to test the hypothesized relationships
within the extended TPB framework. Model fit was evaluated using multiple goodness-of-fit
indices: Comparative Fit Index (CFI > 0.90), Tucker-Lewis Index (TLI > 0.90), Root Mean
Square Error of Approximation (RMSEA < 0.08), and Standardized Root Mean Square
Residual (SRMR <0.08) (Hair et al. 2010). Discriminant validity was tested using Fornell and
Larcker’s criterion, ensuring that the square root of each construct’s AVE was greater than its
inter-construct correlations. Paths were considered statistically significant at p < 0.05. All valid
responses were analysed using R (version 4.3.1) lavaan package for comprehensive statistical
analysis.
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4. Results
4.1. Characteristics of the respondents

More than half were male (53%), and the majority were aged 18-29 years (88%). Most
participants had at least an undergraduate-level education (63%). Students made up the
dominant occupational group (70%). Monthly household income varied, with most earning
between 20,000-40,000 BDT (30%) or above 40,000 BDT (27%). The majority of respondents
reported having a kitchen inside the house (90%) and with adequate air circulation (88%). The
most commonly used cooking fuels were LPG (51%) and natural gas (44%). Table 2
summarizes the characteristics of the respondents.

Table 2 Characteristics of the respondents (n = 410)

Variable Categories Frequency (n)  Percentage (%0)
Gender Male 217 52.93
Female 193 47.07
Age 18-29 362 88.3
30-39 30 7.32
40-49 13 3.17
50-59 5 1.22
above 60 0 0
Education No formal education 3 0.73
Below college 13 3.17
College 69 16.83
Undergraduate 259 63.17
Post Graduate or above 66 16.1
Prefer not to say 0 0
Occupation Unemployed 37 9.03
Student 287 70
Employed 67 16.4
Housewife 19 4.6
Income Below 10000 84 20.49
10000-20000 94 22.93
20000-40000 121 29.51
Above 40000 111 27.07
Kitchen Location Inside the house 368 89.76
Outside the house 42 10.24
Kitchen air circulation Yes 362 88.29
Facility No 48 11.71
Kitchen Fuel Natural gas 179 43.66
LPG 208 50.73
Biomass 5 1.22
Kerosine 2 0.49
Koyla 0 0
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Charcoal 0 0

Wood 48 11.71
Garbage 10 2.44
Electrical tools 85 20.73
Not applicable 3 0.73

4.2. Measurement model

All constructs demonstrated satisfactory reliability, with Cronbach’s alpha values ranging from
0.78 to 0.90, exceeding the recommended threshold of 0.70. Composite reliability values also
met the acceptable standard, ranging from 0.72 to 0.90, confirming strong internal consistency
across all constructs. Convergent validity was assessed using standardized factor loadings and
Average Variance Extracted (AVE). All item loadings ranged from 0.66 to 0.93, surpassing the
minimum loading requirement of 0.50, indicating strong indicator reliability. The AVE values
ranged from 0.46 to 0.75. Although the AVE for the construct “Attitude” fell slightly below
the 0.50 thresholds (0.462), its composite reliability was above 0.70, suggesting that convergent
validity remained acceptable (Fornell and Larcker 1981b). Discriminant validity was evaluated
using the Fornell-Larcker criterion. The square root of the AVE for each latent construct was
greater than its correlations with other constructs, indicating that the constructs were
empirically distinct and supporting discriminant validity (Paulraj, Lado, and Chen 2008). The
result of the confirmatory factor analysis and discriminant validity is summarized in Table 3.
Fit indices for the measurement model further supported the adequacy of the model: ¥* =
741.39, RMSEA = 0.077 (< 0.08), CFI = 0.904 (> 0.90), TLI = 0.887 (> 0.90), and SRMR =
0.060 (< 0.08).
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Table 3 Results of the confirmatory factor analysis and discriminant validity

