
Electronic Journal of Applied Statistical Analysis
EJASA, Electron. J. App. Stat. Anal.
http://siba-ese.unisalento.it/index.php/ejasa/index

e-ISSN: 2070-5948
DOI: 10.1285/i20705948v17n1p20

Do the internet, economic growth, and environ-
mental quality spur people’s happiness during
the Covid-19 pandemic?
By Dang, Thang, Ngoc

15 March 2024

This work is copyrighted by Università del Salento, and is licensed un-
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Factors affecting people’s happiness have attracted much attention in the
context of the COVID-19 pandemic. This paper was conducted to investigate
whether internet use, economic growth, and environmental quality improve-
ments can ease psychological darns caused by the COVID-19 pandemic. In
the context of Southeast countries, and by applying the Bayesian inference,
the findings of this study are summarized: (i) internet use and economic
growth positively drive people’s happiness; (ii) the effect of environmental
quality on happiness is unclear in the context of the COVID-19 pandemic.
Based on this evidence, the study suggests practical implications for policy-
makers in boosting economic growth and enhancing people’s happiness.
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1 Introduction

The World Health Organization (WHO) declared the novel coronavirus disease a pan-
demic on March 11, 2020. The COVID-19 epidemic, one of the biggest crises, has
dramatically impacted all sectors, causing multidimensional and unprecedented tension
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worldwide. However, the pandemic has helped individuals recognize the value of happi-
ness along with interest in healthcare protections and the prospects of the economy. Like
other regions, the association of Southeast Asian nations (ASEAN) has been severely af-
fected by the COVID-19 pandemic. There were 11,324,390 confirmed cases and 249,529
deaths as of September 17, 2021, in ten ASEAN countries (Chu et al., 2022). As a
consequence, the growth in Malaysia unprecedentedly declined (17.1%), and the unem-
ployment rate reached 17.7% in Indonesia (Chong et al., 2021), which has since led to
much instability in human health and a profoundly reduced level of happiness. The out-
break of COVID-19 pandemic has caused profound effects on the global economy (Xiang
et al., 2021; Franchetti et al., 2023). On the contrary, environmental issues during the
COVID-19 quarantine period changed for the better. Most countries have seen signif-
icantly altered levels of air pollution. In the current information technology era, the
internet, as one of the essential factors for economic, cultural, and social development,
affects the quality of life of global people, and in social distancing, its role has increased
so far. Therefore, this study investigates the relationship between happiness, economic
growth, and the environment in ASEAN countries in 2021.

Nevertheless, an investigation of the specific determinants of national happiness for
ASEAN countries during the pandemic is impossible within the frequentist framework.
In frequentist econometrics, researchers always face small sample problems. Scarce data
appear for some reasons, one of which is a naturally limited population (van der Lee
et al., 2021). Consequently, collecting a sufficiently large dataset for inference is ex-
tremely difficult or impossible. In small sample sizes, frequentist estimation cannot give
meaningful results, often leading to ”non-convergence, inadmissible parameter solutions,
and inaccurate estimates” (Smid et al., 2020), ”low statistical power and level of relative
bias” (Zondervan-Zwijnenburg et al., 2018). Thus, our work conducts a case study on the
influence of specific factors on happiness using data on ASEAN countries to demonstrate
the superiority of Bayesian methods over frequentist and even naive Bayesian estimation.
The results achieved from Bayesian inference via Markov Chain Monte Carlo (MCMC)
simulations show the effectiveness of Bayesian estimation in small-sample analyses.

2 Literature review

The concept of happiness is often used interchangeably with health, well-being, and qual-
ity of life or linked to comfort and health (Altomonte et al., 2020). Psychologists usually
interpret happiness as subjective well-being (SWB), including cognitive and affective
components (Olsson et al., 2013; Schimmack et al., 2008). The subjective assessment of
one’s life, or life satisfaction, is referred to in the cognitive component; a higher level of
life satisfaction denotes a higher degree of SWB or happiness. Affective factor has linked
to the frequency with which people experience positive and negative affective states, en-
compassing particular emotions and general mood states. In this article, happiness is
seen from a more holistic and interdisciplinary perspective because happiness must be a
mental state that expresses satisfaction with aspects of life and is assessed by subjective
evaluation (De Dear and Brager, 2002), not merely ”the absence of disease or infirmity”
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(Grad, 2002).

