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Abstract: The circular economy (CE), a sustainability concept that promotes resource efficiency and
waste reduction, has garnered significant popularity in recent years due to its potential to address
pressing environmental and economic challenges. This study applies the Bayesian Mindsponge
Mindspongeconomics (BMM) framework/analytic method, based on the Bayesian Mindsponge
Framework (BMF), to the factors influencing young adults’ pro-environmental behavior and their
purchases of green products at different price levels. The findings indicate that young adults who are
knowledgeable about the CE and who value environmental protection and energy conservation are
more likely to engage in waste sorting, while the factors that affect their willingness to pay (WTP)
more for green and energy-saving products vary at different price tiers. This study demonstrates
that knowledge of the CE, daily waste sorting habits, and environmental concern positively impact
young adults’ WTP for products that are priced 5%, 10%, and 15% higher, respectively. Furthermore,
this study also highlights the potential of educational programs and cultural influences in nurturing
a generation that prioritizes environmental value. This research integrates multidisciplinary per-
spectives and offers practical implications for policymakers, educators, and businesses seeking to
promote green literacy and foster an environmental culture among the youth, contributing to the
broader goals of green transformation and sustainable development associated with the CE and the
green economy, especially in the urban areas of emerging countries and beyond.

Keywords: circular economy; environmental culture; green literacy; sustainable behavior; BMM; Vietnam

1. Introduction

Environmental and ecological challenges have become significant issues of concern
worldwide. Despite an increasing awareness among individuals about the impact of
resource consumption on the environment, future projections remain dismal. According to
the United Nations (2023) [1], by 2050, the level of human resource consumption is projected
to reach a point where it would require three Earths to sustain the current population. This
overconsumption of resources has far-reaching consequences for the environment, as well as
significant economic and social implications, including the exacerbation of socioeconomic
disparities and a rise in poverty levels [2,3]. These factors collectively emphasize the
urgent necessity for a transition towards environmentally friendly economic growth and
sustainable methodologies. Consequently, the notion of a CE has garnered considerable
interest in recent times.
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Adopting the framework of a CE is a good way to balance economic growth with
protecting the environment and making the best use of resources, especially now that
resources are limited and people are more worried about the environment [4]. The design
of products and systems for durability and multiple lifecycles, the advancement of recycling
and reuse, and the minimization of resource wastage and emissions are just a few of the
key characteristics that set this CE model apart [5]. It emphasizes the value of materials
and resources in a continuous loop, challenging the conventional “take–make–dispose”
approach. Its objective is to construct a sustainable and eco-friendly economic system that
generates lasting value for both humanity and the planet.

In response to pressing environmental issues, Vietnam is presently undergoing the
shift from a linear economy to a CE. This transition involves the adoption of many novel
business models that leverage scientific advancements and technological applications [6].
Vietnam has implemented policies that prioritize sustainable economic development, envi-
ronmental protection, climate change adaptation, and enhanced investment quality and
efficiency, as well as other high-quality projects [7]. In 2022, the Deputy Prime Minis-
ter of Vietnam signed Decision 687 approving a circular economy development plan in
Vietnam, setting specific goals for a reduction in GHG emissions, sustainable production
and consumption, improved waste management, and so on [8]. A great number of such
circular orientations mainly target cities, leading to various CE initiatives and policies that
require urban residents to alter their behavior [9]. In 2020, the Vietnamese government
introduced a new environmental law, which comes into effect on 1 January 2022, mandating
households to classify their waste [10]. This marks a significant step towards sustainable
waste management practices. Under this law, households are now required to segregate
their waste into different categories. By encouraging individuals to take responsibility for
their waste, the law promotes environmental awareness and encourages the adoption of
eco-friendly habits. However, this regulatory effort has received little attention and has
met with humble results [11]. By adopting a CE paradigm, Vietnam can hopefully turn this
environmental challenge into an opportunity for innovation, economic advancement, and
sustainable resource management, similar to the European Union’s CE Action Plan [12].

The shift to a CE would be hard to achieve without people’s participation, particularly
the younger generations who hold a pivotal role in shaping this transition. Through their
creative thinking and environmentally conscious actions, young people are leading the
charge in accelerating the shift to a CE [13,14]. By the year 2025, it is anticipated that the
individuals belonging to the millennial generation will constitute around 75% of the global
labor force [15]. Their notable attributes of adaptability and digital literacy make them
instrumental in reshaping consumption patterns [16]. This explains why youth leadership
is of great importance, and youth-led initiatives and startups are emerging as key players
in CE ecosystems [17]. As such, understanding the factors influencing the participation
intention of young individuals is essential for harnessing their potential as the drivers of
sustainable economic practices. This study aims to address this gap by delving into what
drives pro-environmental practice and the willingness to pay (WTP) for green products
among the youth through the lens of an environmental culture. These research findings are
expected to offer insights into the green literacy and environmental consciousness of young
adults in Vietnam in general and in urban settings in particular and to act as a source of
reference for policymakers to build a more resilient and eco-conscious society.

The rest of this paper is structured as follows: Sections 2 and 3 provide the literature
review and conceptual framework, respectively. Section 4 describes the processes for the
data gathering and analysis. Sections 5 and 6 present the findings from the Bayesian
estimates and the discussions, respectively. Section 7 includes the conclusions and pol-
icy implications.