Confirmatory factor analysis

Discriminant validity

Constructs Mean SD! Standardized Cronbach's Composite AVE? EK3 AT4 SN° PBC® EC’ AB® BI°
loading alpha Reliability
EK EK1 395 098 0.81 0.84 0.90 0.75 0.87
EK2 419 1.00 0.93
EK3 405 1.03 0.86
AT ATl 358 095 0.59 0.82 0.72 0.46 0.57 0.68
AT2 402 088 0.79
AT3 370 100 0.66
SN SN1 368 096 0.79 0.83 0.83 0.63 0.33 0.48 0.79
SN2 337 1.03 0.78
SN3 354 1.01 0.80
PBC PBC1 4.01 097 0.82 0.81 0.81 0.53 0.45 056 057 0.73
PBC2 363 1.02 0.76
PBC3 351 1.03 0.69
PBC4 382 1.03 0.65
EC EC1 379 098 0.69 0.83 0.82 0.60 0.45 043 035 0.52 0.78
EC2 399 092 0.76
EC3 419 0.88 0.89
AB AB3 324 136 0.67 0.78 0.78 0.54 0.12 0.12 040 0.29 0.16 0.74
AB4 355 137 0.84
AB5 363 134 0.69
Bl BIl 405 096 0.81 0.82 0.87 0.63 0.41 041 049 0.61 0.60 030 0.79
BI2 3.85 0.97 0.85
BI3 3.72 1.05 0.80
Bl4 3.80 1.02 071

1 SD= Standard Deviation

2 AVE= Average Variance Extracted

3 EK= Environmental Knowledge

4 AT = Attitude
5 SN= Subjective Norm

6 PBC= Perceived Behavioral Control

7 EC= Environmental Concern

8 AB= Actual Behavior

9 Bl= Behavioral Intention
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4.3. Hypothesis testing

To examine the hypothesized relationships among the constructs, the structural model was
tested using Structural Equation Modelling (SEM). The results are presented in Table 4 and
Figure 2. Several hypothesized paths were found to be statistically significant, offering
empirical support for our conceptual framework. Consistent with H1, environmental
knowledge (EK) demonstrated a significant positive association with attitude (AT) (B =0.787,
p <0.001), indicating that individuals with greater environmental awareness tend to hold more
favourable attitudes toward reducing indoor air pollution. However, the direct path from EK to
behavioral intention (BI) was not statistically significant (f =-0.125, p = 0.345), leading to the
rejection of H2. The third hypothesis (H3) was supported, as AT showed a strong positive
effect on BI (B =0.836, p <0.001), suggesting that individuals with positive attitudes are more
likely to form BI to reduce indoor air pollution. In contrast, H4 was not supported, as SN did
not significantly relate to AT (p = -0.080, p = 0.545). However, SN had a strong positive
relation with PBC (B = 0.803, p < 0.001), supporting H5, and also directly related to BI (B =
0.430, p < 0.001), supporting H6. Further, PBC was significantly associated with BI (B =
0.334, p =0.004), validating H7 and emphasizing the importance of individuals’ confidence in
their ability to perform pollution-reducing actions. As expected, EC is also positively related
to BI (B = 0.661, p < 0.001), offering strong support for H8 and suggesting that individuals
with higher concern for the environment are more inclined to adopt pro-environmental
behavior. Finally, H9 was supported, as AB showed a significant and strong association with
BI (p =0.832, p < 0.001), implying that higher behavioral intention is reflected in real-world
action.

Table 4 Hypothesis testing by Structural Equation Modelling (SEM)

Path  Relationship Estimate f Standard tvalue P- Supported
Error value (if p <0.05)

H1 EK~ AT 0.563 0.787 0.071 7.939 0.000 Yes

H2 EK~ BI -0.120 -0.125 0.128 -0.943 0.345 No

H3 AT~ BI 0.810 0.836 0.074 10.963 0.000 Yes

H4 SN~ AT -0.080 -0.080 0.133 -0.605 0.545 No

H5  SN~PBC 0.690 0.803 0.066 10.541 0.000 Yes

H6 SN~ BI 0.498 0.430 0.077 6.494 0.000 Yes

H7 PBC~ BI 0.451 0.334 0.155 2.903 0.004  Yes

H8 EC~ BI 0.659 0.661 0.130 5.072 0.000 Yes

H9 AB~ Bl 1.162 0.832 0.231 5025 0.000 Yes
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Figure 2 Path diagram of the SEM used in the main analysis