2.1 The relationship between individual happiness and internet usage

The internet has transformed the way people interact, work, and entertain themselves.
It has also been suggested to have an impact on people’s happiness. Studies such as
those by Helliwell et al. (2016) show a complex relationship between Internet use and
happiness. They found that while internet use can provide numerous opportunities for
social connection and information access, it might also lead to an increase in social com-
parison and unhappiness, fostering feelings of isolation and loneliness. One study found
that individuals who spent more time on social media reported lower life satisfaction
and self-esteem (Kross et al., 2013). Similarly, Shakya and Christakis (2017) supports
this conclusion, asserting that online social networking is associated with decreases in
self-reported physical health, mental health, and life satisfaction. However, Chou and
Edge (2012) concluded that Internet usage can impact happiness negatively by creating
an environment where users often compare their lives with others, leading to decreased
self-esteem and happiness.

Contrarily, some researchers argue that the relationship between Internet usage and
happiness is not always negative. For instance, Valkenburg et al. (2006) argue that on-
line communication can also have positive impacts on psychosocial well-being, such as
increased self-esteem and decreased feelings of loneliness. This positive impact is usu-
ally derived from fulfilling intimate relationships and supportive communication. Other
studies have suggested that the internet can enhance happiness by facilitating social con-
nections and social support. For example, online social support groups have been found
to be effective in improving psychological well-being and reducing feelings of isolation
among individuals with chronic illnesses (van Uden-Kraan et al., 2009). Additionally,
online communication has been shown to increase social capital and social integration,
which can contribute to greater happiness and life satisfaction (Quan-Haase and Well-
man, 2004). Furthermore, some studies have found that the internet can provide in-
dividuals with opportunities for learning, creativity, and personal growth, which can
contribute to overall happiness. For example, online learning has been found to increase
self-esteem, motivation, and academic achievement (Cavanaugh et al., 2004). However,
it is important to note that the impact of the internet on happiness is not universally
positive. The internet can also be a source of stress and negative emotions. For exam-
ple, exposure to negative news and online harassment can have detrimental effects on
mental health and well-being (Tandoc Jr et al., 2015; Kassing and Sanderson, 2010).
Overall, the existing research suggests that the relationship between the internet and
happiness is complex and multifaceted. While the internet can provide opportunities for
social connection, learning, and personal growth, it can also be a source of stress and
negative emotions. Future research should further explore these relationships to better
understand the impact of the internet on happiness.



Electronic Journal of Applied Statistical Analysis 23

2.2 The relationship between individual happiness and economic
growth

Empirical results on the association between economic growth and happiness are am-
biguous (Cai et al., 2023; Easterlin, 2015). While economic growth is often viewed as
a critical indicator of a country’s prosperity and success, it is not always clear whether
it is associated with improved well-being for individuals. Some scholars found a posi-
tive relationship between them at individual and national levels. For example, Deaton
(2008) concluded that “each doubling of GDP is associated with a constant increase in
life satisfaction”. Nevertheless, studies have shown that economic growth is positively
associated with happiness and life satisfaction, but only up to a certain point (Clark
et al., 2014). Beyond a certain threshold, increases in income or GDP do not seem to be
associated with a corresponding increase in happiness. This is known as the Easterlin
paradox, named after economist Richard Easterlin, who first identified this relationship
in the 1970s. Some arguments are given as follows: first, happiness is a positive function
of income but a negative function of aspiration, and while increasing with income, aspi-
ration removes the positive effect of income. Second, economic growth is accompanied
by increasing income inequality (Oishi and Kesebir, 2015).