2. Literature Review and Hypotheses

The notion of the CE has arisen as a viable alternative to the conventional linear
economy, characterized by a “take–make–waste” approach [5,18]. Over the past decade,
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researchers have conducted various studies to gain insights into the notion of the CE
and its value in terms of financial and environmental aspects. Nevertheless, the scientific
community has yet to achieve a consensus regarding the terminology associated with
the CE [19]. It is widely acknowledged that the notion of the CE is an evolving subject,
transitioning from its conceptualization to empirical testing. In fact, it is not a theoretical
concept but a practical reality that is being implemented by various actors and sectors
around the world. For example, the CE model suggested by the European Parliament [20]
covers a series of seven primary stages, beginning with the utilization of raw resources
and finishing with waste treatment (see Figure 1). In this model of a CE, the raw materials
are produced using a sustainable design, so that the products are more sustainable and
environmentally friendly. Afterwards, these products are distributed to and consumed
by customers. Presently, the cost of these commodities tends to exceed that of products
manufactured using conventional techniques, thereby impeding consumers’ purchasing
and use intentions. According to Dardanoni and Guerriero (2021), Franzen and Vogl (2013),
and Laroche et al. (2001) [21–23], those who are highly concerned about environmental
protection have a higher likelihood of purchasing them despite the higher prices. These
people can enhance their engagement in the field of a CE by actively participating in
the practices of product reuse and repair, thereby prolonging the lifespan of these items.
However, there will be times when products become waste and need to be collected. Unlike
the traditional linear economy, the collection process in the CE usually involves the process
of waste classification and treatment at home, which helps to facilitate waste management
with the goal of reducing residual waste to a minimum [24]. Accordingly, it is evident that
consumers have a crucial impact in the context of a CE, especially during the consumption
and collection stages. This is evident through their inclination to pay a premium for
environmentally friendly and energy-efficient products, as well as their engagement in
waste segregation practices inside their households.
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Recognizing the CE as an innovative approach to tackle resource scarcity, increased
carbon emissions, and waste generation, many countries have introduced specific laws
to support the transition from traditional production methods to a circular model. This
transition emphasizes the promotion of material circularity through the principles of reuse
and recycling [25,26]. For example, in 2015, the EU gave its consent to a plan of action
aimed at implementing the Circular Economy (CE) across its member nations [27], followed
by the introduction of a CE monitoring framework [16] and a plastics strategy in 2018 [28].
In Vietnam, the government has demonstrated a commitment to embracing the principles
of a CE through a range of initiatives [29,30], such as plastic waste reduction measures,
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the establishment of CE hubs, the promotion of sustainable agriculture practices, and the
enforcement of regulations for e-waste management [31,32]. Vietnam’s commitment to
tackling environmental issues, promoting sustainability, and driving economic growth
in line with the principles of a CE is evident through its collaborative partnerships with
international organizations and its support for environmentally focused enterprises and
institutions [33,34]. The adoption of a CE model is deemed as the logical next step towards
achieving sustainable development in Vietnam [35,36].

With a view to achieving a circular economy, an environmental culture plays a vital
role in that it shapes individuals’ attitudes, behaviors, and practices towards resource use,
waste management, and sustainable consumption [37,38]. A circular economy requires
a shift in both mindset and behavior, which can be fostered through an environmental
culture by promoting a deeper understanding of the environmental impacts of linear con-
sumption patterns and the benefits of circular practices and by encouraging individuals to
prioritize sustainable consumption and adopt recycling and waste reduction practices [39].
Furthermore, an environmental culture fosters a sense of shared responsibility, encour-
ages collaboration among stakeholders, and promotes the development and adoption
of innovative circular solutions, which are critical to the success of achieving a CE [40].
Thus, understanding the components and impact of an environmental culture can in-
form strategies to foster a culture that supports and accelerates the transition towards a
circular economy.

Green literacy, which refers to the knowledge and understanding of environmental
issues, sustainable practices, and the impact of human activities on the planet, is a key
component of empowering individuals to make informed decisions and to take actions
that contribute to an environmental culture and a CE [41,42]. However, another important
aspect that requires more attention is the interplay between financial literacy and the carbon
footprint [43]. With increased awareness about the environmental impact of individual
consumption habits, financially literate individuals will understand the carbon footprint
associated with their purchasing decisions, encouraging them to make more sustainable
choices and to reduce their overall environmental impact. Financial literacy also empowers
individuals to allocate their financial resources effectively, including budgeting for sus-
tainable options that utilize green technology and prioritizing environmentally friendly
products and services [43]. Therefore, enhancing both green literacy and financial literacy
are critical steps towards creating a more sustainable future, where financial decisions align
with environmental goals.

Several studies have attempted to define sustainable consumption behaviors in the
context of engagement with the circular economy [44,45]. Some researchers define these
behaviors as the deliberate choices made by individuals to reduce their consumption,
reuse products, and recycle materials [45]. Others propose frameworks that emphasize
the importance of extending product life cycles, sharing resources, and adopting a more
conscious and responsible approach to consumption [46]. Understanding the motivations
behind sustainable consumption behaviors is essential for promoting and encouraging
such behaviors. Studies have identified various motivations, including environmental
concern, personal values, social norms, and financial benefits [47,48]. Additionally, the
concept of “pro-environmental identity” has emerged as a significant driver of sustainable
consumption behaviors [49–53].

Some behavioral models have been proposed and analyzed to better understand the
factors that influence individuals’ sustainable decisions and behaviors [54,55]. One notable
model is the sustainable behavioral model in natural resource management, which com-
bines principles from economics and psychology to examine how people make choices
and respond to incentives in the context of environmental conservation [54]. The model
starts by examining the decision-making processes of individuals when it comes to en-
vironmental conservation. It recognizes that people often make decisions based on a
combination of rational and non-rational factors, such as their values, beliefs, and emotions.
The model considers both conscious and unconscious decision-making processes. The



Urban Sci. 2024, 8, 63 5 of 26

pro-environmental behavior model proposed by Kollmuss and Agyeman (2002) suggests
that pro-environmental awareness is influenced by knowledge, values, and attitudes, which
are deeply rooted in personal values [55]. It has been observed that younger generations
are more familiar with the concept of the CE and engage in related behaviors, such as waste
separation and the purchase of recycled and remanufactured products [56]. Those with a
high environmental consciousness tend to demonstrate a greater propensity for engaging in
environmentally friendly actions [57]. Some other studies also show that individuals who
are knowledgeable about environmental matters and concern themselves with environmen-
tal protection are more likely to opt for green initiatives [58], invest in waste management
practices, and demonstrate eco-friendly behavior such as waste classification [59,60]. Ad-
ditionally, according to the Theory of Planned Behavior (TPB), awareness plays a crucial
role in shaping individuals’ attitudes, subjective norms, and perceived behavioral control,
which in turn influence the individuals’ intentions and behaviors [61–63]. To be specific,
the increased awareness of environmental protection and the CE often leads to a more
positive attitude towards pro-environmental behavior such as waste classification, making
individuals more likely to engage in this behavior [63]. For example, if individuals are made
aware of the environmental consequences of improper waste disposal and the benefits of
recycling and composting, they might develop a more favorable attitude towards waste
classification and be more motivated to participate in it.