4.4. Moderating effect testing

Given the rejection of H4 in SEM, which hypothesized a direct relationship between subjective
norm (SN) and attitude (AT), we further investigated whether PBC moderated key relationships
within the TPB framework. Specifically, we examined the moderating effect of PBC on (i) the
relationship between AT and BI, and (ii) the relationship between SN and Bl. Moderation was
tested using the product-indicator approach (Chin et al., 2003; Shi et al., 2017a), wherein all
relevant variables were standardized prior to interaction term computation. To further examine
the moderation effect, we categorized PBC into two groups representing high and low PBC.
We plotted the regression lines separately to understand the relationship between AT and SN
on Bl under two different graphs (Figure 3 & 4).

The first moderation model examined whether PBC was associated with variation in the
relationship between AT and BI. The interaction term (AT x PBC) was statistically significant
(B = —-0.386, p = 0.0445), suggesting that PBC may moderate the strength of the association
between AT and BI (Table 5). The model accounted for 25.54% of the variance in Bl (R =
0.2554), with a residual standard error (RSE) of 0.8661. As illustrated in Figure 3, under lower
levels of PBC (blue line), the relationship between AT and BI appeared stronger. In contrast,
at higher levels of PBC (red line), the association between AT and Bl was less pronounced.

Table 5 Moderation effect analysis of PBC on AT and BI relationship

Estimate Std. error T value Pr (> |t))
Intercept 0.50056 0.06826 7.333 0.001***
AT -0.3118 0.14359 -2.172 0.03
PBC -0.50146 0.12164 -4.123 0.001***
AT: PBC -0.3857 0.19135 -2.016 0.0445*

Residual Std. Error (RSE) = 0.8661, Degree of freedom = 406; Multiple R>=0.2554
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Figure 3 The moderating effect of PBC on AT and Bl relationship

The second model explored whether PBC was associated with variation in the relationship
between SN and BI. The interaction term between SN and PBC was statistically significant (3
= -0.437, p = 0.0212), suggesting that PBC may moderate this association (Table 6). This
model explained approximately 25.86% of the variance in Bl (R2 = 0.2586), with a residual
standard error (RSE) of 0.8642. The interaction plot (Figure 4) further illustrates this pattern.
When PBC was lower (orange line), the relationship between SN and Bl appeared stronger.
Conversely, under conditions of higher PBC (blue line), the association between SN and Bl
appeared weaker.

Table 6 Moderation effect analysis of PBC on SN and BI relationship

Estimate Std. error t value Pr (> [t
(Intercept) 0.501 0.068 7.271 0.001***
SN -0.291 0.139 -2.09 0.0372*
PBC -0.472 0.123 -3.821 0.001***
SN: PBC -0.436 0.188 -2.314 0.021*

Residual Std. Error (RSE) = 0.8642, Degree of freedom = 406; Multiple R?= 0.2586
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Figure 4 The moderating effect of PBC on SN and Bl relationship

5. Discussion

This study examined the determinants of households’ behavioral intentions (BI) to mitigate
indoor air pollution, employing an extended Theory of Planned Behavior (TPB) framework.
Specifically, we assessed the association of Attitude (AT), Perceived Behavioral Control
(PBC), Subjective Norm (SN), Environmental Concern (EC), Environmental Knowledge (EK),
and Actual Behavior (AB) with BI. While much of the existing literature focuses on ambient
or outdoor air pollution, this study contributes to the relatively underexplored domain of
household-level indoor air pollution and the psychosocial drivers of behavioral change. Our
results demonstrated a significant positive relation of AT, SN, PBC, EC, and AB with BI,
whereas PBC moderated the effects of AT and SN on BI. Structural Equation Modelling (SEM)
and Confirmatory Factor Analysis (CFA) confirmed the robustness and excellent fit of the
extended TPB framework with our data. The study offers valuable theoretical insights and
practical policy implications to design targeted interventions that promote sustainable indoor
air pollution reduction behaviors among urban residents.