Economic growth can also positively impact happiness through other channels, such
as improved access to goods and services, increased employment opportunities, and
improved health and education outcomes. For example, research has found that countries
with higher levels of economic growth tend to have better health outcomes, such as lower
infant mortality rates and longer life expectancy, which are positively associated with
life satisfaction (Cole, 2019). Mahadea and Rawat (2008) argued that consumers should
be able to spend more thanks to increased incomes, which should lead to more utility
and subjective happiness. Rising incomes brought on by swift economic expansion help
low-income nations reduce poverty and improve their citizens’ quality of life. Therefore,
the happiness of the poor increases with affluence.

However, economic growth can also have negative consequences for happiness, such as
increased income inequality, social and environmental degradation, stress, and burnout
from long working hours and high workloads. For instance, Oishi and Kesebir (2015);
Olsson et al. (2013) showed that income inequality is negatively associated with hap-
piness. Individuals living in countries with higher levels of income inequality tend to
have lower levels of life satisfaction. In conclusion, the relationship between economic
growth and happiness is complex and multi-faceted. While economic growth can lead
to increased income, improved access to goods and services, and better health and edu-
cation outcomes, it can also have negative consequences for individual well-being, such
as increased income inequality, social and environmental degradation. The relationship
between economic growth and happiness or life satisfaction also varies based on cultural
and institutional factors and cannot be reduced to a simple linear relationship.
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2.3 The relationship between individual happiness and environmental
quality

The relationship between environmental quality and happiness or life satisfaction has
been the subject of much research in recent years. The environment significantly im-
pacts the human quality of life, which is reflected in the individual’s subjective sense
of happiness and life satisfaction. Initially, the idea that access to high-quality natu-
ral or artificial environments could increase happiness through biophilia an ”innately
emotional affiliation of human beings to other living organisms” was the theoretical un-
derpinning of the relationship between happiness and the environment (Wilson, 1986,
2006). Tyrväinen et al. (2014) indicated that the quality of the environment could affect
a person’s mood, stress levels, and overall health. A clean and well-maintained envi-
ronment with access to green spaces and clean air has positively influenced a person’s
happiness. In contrast, exposure to environmental pollution, noise, and overcrowding
can lead to increased stress levels, anxiety, and decreased well-being.

Cuñado and De Gracia (2013) explored the relationship between air pollution, cli-
mate, and reported subjective well-being (or happiness) in Spanish regions. Evidence
also suggested that climate and air pollution variables significantly explain these regional
differences in happiness. Or Wang and Cheng (2017) used the 2010 and 2013 Chinese
General Social Survey (CGSS) data to examine the relationships between the perceived
severity of environmental issues and individual happiness. They found that the per-
ceived severity of environmental issues has little, if not insignificant, correlation with
happiness. Zheng et al. (2019) claimed that high levels of air pollution in China might
contribute to the urban population’s reported low level of happiness. People suffer the
most on weekends, holidays, and days with severe weather. The expressed happiness of
women and the inhabitants of the cleanest and dirtiest cities are more sensitive to air
pollution. Meanwhile, Aksoy and Bayram Arlı (2020) mentioned that environmentally
sustainable development has a positive influence on human happiness in 131 countries.
To assure the countries’ happiness, this aspect of sustainable development needs to be
long-term protected. In order to provide for the comfort and pleasure of their citizens,
underdeveloped nations have historically placed a greater emphasis on economic growth.
Sadly, because of their disrespect for the environment, these countries’ efforts have led
to the depletion of their natural resources, the destruction of forests, and the contami-
nation of water supplies (Knight and Rosa, 2011; Steinberger et al., 2012). Faced with
these serious risks, national governments are gradually turning their attention to more
sustainable values, combining economic development and improving the quality of life.