Thus, the following hypotheses are proposed:

H1: Caring about energy saving positively affects young adults’ waste classification behavior.

H2: Caring about environmental protection positively affects young adults’ waste classification behavior.

H3: Awareness of the CE positively affects young adults’ waste classification behavior.

H4: Knowledge about the CE positively affects young adults’ waste classification behavior.

Moreover, some studies on consumers’ green purchases have confirmed the signifi-
cant influence of interest in energy saving and environmental protection on individuals’
willingness to pay (WTP) for green products despite potential higher prices [64–66]. This
type of behavior could also be influenced by people’s perceptions and awareness of the CE
transition, as they are more familiar with the concept of the CE and circular products [65,67].
Consumers may be willing to pay more for environmentally friendly products due to two
value concepts: bequest value and option value [68–72]. Bequest value refers to the value
consumers place on preserving the environment for future generations [71,72]. Consumers
who prioritize sustainability and environmental conservation may be willing to pay a
premium for products that have a reduced impact on the environment. This stems from a
desire to ensure that future generations inherit a clean and sustainable planet. Meanwhile,
option value refers to the value consumers place on having the choice or option to use
environmentally friendly products in the future [69,70]. Consumers recognize that envi-
ronmental issues are becoming increasingly important, and they may be willing to pay a
premium to have access to sustainable options. By purchasing environmentally friendly
products now, consumers are securing the option to continue using sustainable alternatives
in the future. For example, consumers might choose to buy solar panels for their homes
despite a higher initial cost compared to traditional energy sources. By investing in solar
panels, they not only reduce their carbon footprint but also gain the option to generate
their own renewable energy, potentially saving money on electricity bills in the long run.
These two values drive consumer preferences towards products that align with their envi-
ronmental concerns, even if they come with a higher price tag. Accordingly, this study also
proposes the following hypotheses:

H5: Caring about energy saving positively affects young adults’ WTP more for green and energy-
saving products.

H6: Caring about environmental protection positively affects young adults’ WTP more for green
and energy-saving products.
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H7: Awareness of the CE positively affects young adults’ WTP more for green and energy-saving products.

H8: Knowledge about the CE positively affects young adults’ WTP more for green and energy-saving
products.

It is also noteworthy that eco-friendly behaviors can be manifested in various ways
and are likely to interact with and impact one another [48]. In other words, if a person
follows a sustainable lifestyle, as reflected by his or her daily practices, that person might
also be more willing to purchase green products. Therefore, the following hypothesis is
also proposed:

H9: Waste classification behavior positively affects young adults’ WTP more for green and energy-
saving products.

3. Conceptual Framework and Study Approach
3.1. Conceptual Framework

The conceptual framework was developed and adapted from the Culture Tower [73,74] to
further understand people’s participation in the CE. It includes three key factors: Knowledge
(K), Action (A), and Contribution (C), which represent different levels of engagement in an
ascending order (Figure 2).
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Knowledge (K): Knowledge refers to an individual’s awareness, knowledge, and care
about the circular economy and environmental protection. It can be further categorized
into different levels. For example:

(i) Awareness: basic knowledge about the concept of the circular economy and its benefits.
(ii) Knowledge: either fundamental or in-depth understanding of the principles of the

circular economy and sustainable consumption.
(iii) Care: genuine concern for environmental protection.

Actions (A): Actions refer to the tangible behaviors and practices individuals undertake
to participate in the circular economy. As waste classification was made mandatory in
Vietnam on 1 January 2022 [10], examining waste classification aligns with the current
regulatory framework and helps evaluate the compliance and effectiveness of this policy.
Hence, choosing this pro-environmental practice is contextually relevant and specific to the
target population (i.e., Vietnamese young adults).

Contribution (C): Contribution represents an individual’s willingness to contribute
to the development of the CE, including paying a higher price for sustainable products
or services. This willingness to pay can be categorized into different levels, such as the
following examples:

(i) A 5% higher price: individuals are willing to pay a small premium for the products or
services that align with circular economy principles.
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(ii) A 10% higher price: individuals are willing to pay a moderate premium to support
sustainable practices and circular economy initiatives.

(iii) A 15% higher price: individuals are highly committed and willing to pay a significant
premium to promote circular economy practices.

This study seeks to examine the price range at which individuals would be willing to
switch from traditional products to green products, considering that price is often seen as
a barrier to choosing environmentally friendly options. In Vietnam, inflation rates have
varied between 2% and 6% from 2016 to 2022 [75], and bank deposit interest rates have
ranged from 5% to 10% [76]. Hence, this study selected low thresholds for a price increase,
namely 5, 10, and 15%, to test people’s reactions to different levels of a price change for
products that offer added environmental value.

These factors may be inter-dependent and influence an individual’s engagement in
the circular economy. This study aims to provide insights into participation in the circular
economy among the youth by testing how these factors interact to offer insights that may
facilitate the journey to build an eco-surplus economy.

3.2. Study Approach

• Bayesian Mindsponge Framework (BMF)

The Bayesian Mindsponge Framework (BMF) was employed for this study. The BMF
is formed by the Bayesian model and the mindsponge theory. The former refers to a statis-
tical model that incorporates Bayesian inference, which is a method of statistical inference
based on Bayes’ theorem [77–80], while the latter is a novel concept related to information
processing in the human mind, suggesting that the way human minds process information
is deeply connected to the principles observed in nature [81]. This framework, rooted in
the field of social sciences, investigates the mechanisms through which decisions are made
by individuals, utilizing a think–absorb–eject mechanism that involves the assimilation of
information particles from the surrounding environment [82–86]. The concept of the mind-
sponge mechanism offers an intriguing perspective on the cognitive processes underlying the
formation of pro-environmental intentions. According to this mechanism, individuals possess
a mindset comprised of deeply ingrained values and beliefs that shape their value system and
influence how they process information within their minds, akin to a multi-filtering process.
This mechanism operates continuously, absorbing and filtering information to maximize the
perceived benefits and minimize the perceived costs. In this context, the respondents surveyed
reflect the outcomes of their prior cognitive processes. Consequently, the justification based
on the mindsponge framework seeks to reconstruct the mental processes of the respondents,
shedding light on what drives pro-environmental actions [83,85,86].

