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Abstract

:

Despite revolutionizing the work of practicing economists by providing a direct link between neo-classical economic theory and revealed market preference data, Random Utility Theory has yet to guide research applications in global market sustainability. With the worldwide adverse socio-economic effects of the 2019 coronavirus disease (COVID-19), such application now becomes timely. Therefore, relying on a Random Utility theoretic formulation of youths’ preferences for the biosphere (ecosystem services, sustainability) and science-based disease prevention to characterize their planetary health interests, this paper adopts a micro-based planetary view of markets to retrospectively analyze the health and ecological implications of digital media consumption among youths in the global economy. Empirically, we rely on a mixed bivariate ordered probit specification, which is estimated using Markov Chain Monte Carlo methods. Our findings reveal a strong, positive correlation coefficient (0.835) between youths’ interests in the biosphere and science-based disease prevention. Moreover, digital media consumption in the form of increased frequency of ecological website visits, news blogs visits, and web-browsing on broad science, significantly reduce youths’ interests in the biosphere. A similar reduction in youths’ interest in science-based disease prevention is observed, from news blogs visits and web-browsing on broad science. Conversely, ecological website visits appear to raise youths’ interests in science-based disease prevention. Furthermore, we find a gender-based gradient in youths’ planetary health interest, in favor of the female gender. Overall, our findings confirm the appropriateness of a holistic view of health, and suggests a couple of policy implications for the long-term sustainability of our planet.
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1. Introduction


One of the greatest contribution of science to humanity has been its progressive unveiling of the influence on human health of the environment (in all its aspects: physical, social, economic, political, cultural, and historical), and the many adverse (local and planetary) impacts that human activities have on the environment [1]. Nonetheless, throughout a good part of the modern public health era, the concept of health was circumscribed to individuals, communities, populations, and on occasion, to nations [2]. This view has led to the pursuit of health as though disconnected from our lifestyles and environments [3], as we failed to consider whether health gains were recorded at the expense of eroding the earth’s underpinning natural systems, which provide the essential life sustaining ecosystem services such as water, food, fuel and shelter, on which the human civilization depends. Thus, contributing to past inadequate societal and public health responses to global health challenges [4].



Learning from the past, an ecological public health model was proposed to help guide policy responses [5], which integrates the material, biological, and socio-cultural aspects of public health, while accepting the complexity and non-linearity of natural systems dynamics. Emerging from this framework is planetary health (PH), which is defined as “the health of human civilization and the state of the natural systems on which it depends” [6]. PH seeks to address the challenges of how best to protect and promote human health in an era of global earth’s systems disruptions from human activities [7,8]. It also identifies at least six dimensions of fundamental biophysical shifts including (1) global climate system disruption; (2) resource (e.g., arable land and fresh water) scarcity; (3) bio-geochemical cycles (e.g., that of nitrogen, carbon, and phosphorus) reconfiguration; (4) widespread (water, soils and air) pollution; (5) pervasive changes in land cover and use; and (6) rapid biodiversity loss [9]. These rapid changes in the function of socio-ecological systems, with their adverse influences on ecosystem services, are reported to alter human exposures to infectious diseases [10] and natural hazards (e.g., heat waves, tropical storms, fires, droughts, and floods) [3]; and therefore affect important dimensions of human well-being.



Though more consensus remains to be achieved, agricultural expansion, bushmeat hunting, and overall human encroachment into wildlife habitat are reported to be at the roots of zoonotic diseases such as the Ebola [1] and the coronavirus disease 2019 (COVID-19) [11]. Still ongoing, the COVID-19 pandemic has plunged the world into an extraordinary crisis [12], spreading to more than 125 countries [13], with catastrophic socio-economic consequences [14,15], and demonstrating the inter-dependence of national health systems, food systems and supply chains. Attesting to this global cross-country inter-dependence, is the recent call “by the Lancet” for research papers integrating planetary health perspective that cuts across traditional domains of knowledge, governance, and economic sectors to properly address the challenges posed by COVID-19 [16].



With disregard to any national or physical borders, financial crisis, biodiversity loss, and climate change are also ongoing global challenges that require concerted efforts for their management through collective action [14]. Among other things, the mitigating responses to the Covid-19 pandemic have demonstrated that overnight transformational changes are possible [15]. In the same spirit, the pandemic provides nations with the opportunity to now come up with solutions that accelerate the global transition to nature-rich societies, with low-carbon and resilient economies.