Additionally, environmental pollution has been significantly reduced during city lock-
downs and production contraction. So, it is necessary to consider factors such as climate
and environmental conditions when analyzing subjective well-being. Indeed, exposure to
a healthy natural environment helps people increase their mental well-being by reducing
stress and enhancing positive emotions. By contrast, happiness is diminished by low
environmental performance (Rehdanz and Maddison, 2008), or ozone pollution (Ferrer-i
Carbonell and Gowdy, 2007). Besides, the ecological footprint (EF) is added in this
research because it is a vital indicator for measuring environmental sustainability and
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represents the ecological assets that a given population or product requires to produce
the natural resources it consumes and to absorb its waste, especially carbon emissions
(Kitzes et al., 2009). As research on EF and the happiness nexus is still limited, espe-
cially in developing countries, this study explores the relationship between these factors
during the COVID-19 pandemic.

3 Research model and Methodology

Remarkably, most studies on happiness applied frequentist methods based on large sam-
ples. An analysis of happiness in the ASEAN context during COVID-19 is statistically
inefficient because of the naturally limited population. Then, frequentist inference gives
rise to some parameter bias. Nevertheless, on the contrary, Bayesian methods can pro-
duce meaningful outcomes by combining two information sources: data distribution and
prior distribution. Long and Ngoc (2023) concluded that frequentist estimators, such as
least square, maximum likelihood, or restricted maximum likelihood perform worse than
Bayesian estimation under different prior settings. With specific priors incorporated,
statistical power rises for structural parameters (Zondervan-Zwijnenburg et al., 2018).
Bayesian inference using specific and data-dependent priors yields reliable results for
both parameter types (Long and Ngoc, 2023).

”Are data large enough?” is a crucial question. Researchers often seek a solution in
ratios of observations and parameters. Lee and Song (2004) suggested a ratio of 5:1,
which can make a reliable conclusion from maximum likelihood, whereas bias might oc-
cur in a 3:1 ratio. However, a lower ratio, 3:1 instead of 5:1, is sufficient for Bayesian
inference. A cross-section on happiness is accessed to demonstrate the superiority of
Bayesian statistics in overcoming scarce data. With a dataset of nine ASEAN countries
(excluding Cambodia and Timor-Leste for lack of data) for 2021, frequentist estimation
might induce bias, while Bayesian results using specific priors are meaningful. According
to Lee and Song (2004), some advantages of Bayesian inference compared to frequentist
inference are: (i) Bayesian inference allows the incorporation of prior beliefs or informa-
tion into the analysis. This is especially valuable when dealing with small sample sizes
or situations where prior knowledge is available. Frequentist methods typically do not
incorporate prior information; (ii) Bayesian inference provides a natural way to quantify
and express uncertainty. In Bayesian analysis, you obtain a posterior distribution, which
characterizes the uncertainty in the parameter estimates. Frequentist methods often pro-
vide point estimates (e.g., maximum likelihood estimates) without directly quantifying
uncertainty, although confidence intervals can be used to approximate it; (iii) Bayesian
methods are well-suited for sequential analysis, where data is collected over time, and the
analysis can be updated as new data becomes available. In addition, Bayesian inference
often provides more interpretable results, as the posterior distribution represents the
probability distribution of the parameter of interest. This is in contrast to frequentist
methods, which may sometimes produce estimates that are less intuitive.
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3.1 Bayesian MCMC simulations

Since the late 1990x, statistics has witnessed a sharp rise in both methodological and
empirical application of the Bayesian approach. A revolutionary change took place in
econometrics thanks to the latest developments in software programs and the superior
features of the Bayesian methodology. A Bayesian approach allows for approximating
complex models or models too demanding for frequentist methods; Bayesian results are
interpreted in a straightforward way; To involve model uncertainty is flexible in Bayesian
inference; Bayes’ law, a simple probability rule, is applied to all parametric models (Lee
and Song, 2004; Long and Ngoc, 2023):

prob (θ |y ) =
prob (y |θ ) ∗ prob (θ)

prob (y)
(1)

where, θ is a vector of unknown parameters, y is the data, prob(θ) is the prior dis-
tribution of the parameters θ. prob (y |θ ) is the likelihood distribution, prob(y) is the
marginal distribution of the data y, and prob (θ |y ) is the posterior distribution. In
Bayesian inference, estimated coefficients are obtained from the posteriors, which state
the likelihood of a parameter value of interest.