The Bayesian Mindsponge Framework (BMF) was employed for this study for several
reasons. First, this method is better at analyzing small samples of data than frequentist
regression [77,87]. The BMF can incorporate prior information from previous studies or
expert knowledge into the analysis, while the frequentist approach only uses the data from
the current experiment [87]. This means that the BMF can make more efficient use of the
available information and produce more accurate and precise estimates of the parameters of
interest [77]. The BMF also provides a natural way of expressing uncertainty and variability
in the estimates, by using posterior probability distributions and credible intervals, which
are more intuitive and informative than the p-values and confidence intervals used by the
frequentist approach [88]. Second, the BMF helps us to easily handle complex models
that involve unobserved variables, non-linear causal relationships, hierarchical structures,
and multidimensional outcomes. The BMF can also assist us in dealing with missing data
and measurement errors in a principled way, by using appropriate prior distributions
and likelihood functions [77,79]. The BMF takes advantage of recent developments in
Markov chain Monte Carlo (MCMC) methods, which facilitate the implementation of
Bayesian analyses of complex datasets [79]. The third reason is that the BMF helps to
avoid some common problems in science, such as “stargazing”, p-hacking, and HARKing,
which hinder reproducibility and transparency [89,90] It is based on the mindsponge
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mechanism, which considers the subjective costs and benefits of different options. This
mechanism captures the complexity and dynamics of human thinking, even when dealing
with complex information, because it can update continuously, account for non-linear
causal relationships, and respond to both internal and external influences [91]. Last but not
least, Bayesian inference can help to perform statistical analysis with the BMF, which has
some benefits such as subjectivity, flexibility in studying human cognition, suitability for
estimating variation across groups, the estimation and visualization of credible intervals,
and non-dependence on asymptotic approximation [79].

• Bayesian Mindsponge Mindspongeconomics (BMM) framework

In order to gain a deeper comprehension of the cognitive processes and decision-
making strategies employed by young adults in Vietnam within the framework of the
CE, this study proposes and/or adopts the BMM framework. The BMM framework is an
expansion of the BMF with mindspongeconomics (or BMF plus). Mindspongeconomics
extends the mindsponge theory into a new branch of applied economics and aims to
address the limitations of traditional economics by optimizing utility through dynamic
core values [92]. Thus, the BMM framework combines Bayesian reasoning, the thinking
mechanism (mindsponge), and a core values-based, economic decision-making framework
(mindspongeconomics). In the context of a CE, BMM can be utilized to promote sustainable
practices, efficient resource use, and innovative decision making, because it encourages
adaptive, value-driven choices among young consumers who are quicker at adjusting
to changes and are highly concerned about the environment [93,94]. On the one hand,
Bayesian methods encourage an openness to new information and allow consumers to
update beliefs about the CE and its practices based on new evidence, making informed
choices in a dynamic environment [95]. On the other hand, young consumers, often pas-
sionate about environmental issues, can align their choices with their values and optimize
resource allocation using mindspongeconomics [92].

Following are the steps/procedures of performing BMM.
Step 1. Identification of research question(s): Define the research objectives or ques-

tions and provide background information to justify their importance. A good research
question/objective should lead to valuable scientific outcomes, be feasible and logical, and
require minimal resources throughout the scientific investigation process.

Step 2. Formulation of hypothetical models based on the mindsponge mechanism
and mindspongeconomics framework: Use the mindsponge mechanism and mindsponge-
conomics framework to conceptualize and construct hypothetical models to address the
research question(s). This step involves understanding the various components and charac-
teristics of the mindsponge mechanism, without being constrained by any predetermined
structure or elements.

Step 3. Data design, collection, and processing: Using mindsponge–mindspongeconomics,
the dataset should possess three essential elements: rigorous design and collection methods,
completeness (with minimal missing data), and diversity of observations to ensure representa-
tiveness and avoid selection bias.

Step 4. Bayesian analysis to test the Bayesian model averaging models: This involves
five steps: (i) model construction, (ii) model fitting, (iii) model diagnosis, (iv) interpretation
of the estimated results, and (v) comparison of the models (optional).

Step 5. Evaluation and presentation of the observed results: Diagnose, interpret, and
present the estimated results using appropriate visualizations, following steps 3–5 of the
Bayesian analysis. For the Bayesian analysis using Markov chain Monte Carlo (MCMC)
techniques, it is important to check the convergence of the Markov chains through the
effective sample size (n_eff) and the Gelman shrink value (Rhat), as well as visualizing the
plots like the trace plots, Gelman plots, and autocorrelation plots. The Bayesian approach
does not rely on p-values for the hypothesis assessment; instead, researchers assess the
reliability of the hypothesized association between the predictor and outcome variables by
examining the parameters’ posterior distributions.



Urban Sci. 2024, 8, 63 9 of 26

Step 6: Discussion about the observed results: Connect and compare the findings
using mindsponge–mindspongeconomics to relevant theories and existing studies, discuss
the implications, and state the limitations of this study.

4. Materials and Methods
4.1. Bayesian Model

By applying the mindsponge theory coupled with mindspongeconomics, the factors
that influence people’s core values and preferences, such as misinformation, false beliefs,
and cognitive biases [83,92], can be identified. The mindsponge theory and the mindsponge-
conomics framework help us design better policies and interventions that are tailored to
the needs and characteristics of different groups of people [92]. In light of the literature
review presented in Section 2, which acknowledges the significance of individuals in the
CE, the four subsequent models, which employ eight variables as presented in Table 1, are
constructed to comprehend the determinants that impact their actions.