5.1. Evaluation of the main findings

Our empirical study verified that individuals’ attitude (AT) has a significantly positive
association with behavioral intentions to participate in reducing indoor air pollution. Similar
findings from previous studies also confirm the positive role of AT in individuals’ behavior
towards pollution reduction (Park et al., 2022; Ru et al., 2019; Shi et al., 2017a). Although AT
is the strongest factor among all TPB elements in explaining individuals’ behavioral intentions
(Shi et al., 2017a) our study suggests that environmental knowledge (EK) is positively related
to individuals’ AT towards pro-environmental behavior in reducing indoor air pollution. A
study in Italy suggests that individuals who possess more knowledge often make more
informed consumer decisions, like they are more likely to purchase plants that help to enhance
air quality, pay more attention to the particular features of items instead of depending on
habitual decisions (Venuto et al. 2024). However, the mean EK score (M = 4.06) and mean AT
score (M = 3.77) suggest that even if people have a moderate to higher level of knowledge, it
does not reflect the same as their attitudes towards pollution reduction. Thus, along with
individuals’ increased knowledge of the direct effects of indoor air pollution exposure,
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government and policymakers must create scope and provide incentives to overcome the
knowledge-practice gap in pro-environmental behaviors towards indoor air pollution.

Our study found that subjective norms (SN) were positively related to individuals' intention to
engage in indoor pollution reduction behavior. This finding aligns with previous research that
emphasizes the role of SN in shaping environmental behaviors (Blok et al., 2015; Ru et al.,
2019; Shi et al., 2017b). Further, the mean score of SN (M = 3.51) suggests that individuals
perceive a moderate level of social support for these behaviors, reinforcing the idea that social
norms may associate with individuals to engage in pro-environmental actions (Gifford and
Nilsson 2014). Moreover, our study found a positive relationship between SN and Perceived
Behavioral Control (PBC), indicating that social support and encouragement from family,
friends or important people, when combined with a sense of control over one’s actions,
significantly enhance the likelihood of engaging in behaviors aimed at reducing air pollution.
This aligns with earlier studies that emphasize the importance of both social influence and
perceived behavior control in motivating pro-environmental behaviors (Ru et al., 2019). In
Bangladesh, where social and community ties are strong, individuals often look to family
members, community leaders, and religious figures when making decisions about
environmental actions (Azad et al. 2019). Therefore, government interventions should focus
on leveraging community-based programs and policy initiatives that reinforce positive social
norms. Awareness campaigns led by local leaders, religious institutions, and media can amplify
the visibility of sustainable behaviors, making them more socially desirable (Shi et al., 2017a).

Our findings found that perceived behavioral control (PBC) was positively related to
individuals' intention to participate in reducing household air pollution. This is consistent with
previous studies, which suggest that those with greater control over their actions are more likely
to adopt pollution-mitigating behaviors, such as using cleaner cooking fuels or improving
ventilation (Wyss, Knoch, and Berger 2022; Carlsten et al. 2020). Interventions that increase
perceived ease of using air pollution control measures have also led to higher adoption rates
(Shi et al., 2017a; Woo et al., 2022, 2023). However, as indicated by the mean PBC score (M
= 3.74), many individuals face constraints such as financial limitations, lack of resources, and
insufficient knowledge, which hinder their ability to adopt sustainable behaviors. Given the
altruistic nature of indoor air pollution reduction, government interventions are crucial in
enhancing PBC. Policies should focus on infrastructure improvements, financial incentives,
and awareness campaigns to empower individuals with more control over their environmental
actions. For example, subsidized access to clean cooking technologies and community-based
interventions could make sustainable behaviors more accessible (Kumar and Igdalsky 2019).
Policymakers could leverage social norms by promoting collective action and community
engagement programs to strengthen perceived control and support a culture of sustainability.