In particular, Bayesian estimation using specific priors are helpful in the case of small
data sample sizes. The advantages of specific priors over non-informative priors are em-
phasized in many simulation studies (Zondervan-Zwijnenburg et al., 2018; Smid et al.,
2020). Smid et al. (2020) divided priors into three types: näıve (non-informative),
thoughtful (specific), and data-dependent. Näıve or data-dependent priors can be used
as thoughtful priors under some circumstances. In the absence of background knowledge,
Lee and Song (2004) advised specifying a data-dependent prior. Bayesian models us-
ing data-dependent priors perform better than frequentist and naively applied Bayesian
estimation (Lee and Song, 2004). For variance, Zondervan-Zwijnenburg et al. (2018) rec-
ommended half-Cauchy or IG priors, while Smid et al. (2020) suggested non-informative
IG(0.01,0.01) or very informative IG(0.5,0.5).

As Lee and Song (2004) mention, the structural parameters are normally distributed.
With a focus on the crucial role of the internet during the pandemic, we assign a specific
prior to variable internet penetration (INT), while default priors are set for the remaining
parameters. A prior mean is extracted from the least square estimate. A sensitivity
analysis is used to check how various prior specifications affect the posterior results. We
vary values for the prior variance of INT in the range of 10,000 to 1. A variance of 10
or more is non-informative or vague compared to a strongly informative variance of 1.

3.2 Bayesian MCMC simulations

Our case study fits a Bayesian model:

Happiness = β0 + β1.EPI + β2.EF + β3.GDP + β4.INT + u (2)

We prepare β cross-sectional dataset of nine ASEAN nations in 2021. Happiness
scores (labeled happiness), collected from World Happiness Report 2021, are calculated
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from six different components: life expectancy, social support, GDP level, freedom, cor-
ruption, and generosity. Environmental data, including the environmental performance
index (EPI) and ecological footprint (EF), are recorded by the Yale Center for environ-
mental law and policy, and the footprint data foundation, respectively. Data on gross
domestic product per capita (GDP) and internet use (INT) are taken from the World
Development Indicators (World Bank) (Data of internet use variable for Brunei, Myan-
mar, the Philippines, and Singapore updated to 2020). A 9:6 ratio of observations and
parameters are obtained, that less than even 3:1. As Lee and Song (2004) documented,
such a small dataset is useless for frequentists. Bayesian MCMC simulations can help in
this case. To check chain convergence, a thinning of 30 along with separate blocking for
all the parameters, is set in a MCMC size increased to 50000.

4 Empirical result

The OLS estimation results shown in Table 1 indicate that except for variable EF, the
remaining variables are non-significant. That is because of insufficient data sample issues
such as statistical power and inflated type II error. In this context, a thoughtful Bayesian
MCMC approach allows us to obtain a much better solution.

Table 1: Frequentist (OLS) estimates

Variables Coefficient Std. Error t P > t 95% conf.interval

EPI 0.008 0.026 0.33 0.760 [-0.063; 0.080]

EF -1.131 0.182 -6.22 0.003 [-1.636; -0.626]

GDP 0.000 0.000 4.92 0.008 [0.000; 0.001]

INT 0.041 0.011 3.93 0.017 [0.012; 0.071]

Intercept 4.558 0.584 7.81 0.001 [2.937; 6.179]

The Bayesian simulation outcomes under the thoughtful prior settings are presented
in Table 2. The log marginal - likelihood estimate of this model (-38.230) is higher than
that of the Bayesian model with näıve (default) priors (-51.114), that is, the Bayesian
model using thoughtful priors performs better than the näıve Bayesian model.