Table 1. Lists of variables used in the models.

Variables Meaning Level Code

WTP5 Willingness to pay 5% more for green and energy-saving
products compared to traditional products data 1, 0

WTP10 Willingness to pay 10% more for green and energy-saving
products compared to traditional products data 1, 0

WTP15 Willingness to pay 15% more for green and energy-saving
products compared to traditional products data 1, 0

WasteClass_Bi Daily waste classification status data 1, 0

Energysave Care about saving energy data 1, 2, 3, 4, 5

Enviprotect Care about protecting the environment data 1, 2, 3, 4, 5

CEaware_Bi Awareness of the circular economy data 1, 0

CEknowledge Knowledge about the circular economy data 1, 2, 3, 4, 5

To assess and confirm the model, either the Rhat statistic or the n_eff metric is em-
ployed [77,84,85,90,96]. Specifically, the Rhat statistic, also known as the Gelman–Rubin
statistic, measures the convergence of multiple Markov chain Monte Carlo (MCMC) chains.
It compares the variance between the chains and the variance within each chain, and values
close to 1 indicate that the chains have converged and the model is stable. If the Rhat
statistic equals 1, it suggests that the model is adequate [77,85]. On the other hand, the n_eff
metric, which stands for the effective sample size, measures the efficiency of the MCMC
sampling. It estimates the number of independent samples that would provide the same
amount of information as the correlated MCMC samples. A higher n_eff value indicates
better efficiency and more reliable results [77,85]. In summary, the model is considered
satisfactory if Rhat is equal to 1 or if n_eff surpasses a threshold of 1000. Additionally,
the MCMC chains can be inspected to evaluate the fit and performance of the Bayesian
regression model. This includes examining the density plots of the chains to assess the
distribution of the parameter estimates and checking for any anomalies or unexpected
patterns. Consistency in the chains, such as smooth transitions between the samples and a
lack of abrupt changes, indicates a well-performing model [77,85]. In a Bayesian model,
the posterior coefficients and posterior results are used to describe the analysis’s outcome,
although they focus on different dimensions. The first refers to the updated estimates of
the model’s parameters after taking into account the data and any prior beliefs that were
included, whereas the second is a broader phase that includes everything learned about the
model parameters via the posterior distribution. The posterior results comprise not only
the posterior coefficients but also the spread (uncertainty) around those estimates, as well
as the whole range of possible values for each parameter.
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Model 1 examines the determinants of university students’ waste sorting at home. In
this model, a probability around µ is determined by the form of the normal distribution,
whose width is specified by the standard deviation σ. µi indicates the young adults’ (i’s)
likelihood of classifying waste; Energysavei indicates the importance of caring about saving
energy to the young adults’ (i’s) decision to classify waste; EnviProtecti indicates the
importance of caring about protecting the environment to the young adults’ (i’s) decision
to classify waste; CEaware_Bii indicates the importance of awareness of the CE to the
young adults’ (i’s) decision to classify waste; and CEknowledgei indicates the importance
of knowledge about the CE to the young adults’ (i’s) decision to classify waste. Model 1
has six parameters: the coefficients, βEnergysave, βEnviProtect, βCEaware_Bi, and βCEknowledge; the
intercept, β0; and the standard deviation of the “noise”, σ. The coefficients of the variables
Energysavei, EnviProtecti, CEaware_Bii, and CEknowledgei are distributed as a normal
distribution around the mean denoted M and with the standard deviation denoted S.

Model 1: Waste classification

Wasteclass_Bi~ normal(µ,σ) (1)

µi = β0 + βEnergysave × Energysavei + βEnviProtect × EnviProtecti + βCEaware_Bi ×
CEaware_Bii + βCeknowledge × CEknowledgei

(2)

β ~ normal(M,S) (3)

Models 2, 3, and 4 investigate young adults’ WTP higher for green and energy-saving
products at three price tiers. In the willingness-to-pay models, three different levels of
prices—5%, 10%, and 15% higher than those of normal products—are examined. By
examining these levels, this study aims to more deeply understand the factors driving
young adults’ purchasing behavior.

Model 2: WTP 5% higher

WTP5 ~ normal(µ,σ) (4)

µi = β0 + βEnergysave × Energysavei + βEnviProtect × EnviProtecti + βCEaware_Bi ×
CEaware_Bii + βCEknowledge × CEknowledgei + βWasteclass_Bi × Wasteclass_Bii

(5)

β ~ normal(M,S) (6)

Model 3: WTP 10% higher

WTP10 ~ normal(µ,σ) (7)

µi = β0 + βEnergysave × Energysavei + βEnviProtect × EnviProtecti + βCEaware_Bi ×
CEaware_Bii + βCEknowledge × CEknowledgei + βWasteclass_Bi × Wasteclass_Bii

(8)

β ~ normal(M,S) (9)

Model 4: WTP 15% higher

WTP15 ~ normal(µ,σ) (10)

µi = β0 + βEnergysave × Energysavei + βEnviProtect × EnviProtecti + βCEaware_Bi ×
CEaware_Bii + βCEknowledge × CEknowledgei + βWasteclass_Bi × Wasteclass_Bii

(11)

β ~ normal(M,S) (12)

4.2. Data

This study utilized primary data obtained using a systematic and sequential methodol-
ogy [97]. To be specific, the group utilized a Google form to design the questionnaire. This
data collection methodology was chosen for two specific rationales. Firstly, the interviewees
consist of young adults who possess a high level of familiarity with Google forms, hence
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facilitating the survey process. Furthermore, it facilitates time efficiency and enables the
surveyor to reach a substantial number of participants across a wide geographical region.

Information about the variables needs to be collected in light of the aforementioned
research hypotheses. For the variables of “Daily waste classification status”, “WTP 5% more
for green and energy-saving products (compared to conventional products)”, “WTP 10%
more for green and energy-saving products”, “WTP 15% more for green and energy-saving
products”, and “Awareness of the CE”, the questions were designed in an open-ended
form (yes/no). For the variables of “Care about saving energy”, “Care about protecting the
environment”, and “Knowledge about the circular economy” the questions were designed
in the Likert format [98].