In our study, environmental concern (EC) was positively related to the individuals' behavioral
intentions to participate in reducing indoor air pollution. Consistent with previous studies
(Saphores, Ogunseitan, and Shapiro 2012; Chen and Tung 2014). Individuals with higher levels
of environmental concern demonstrated greater motivation to engage in indoor air pollution
reduction behaviors. However, the mean EC score (M = 3.99) suggests that while individuals
express moderate to high concern about the environment, this concern does not always translate
into actual behavior. Barriers such as cost, time, and the perceived effectiveness of individual
actions can significantly reduce the likelihood of engagement in environmentally friendly
behaviors (Kollmuss and Agyeman 2002; Dioba et al. 2024). The findings suggest that raising
environmental concern alone is insufficient for ensuring pro-environmental actions. The
government and policymakers must provide supportive infrastructure and incentives to
facilitate such behaviors. For example, awareness campaigns and educational programs that
promote the health impacts of indoor air pollutants could help to strengthen the risk perception
associated with air pollution. Public information about the direct consequences of exposure to
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indoor air pollutants, coupled with strategies to overcome behavioral barriers, could enhance
both motivation and action (Ramirez et al. 2019).

Actual behavior (AB) was positively related to individuals' engagement in indoor air pollution
reduction behavior. Several previous studies have also confirmed that past behavior may be
associated with the individuals' environmentally responsible behavioral intentions (Knussen et
al. 2004; Hu et al. 2019). This indicates that individuals with a history of engaging in pollution-
reducing actions are more likely to continue such behaviors in the future. However, the
moderate levels of actual behavior observed (M = 3.47) indicate that, while individuals
acknowledge the importance of indoor air pollution reduction—such as reducing indoor
pollution sources, improving ventilation, and using air purification technologies—financial
constraints, limited access to cleaner technologies, and perceived inconvenience often limit
their ability to take action (Kollmuss and Agyeman 2002; Dioba et al. 2024). The government
should implement targeted interventions such as financial subsidies for clean energy solutions,
public awareness campaigns on indoor air pollution risks, and stricter indoor air quality
regulations while also providing incentives for households to adopt cleaner cooking fuels,
improve ventilation, and integrate air filtration technologies. Moreover, embedding air
pollution education into public health programs and promoting community-led initiatives can
further encourage individuals to adopt and sustain pollution-reducing behaviors. As individuals
gain more experience with such actions, their willingness to engage in sustainable indoor air
practices will increase, fostering long-term behavioral change.

Our moderation effect findings emphasize the important roles of PBC on AT and SN in forming
behavioral intentions. It shows that PBC serves not only as a direct predictor of Bl but also
enhances or diminishes the relation of other predictors like AT and SN. For instance, we found
a significant positive moderation effect of PBC on AT. It indicates that when PBC was low,
the impact of AT on Bl weakened (e.g., intention to reduce the use of harmful products that
generate pollutants or prohibit smoking indoors or intention to use an improved air purifier or
ventilation system). It suggests that individuals with fewer barriers feel more capable of acting
on their attitudes to reduce indoor air pollution. The strong negative moderation of SN and
PBC shows that SN's relation with Bl decreases with higher PBC. Aligning with previous
studies, it indicates that individuals with higher perceived control over their actions are less
associated with the societal expectations while engaging in indoor pollution reduction
behaviors. Similarly, when the PBC is low, individuals rely more on SN, implying seeking for
social support or peer behavior to play a compensatory role in guiding their behavioral
intention. Aligning with our findings, previous also suggest that PBC has a significant impact
on both AT and SN, which in turn moderates Bl (Ru et al., 2019; Shi et al., 2017a). Moreover,
in urban Bangladesh, our study reveals that individuals with lower perceptions of control may
struggle to translate their positive attitudes into intentions when they face barriers like
economic or infrastructural. This finding aligns with previous research highlighting the crucial
role of PBC in connecting AT, and BI (Pan et al. 2023; Liu et al. 2018a; Shi, Fan, and Zhao
2017). Furthermore, earlier studies suggest that efforts to enhance PBC—such as, providing
essential resources like cleaner technologies and skills training, raising public awareness and
reducing perceived external barriers—may reduce social pressure which can later strengthen
sustainable behavioral intention to reduce indoor air pollution (Adewoyin, Wesson, and Vogts
2024).