Also representing a key milestone in the global health and development community is 2015, which marked the end of the Millennium Development Goals (MDGs) era and the launching of the 17 Sustainable Development Goals (SDGs). The SDGs define 169 targets and 230 indicators leading up to 2030 [17]. They are categorized into five groups, the so-called 5Ps: People, Planet, Partnership, Peace, and Prosperity, which countries are recommended to promote to create a sustainable world [18]. By fundamentally shifting the global health and development paradigm, the COVID-19 pandemic leaves much to be done to meet the defined health and non-health related SDGs targets by 2030 [19]. Nonetheless, and in line with the efforts undertaken globally by the United Nations (UN) country members, including the UN Convention on Biological Diversity (UNCBD), its Framework Convention on Climate Change (UNFCCC), and its General Assembly Nature Summit, the pandemic leaves nations worldwide to come up with transformative economic recovery plans that invest in people, nature, and low-carbon developments [20].



As the global consensus framework for committing efforts in the present to leave a healthy and sustainable planet for future generations, the SDGs also have at heart the well-being of children and adolescents [21]. In this regards, the Lancet commission on planetary health suggests that “Despite present limitations, the SDGs provide a great opportunity to integrate health and sustainability through the judicious selection of indicators relevant to human well-being, the enabling infrastructure for development, and the supporting natural systems… the landscape, ecosystems, and the biodiversity they contain can be managed to protect natural systems, and indirectly, reduce human disease risk…” [3] Moreover, “Progress toward planetary health implies the development of an improved understanding of the connections between natural systems and health,… and requires recognition of the benefits to health arising from the conservation and rehabilitation of natural systems and the mitigation of greenhouse gases and other damaging emissions that result from human activities” [1].



Furthermore, based on the notion of inter-generational justice and fairness, a life course approach to well-being, and of course sustainable economic development [22], in 2018 a Lancet commission on children’s health and well-being was formed with the aim of considering ways in which society as a whole, including medical professionals and governments, can accelerate progress on the strategies adopted within the context of the SDGs to improve child health and well-being [22]. One of the concluding calls made by the commission was the urgent need to address the environmental and existential threats (such as the COVID-19 pandemic [23]) that jeopardize the future for children and adolescents. In line with youths’ well-being are their interests, which focus on enjoying safe and healthy environments with family togetherness [1].



It is, therefore, within this context of emerging thoughts and scholarly actions that we undertake the present analysis to investigate the role that digital media play in shaping planetary health interests in the global youth population. Our study contributes to the scientific literature in two ways: (i) methodologically, by introducing a random utility-based bivariate ordered probit (RUMBOP) model, which innovates on the previously used models to investigate sustainability; and (ii) practically, by providing new insights of practical relevance to evidence-based sustainable policy making, not just at national or global level, but at the planetary level. Hence, we organize the rest of this paper as follows: In Section 2 we briefly review the empirical literature underpinning our research hypotheses, and the theoretical literature guiding our conceptual framework; in Section 3 we describe the methodology followed to meet our research objectives, by first presenting the data, followed by the econometric model with its identification strategy; in Section 4 we present the findings, which are discussed in Section 5; in Section 6 we conclude the analysis by first elaborating on its implications, followed by discussions of its limits and avenues for future research.




2. Literature Review


2.1. Theoretical Review and Conceptual Framework


Sustainability is a planetary property with two central components that are ecological sustainability, and economic sustainability [24]. The former is defined as “the capacity of ecosystems to remain diverse, resilient and productive over time, and to maintain the flow of ecosystem services essential for humans and other species”. The latter on the other hand refers to “the capacity of economic systems, at any scale from individual households to the global economy, to remain diverse, resilient and productive over time” [25,26]. Ecosystems, with their human components are continually evolving complex and adaptive systems [27]. The idea of sustainable development springs from this evolving nature as “development that meets the contemporaneous needs of society without compromising the ability of future generations to meet their owns” [28]. Due to growing computing power in the last two decades, and the evolution of new mathematical modeling techniques, system modeling of socio-environmental and economic interactions and feedback, has been evolving rapidly.