A total of 485 surveys were collected throughout the period from September to Decem-
ber 2023. The majority of respondents were students at the VNU University of Economics
and Business (47.7%), followed by the National Economic University (16%), the VNU
School of Law (11.9%), the Vietnam National University of Forestry (11.6%), and the Uni-
versity of Economics HCM City (8.4%). Furthermore, almost all respondents (93.7%) were
between the ages of 18 and 22, and the majority of respondents (73.5%) were from urban
areas. Table 2 summarizes the statistical overview of the variables utilized in the models.

Table 2. Summary of variables used in the models.

Variables N Mean SD Min Max

WTP5 480 0.867 0.340 0 1
WTP10 480 0.456 0.499 0 1
WTP15 480 0.198 0.399 0 1

WasteClass_Bi 480 0.235 0.425 0 1
Energysave 484 4.002 0.784 1 5
Enviprotect 484 4.324 0.722 1 5
CEaware_Bi 484 0.579 0.494 0 1

CEknowledge 476 2.235 0.994 1 5

5. Results

Table 3 presents a summary of the results obtained from estimating the waste classifi-
cation model using the R 4.0.3 software. The table illustrates the impact of various factors
on the respondents’ decisions regarding waste sorting. To be specific, for all the variables,
Rhat is 1 and n_eff is over 6000 (much higher than the threshold of 1000, indicating a good
model). The trace plots in Figure 3 also demonstrate that the Markov chains exhibit stable
and consistent patterns, so the convergence can be confirmed. The simulated results show
that, besides knowledge about the CE, interests in both saving energy and environmental
protection exert a significantly positive impact on the practice of young adults’ classifying
waste in households (µEnergysave = 0.45, µEnviprotect = 0.65, and µCEknowledge = 0.37)
(Table 3). As can be seen from both the interval and density plot of the probability dis-
tributions of the posterior coefficients (Figures 4 and 5), these variables’ distributions are
entirely on the positive side of the x-axis, signifying a highly reliable positive distribution.
However, the impact of awareness of the CE does not yield a statistically significant effect
on waste sorting. Interestingly, at a lower confidence level, this variable might negatively
influence young adults’ waste classification (Figure 3).

Table 3. Estimated posterior results of waste classification.

Parameters Mean SD n_eff Rhat

a_Wasteclass_Bi −6.56 1.07 6686 1
b_Energysave_Wasteclass_Bi 0.45 0.21 7665 1
b_Enviprotect_Wasteclass_Bi 0.65 0.25 6301 1
b_CEaware_Bi_Wasteclass_Bi −0.54 0.33 7347 1
b_CEknowledge_Wasteclass_Bi 0.37 0.16 6992 1

Source: own elaboration.
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Table 4 presents a summary of the results obtained from estimating model 2 using the R
4.0.3 software. The diagnostic statistics indicate a good convergence of the model’s Markov
chains, evidenced by the effective sample sizes (n_eff) that are larger than 1000, and the Gelman
shrink factor (Rhat) statistics that equal 1 (Table 4). The trace plots also confirm the good
convergence of the model (Figure 6). To be specific, the table illustrates the impact of various
factors on the respondents’ decisions regarding their willingness to pay (a WTP of 5% higher).
Model 2 (Figures 7 and 8) demonstrates the determinants of young adults’ WTP higher for
green and energy-saving products. It is interesting to note that when the cost of these products
is higher at different levels, the WTP is affected by different factors. At 5% higher, only the
awareness of the CE is shown to be statistically significant. To be specific, there is a strong
positive association between the respondents’ awareness of the CE and a WTP that was 5%
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higher (mean = 0.85). On the other hand, this factor shows no influence on their WTP when the
prices of the products are approximately 10% higher.
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Parameters Mean SD n_eff Rhat

a_WTP5 0.06 0.97 7329 1
b_Energysave_WTP5 0.25 0.24 7400 1
b_Enviprotect_WTP5 0.19 0.25 6653 1
b_CEaware_Bi_WTP5 0.85 0.41 7233 1

b_CEknowledge_WTP5 −0.18 0.21 7216 1
b_Wasteclass_Bi_WTP5 0.62 0.46 9110 1

Source: own elaboration.
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Model 3′s statistical results are well validated. All n_eff values are greater than 1000, and
the Rhat values are equal to 1 (Table 5). The convergence of model 3′s Markov chains is again
confirmed through visual diagnostic methods, namely the trace plots (Figure 9). To be specific,
the table illustrates the impact of various factors on the respondents’ decisions regarding their
willingness to pay (a WTP 10% higher). From model 3 (Figures 10 and 11), a strong positive
correlation between the waste classification and a WTP 10% higher is found (µ = 0.72). Although
awareness of the CE, care about saving energy, and care about protecting the environment are
reported to induce respondents to pay (mean = 0.22, mean = 0.22, and mean = 0.12, respectively),
Figure 9 suggests that these three factors were not statistically significant.

Table 5. Estimated results of model 3 (a WTP of 10% higher).

Parameters Mean SD n_eff Rhat

a_WTP10 −1.83 0.72 7637 1
b_Energysave_WTP10 0.22 0.17 8533 1
b_Enviprotect_WTP10 0.12 0.18 7062 1
b_CEaware_Bi_WTP10 0.22 0.28 7902 1

b_CEknowledge_WTP10 −0.01 0.14 7796 1
b_Wasteclass_Bi_WTP10 0.72 0.25 8618 1
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Table 6 presents a summary of the results obtained from estimating model 4, which
illustrates the impact of various factors on the respondents’ decisions regarding their
willingness to pay (a WTP 15% higher). All the variables have a Rhat value of 1, and the
effective sample sizes (n_eff) exceed 7000, which is well above the desired threshold of
1000 for an accurate estimation. Figures 12–14 present probability distributions of posterior
coefficients, the coefficients’ posterior distribution, and trace plot for each variable of model
4, respectively. To be specific, the convergence of the model is confirmed by the dense
plots of variance in Figure 14. The application of the Markov chain Monte Carlo (MCMC)
method to large hierarchical models in Bayesian statistics yields consistent results across all
chains, indicating the presence of autocorrelation. The distribution of coefficients from the
Bayesian regression model (BRM) can be observed in Figures 13 and 14. From model 4, the
reported result in Figure 12 reveals that most of the distribution of Enviprotect lies on the
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positive side of the axis, indicating a highly reliable positive association between interest
in protecting the environment and a WTP 15% higher (mean = 0.48). It is also noteworthy
that, despite positively influencing a WTP 5% higher, awareness of the CE is found to exert
a negative effect on a WTP 15% higher. However, a certain part of being CE-aware still lies
on the positive side of the x-axis, implying that it is not statistically reliable in the 15% case.
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Table 6. Estimated results of model 4 (a WTP of 15% higher).