5.2. Implications of the study

Previous relevant research works highlight a significant opportunity for mitigating indoor air
pollution by focusing on household practices and behaviors (Kureshi et al. 2023; McCarron et
al. 2022). Based on our findings, our study carries out scientific evidence by discussing the
behavioral intention of indoor air pollution in urban cities of Bangladesh. With the help of the
extended theory of planned behavior (TPB). Our study offers novel and detailed insights into
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how certain context shapes urban individuals' intention to reduce indoor air pollution.
Particularly, our analysis highlights the importance of educating and empowering individuals
with knowledge. It can contribute to understanding effective, tailored behavioral solutions for
an LMIC like Bangladesh, where structural and technological barriers persist very strongly. As
a result, we recommend focusing on the need for targeted public awareness and behavior-based
intervention for policymakers to promote meaningful change in the future. Effective education
and knowledge are also important to implement effective strategies for cleaner air and a
healthier environment to reduce indoor air pollution. In terms of practical strategies and
recommendations, we propose initiatives like transferring to cleaner fuels, improving
ventilation systems, educating primary caregivers and eliminating indoor smoking to
encourage households to adopt healthier practices, ultimately contributing to improved indoor
air quality. Our findings may also enhance behavior-oriented policy formulation by pinpointing
intervention strategies, such as community-driven campaigns that utilize social norms to
encourage the adoption of cleaner cooking technologies (e.g., biogas or electric stoves) and
improved ventilation practices, as evidenced in comparable low-income urban settings (Clark
et al. 2013; Jeuland, Tan Soo, and Shindell 2018). The findings support the incorporation of
behavioral insights into infrastructure policies for sustainable urban planning, including
subsidized housing with enhanced ventilation systems and decentralized renewable energy
grids to promote equitable development objectives (Ezzati and Kammen 2002; Puzzolo et al.
2016).

5.3. Limitations of the study

We understand the necessity to recognize the limitations of our current research, along with the
potential opportunities for future investigations. Firstly, our study was a cross-sectional study,
meaning our data collection took place at a certain time only. This design limits our ability to
assess how the relationships observed among the participants may evolve or change over time.
For a better and more comprehensive understanding, a longitudinal study will be more helpful
in validating the stability of this relationship with time. Secondly, our survey was conducted
online, so, there is a potential risk of technological and self-reporting bias. Thirdly, we did not
focus on any particular age group or gender group, which may provide interesting findings in
the future. Consequently, by concentrating on particular demographic segments, such as
children, adolescents, or older adults, there might be some distinct patterns and insights that
we have not included in our research. Future studies that address these age and gender-related
differences, focusing on factors like types of Kkitchen ventilation, level of environmental
education, subjective norm, past behavior, and perceived health risk, could provide valuable
information and enhance our understanding of the topic at hand to make better policy
implications in the future.

6. Conclusion

Our study investigated the determinants of indoor air pollution reduction behaviors among
urban residents in Bangladesh using an extended TPB model. Specifically, our empirical study
demonstrates that AT, SN, PBC, EC, and AB are directly related to behavioral intentions to
reduce household air pollution following the SEM analysis. Further, PBC moderates the
relation of AT and SN on behavioral intention, highlighting the significant role of self-efficacy
in empowering individuals to adopt pro-environmental actions regardless of social pressures
or attitudes. It indicates that some may feel or possess a positive attitude and strong social
support with subjective norms, yet they feel incapable due to low perceived control. Alongside
the direct relations, these moderating effects are particularly noteworthy as they may contribute
to the pro-environmental behavior of individuals’ intention to reduce indoor air pollution. At
the individual level, we propose initiatives to discourage indoor smoking and promote
alternatives to mosquito repellents and burning candles, such as using low-cost lighting and
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electric devices. Beyond these alternatives, we must also be well informed about specific
pollutants to ensure our safety. Finally, it is important to pay attention to all determinants while
formulating policies. In this context, the government can take the initiative to include
behavioral determinants in public health programs and education, which will encourage
community involvement by implementing effective environmental education and awareness
programs. Moreover, practical solutions, financial subsidies for clean energy, and awareness
campaigns promoting sustainable behaviors are essential for improving indoor air quality,
alongside incentives for cleaner cooking fuels, better ventilation, and air filtration technologies.
Moreover, with Bangladesh's alarming rise in indoor air pollution, this study can inform policy
implications and provide recommendations based on our empirical findings to foster pro-
environmental behavior in Bangladesh.
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