By default, priors for the structural parameters and the variance parameter are N(0,10000)
and IG(0.01,0.01), respectively. The results of the sensitivity analysis indicate that
MCMC simulations using a strongly informative prior of N(0.04,1) perform the best.
MCMC convergence diagnostics via cusum plots show no sign of non-convergence (Fig-
ure. 1).

The autocorrelation plots provide the similar results (Fig. 2). So, we can make
infereces based on the simulation outcomes.

The posterior estimates of the selected model are exhibited in Table 1. Accordingly,
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Table 2: Bayesian simulation results

Variables Mean Std. Deviation MCSE PPI

EPI 0.007 0.036 0.008 [-0.0690; 0.0694]

EF -1.118 0.215 0.021 [-1.536; -0.674]

GDP 0.000 0.000 0.000 [0.00002; 0.00009]

INT 0.041 0.013 0.001 [0.013; 0.066]

Intercept 4.558 0.852 0.210 [3.114; 6.263]

Table 1 shows that compared to frequentist inference, thoughtful Bayesian estimation
produces meaningful outcomes for all the variables. Concretely, EPI, GDP , and INT
exert positive effects on the response, happiness. Moreover, the effect of EF is strongly
negative. The robust and reliable results obtained provide new evidence of the superiority
of a thoughtful Bayesian approach in the face of small sample issues. Some reasons
are suggested to explain these findings as: (i) Economic growth typically leads to an
increase in per capita income. Higher income can improve people’s living standards,
provide access to better housing, education, and healthcare, reduce financial stress, and
positive impact on people’s happiness (Ha et al., 2023); (ii) Economic growth can lead
to increased investments in healthcare and education. Access to quality healthcare and
educational opportunities can improve overall well-being and provide a sense of security
for individuals and families (Ngoc and Hai, 2024); (iii) the internet provides a vast
repository of information on virtually any topic. This easy access to knowledge allows
people to learn, explore, and stay informed about Corona virus, which can lead to
personal gain more understanding about the disease as well as how to prevent it in the
context of COVID-19 pandemic. (iv) Last but not least, the internet offers a wide range
of entertainment options, including streaming services, online games, and multimedia
content. These sources of entertainment can help people relax, unwind, and enjoy their
leisure time, contributing to happiness, and temporarily forget worries about illness and
death in the context of COVID-19 pandemic (Van Tran et al., 2024).

5 Conclusion and policy implications

By performing a case study on the specific determinants of national happiness in the
ASEAN context during COVID-19 era, our work demonstrated that in small sample
research, with specific prior settings added, Bayesian analysis outperforms both näıve
Bayesian and frequentist estimation, and more significantly, the more information in-
cluded in the priors, the more accurate the posterior summary. The results show that
EPI, GDP and INT positively affect the happiness of people in Southeast Asia during
the COVID-19 pandemic. Meanwhile, the relationship between EF and happiness is
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Figure 1: Cusum plots for MCMC convergence

negative. Furthermore, in contrast to frequentist inference, despite inadequate data,
with a correctly specified prior, the Bayesian outcomes are meaningful and robust across
different prior specifications. We recommend specifying thoughtful priors in applying
Bayesian methods from the outcomes acquired, especially in small sample sizes.

Based on empirical results, some implication policies are suggested: (i) Firstly, gov-
ernments can invest in the development of broadband infrastructure to ensure that ev-
eryone has access to affordable and high-speed internet. This will provide individuals
with greater access to online resources and services, and help to bridge the digital divide;
(ii) Additionally, governments can implement policies that promote economic growth,
such as providing tax incentives to businesses and investing in infrastructure projects
that create jobs. This can help to reduce poverty and increase overall economic stability,
which can in turn lead to greater happiness and well-being; (iii) Finally, policies can be
implemented to promote responsible internet use, such as protecting privacy rights and
addressing online harassment and hate speech. By implementing these policies, govern-
ments can help to create a more equitable and supportive environment for internet use
and economic growth, ultimately contributing to the happiness and well-being of their
citizens.
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Figure 2: Autocorrelation plots for MCMC convergence
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