Parameters Mean SD n_eff Rhat

a_WTP15 −4.46 1.02 8104 1
b_Energysave_WTP15 0.20 0.21 9466 1
b_Enviprotect_WTP15 0.48 0.25 7391 1
b_CEaware_Bi_WTP15 0.40 0.33 7936 1

b_CEknowledge_WTP15 0.10 0.16 7724 1
b_Wasteclass_Bi_WTP15 0.22 0.29 8929 1

Source: own elaboration.
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6. Discussion
6.1. Key Findings

This current study employs the Bayesian Mindsponge Mindspongeconomics (BMM)
framework to gain a deeper understanding of the participation in the CE of Vietnamese
young adults. The models are built on the information processing mechanism, and the
estimation is carried out through Bayesian inference. The research results show that pro-
environmental attitudes play a crucial role in stimulating pro-environmental practices,
specifically waste classification. However, the factors that drive financial contributions to
development of a CE appear to be more complex and yield valuable insights at different
levels. However, when it comes to the financial contribution to developing a CE, the driving
factors seem to be more complex and provide valuable insights at different levels.

As evidenced in the preceding section, a significant association was observed between
the engagement of young individuals in waste sorting practices and their knowledge of the
CE and care about saving energy, as well as protecting the environment. In Vietnam, the
concept of the CE and its various applications has gained nationwide attention, particularly
following the issuance of Decision 687 on the development of a CE [99], as well as related
practices such as waste management, energy saving, and green shopping, which are pro-
moted both at universities and in communities, helping to enhance youths’ knowledge of
the CE. These efforts have familiarized Vietnamese young people, especially university
students, with knowledge of the CE, which not only provides them with the necessary
knowledge and skills to perform green practices such as waste sorting but also motivates
them to actually adopt such behaviors [100]. However, in Vietnam, the adoption of the
CE concept is presently constrained, which suggests a potential gap in the widespread
dissemination and reception of environmental values. Vietnam is currently undergoing a
dynamic phase of transformation [29], making effective resource management crucial to
the further thriving of Vietnam on its progressive trajectory. To this end, the CE should be
prioritized to reach holistic sustainability goals [101], and there is a fundamental require-
ment to effectively communicate and instill environmental value within society to propel
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the national economy towards a CE. Moreover, being aware of and exposed to the dire
consequences of global warming, Vietnamese young adults increasingly express a greater
level of care about protecting the planet [102]. Care is also found to exert a significant
impact on promoting pro-environmental behaviors in many studies [61–63,103]. On the
other hand, awareness of the CE did not have a significant impact in this study. This is in
line with Linda and Bhishna’s findings [104] that awareness alone may have little impact
on changing behaviors, which could be explained by the environmental attitude–behavior
gap, which refers to the failure of behavioral intentions to reflect actual pro-environmental
behavior [51–53].

This study shows that awareness of the CE and care about environmental protection
are positively associated with a willingness to pay (WTP). However, unlike some other
studies [105–107], this study investigates the relationship between the willingness to pay (WTP)
and environmental engagement levels, categorized into three pricing tiers. At a 5% higher
price level, the willingness to pay is significantly positively associated with awareness of the
CE, which underscores the power of information in driving sustainable behaviors. This implies
that even individuals with only a brief exposure to information about the CE are motivated
to contribute, primarily through information dissemination. In other words, education and
awareness campaigns may allow for the wider adoption of eco-friendly practices. This study
also finds that individuals who classify waste daily are more likely to pay 10% more for
green products, whereas interest in environmental protection is the driving force behind
purchases of products with 15% higher prices. This indicates that CE-aware individuals
only adopt pro-environmental practices as part of their routine, often without conscious
environmental consideration. Meanwhile, genuine environmental concern plays a crucial
role in their willingness to pay. In this case, a high level of contribution depends on a deep
commitment rooted in mindset, core values, and intrinsic beliefs, reflecting a culture of care
for the environment, and this care extends beyond personal habits into responsible choices
of consumption, such as investments in green and energy-saving products. Individuals at
this level are prepared to actively promote an environmental culture where environmental
preservation is the core value. The difference in people’s responses at different levels is also
consistent with the Culture Tower, in which each block represents the factors that correspond
with the degree of participation. The levels of 5%, 10%, and 15% correspond with the Culture
Tower’s levels—Knowledge/Perception, Action/Practice, and Contribution/Core Value [73].
Therefore, understanding and fostering this link is pivotal for promoting sustainable practices
at the individual level. These different engagement levels can be explained through two
theories of the mind: serendipity [108] and the mindsponge mechanism [82]. To be specific, by
accident, individuals are briefly exposed to CE-related information, after which the filtering
mechanism kicks in and these pieces of information undergo internal processing within
one’s mind. According to the mindsponge theory, the process involves the acceptance or
rejection of values to alter perceptions based on their compatibility with the intrinsic values
embedded in one’s information processing mechanism [82]. This typically emphasizes the
role of information dissemination and culture in shaping and transforming one’s perceptions
and/or behavior. As seen in Japan, South Korea, and Singapore, it takes many years to instill
this environmental value in different segments of the population or future generations through
communication, education, and policies, which suggests that Vietnam, a nation that boasts
about its cultural resources, should quickly take action towards a CE and sustainability.

The CE is a global trend that has been successfully implemented in numerous nations
due to its potential to achieve both economic and environmental sustainability goals [109].
The CE Action Agenda identifies five opportunities associated with a CE: making better
use of finite resources, creating new value from waste, creating jobs and economic growth,
improving human health, and protecting biodiversity [110]. In addition, a CE can help
developing countries solve the dilemma between economic growth and environmental
pollution as presented in the Environmental Kuznets Curve (EKC), because it reduces the
amount of waste produced by the economy and promotes the reuse of resources [111].
As the youth are the future of the nation, it is imperative that Vietnam enhances young
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adults’ participation in the CE. By taking both initial steps, such as waste classification,
and further steps, Vietnamese people, especially the youth, are expected to maintain their
enthusiasm and spread their eco-friendly lifestyles, ideas, and initiatives, creating a strong
environmental culture within the next generation. To this end, a comprehensive strategy,
including communication, education and training, and capacity building, is required.

6.2. Contributions

Upon analyzing the results, this work has made numerous significant contributions.
Theoretically, this study has enriched the existing literature review on an environmental
culture by using different theories to explain the mechanism from awareness to inten-
tion/behavior, namely, the Theory of Planned Behavior [61–63], the Culture Tower [73],
the sustainable behavioral model in natural resource management [54], and the semicon-
ducting principle of monetary and environmental values exchange [112]. With regards
to the willingness to pay, the results of three levels—5%, 10%, and 15%—are consistent
with the levels of the Culture Tower—Knowledge/Awareness, Action/Practice, and Con-
tributions. In addition, this research paper methodologically contributes to the existing
literature by applying the Bayesian Mindsponge Mindspongeconomics (BMM) framework
to understand the consumer decision-making process. From a practical viewpoint, firstly,
it assesses the potential of developing a CE with a solution to address the economic–
environmental–development trade-off in a developing country like Vietnam. In addition,
as the majority of the respondents live in urban areas, this study can be utilized to promote
CE practices in cities, contributing to environmental sustainability. By studying the role of
young people, it also proposes an approach to foster this process: promoting green literacy
and building an environmental culture among the youth. Secondly, the results reveal the
driving factors for youth engagement in the CE by building a research model from an
environmental perspective with variables concerning awareness, knowledge, practice, and
contribution [73]. These findings emphasize the importance of improving environmental
education and fostering positive environmental attitudes among the younger generation.
Although governing bodies have made waste classification obligatory for households,
evidenced by the introduction of the Environmental Law 2020 [10], there should be greater
efforts in communication or the introduction of higher penalties for non-compliance to
raise public awareness of the law in general and the responsibility for environmental pro-
tection in particular. Furthermore, education also plays a key role in fostering a mindset
transformation towards environmental issues. Educational programs should (i) be incorpo-
rated into the school curriculum to instill environmental values in children from an early
age; and (ii) be better aligned with the needs of young people and start with small to big
actions, turning required pro-environmental activities assigned during university courses
into daily practices. As future change agents, young individuals—future company owners
and policymakers—who add environmental value to their set of values may be inclined to
carefully take account of environmental consequences in their decision making. The results
not only indicate factors leading to Vietnamese young adults classifying waste and paying
more for green and energy-saving products but also imply practical policies to engage
them. The results claim that this cultural approach would be highly promising for further
understanding the drivers of behavior.

6.3. Limitations and Potential Follow-Up Research

Nevertheless, this study has certain limitations. Firstly, the sample size is relatively
limited, which may introduce a certain degree of bias. Future studies can try the frequentist
approach with a larger sample size to compare with this study’s findings. Furthermore,
while the concept of the CE encompasses a broad spectrum of subjects, this particular
study narrows its scope to solely examine the waste classification practices of students
in urban areas and their WTP for greener and more sustainable products, following the
new environmental law in 2020 with specific provisions on waste classification practices
in Vietnam. Therefore, future studies should consider exploring broader and/or country-
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specific subjects, such as recycling and energy-conserving actions, and be conducted in
different areas of Vietnam or other countries.

7. Conclusions

Vietnam has steered its efforts towards the green transformation and sustainable
development associated with the CE and the green economy; hence, understanding youth
participation in CE practices plays a pivotal role in enhancing green literacy and an en-
vironmental culture nationwide. This study is one of the first attempts to employ the
Bayesian Mindsponge Mindspongeconomics (BMM) framework and approaches the issue
through the lens of an environmental culture with a primary focus on culture-related
factors, seeking to comprehend youth participation in pro-environmental behaviors and
their willingness to pay. This study finds that young adults who have knowledge of the
CE and who concern themselves with energy saving and with environmental protection
are more likely to perform pro-environmental practices such as waste sorting. As regards
their willingness to pay, the results reveal the positive impact of interest in saving energy
and in environmental protection on waste classification in households and suggests that
CE-aware and environmentally conscious individuals have a higher level of willingness to
pay. This research unravels the layers of individual contributions to the CE, showcasing
diverse engagement levels. For those understanding the CE on a superficial level, mere
exposure information is enough to motivate their participation, which highlights the im-
portance of raising awareness and disseminating the relevant knowledge. At a deeper level
of engagement, individuals may engage unconsciously, and pro-environmental actions
are performed as a part of their daily routine without explicit environmental advocacy
or conscious commitment. For those who are willing to pay 15% more for products, a
substantial commitment emerges, rooted in genuine environmental concern that extends
beyond mere daily habits. As the future of a nation and potential changemakers, young
adults are expected to be environmentally conscious in both their personal and professional
lives. Youth engagement can foster a culture of environmental consciousness and responsi-
bility, inspiring broader societal shifts towards greener lifestyles and consumption patterns.
These findings contribute valuable insights to the ongoing endeavors aimed at cultivating
green literacy and environmental consciousness among the youth in Vietnam, particularly
in urban settings, and serve as a foundation for developing strategies that foster sustainable
practices and enhance environmental consciousness, contributing to a more resilient and
eco-conscious society.
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