The scientific literature now features numerous mathematical models with ecosystem components, which are used to study sustainable development [29]. These models typically yield qualitative and quantitative conclusions that assist policy making, and the evaluation of technologies and ecosystem management strategies. Because studies of sustainable development reach across multiple disciplines, they require an equally inter-disciplinary approach for their theoretical underpinnings [8,28]. For example, [30] discusses several mathematical models for freshwater ecosystem modeling. Within the context of open innovation research, [31] reports on the value of the quadruple-helix model of innovation for sustainability. In the information theory literature [32], suggests using Fisher Information (FI) as a state of order of a dynamic system, to construct the basic theory of sustainability for ecological applications. Other models relying on optimal control theory to regulate socio-ecological systems to achieve sustainability have also been proposed in the literature [33]. The challenge in this latter type of models is to mathematically formulate an objective function promoting the preservation of all aspects of human society, and its surrounding natural environment. Our adopted strategy in the current analysis departs, but complements this strand of theoretical underpinnings, with the underlying goal of maximizing youths’ planetary health interests, by regulating their consumption of digitally mediated strategic health and ecological information.



To this end, we rely instead on the theory of Random Utility maximization [34,35,36,37] from the field of economics. Originally conceived in 1960 entirely in terms of ordinal utility by [38], and further extended in 1963 by [39], using an analogy of the 1859 psychological model of judgment and choice [40], along with the 1927 and 1959 versions of the derivatives models [41,42] respectively, the Random Utility Model (RUM) is a probabilistic representation of the neo-classical economic theory of individual choice.



In its original conception, the probability was derived from individual’s preferences variability in the face of repeated choices from the same finite set. Seeking to make RUM more pragmatic [43], shifted this interpretation by proposing the alternative view of the probabilities as reflecting the choices of a population of individuals, where each one has only one choice. This latter interpretation has contributed to popularizing the use of RUMs among practicing economists, because of its natural alignment with markets data, and potential to inform policy making.



Since “planetary health” is defined as “the health of human civilization and the state of the natural systems on which it depends” [7], it can be dissected into two distinct but inter-related dimensions. The first of which is “the health (or state) of the biosphere” and the second dimension is “the health (or state) of the human civilization”. Therefore in formulating our Random Utility Model of youth’s planetary health interests, we follow McFadden’s utility interpretation, and assume that the joint utility youths derive from the biosphere and good health is an indirect differentiable bivariate continuous functional of their socio-economic and demographic characteristics; along with their consumption frequency of strategically designed, digitally diffused, health and ecological information. In so doing, we use a system of two equations in the form of a bivariate linear mixed model, to jointly represent the two dimensions of planetary health, while controlling for the effects of digital media consumption, and that of the socio-economic and demographic factors described in the conceptual framework in Figure 1.



The resulting Random Utility-based conceptual framework assumes that youth derive utility from both the biosphere (ecosystem services and sustainability), and from science-based disease prevention (good health); such that youths’ revealed planetary health interests are driven by their latent preferences for ecosystem services, sustainability and good health from preventive science. Our main contention in this analysis is that youths’ latent preferences are shaped by their frequency of digital media consumption, as expressed in the links to be tested in Figure 1. The greater the utilities that a youth derive from the biosphere and science-based disease prevention, the greater her interests in both the biosphere and science-based disease prevention, and thus her planetary health interest. Mathematically, this is equivalent to the expressions in Equation (1), which we describe in Section 3.2.




2.2. Empirical Review and Hypotheses Formulation


Globally, young people age 10–24 represent about 27% of the world population, and are more vulnerable and at greater risk of disease and poor health [44]. A recent Global Burden of Disease (GBD) report [45] suggests that changing patterns of global youth health could potentially undermine future population health and economic development globally, unless ongoing tendencies are reverted through the implementation of timely and effective strategies. In 2016, the then UN secretary general in reference to the importance of properly attending to adolescents’ well-being for the sustainability of global socio-economic development, stated that: “Adolescence is a critical life stage during which individuals must have the opportunity to develop the capabilities required for realizing their full potential and achieving a prosperous, healthy, and fulfilling life. Transitions from adolescence to adulthood require investments in health information and services tailored to adolescents’ needs, quality education, vocational training, and the chance to enter the productive workforce, as well as human rights protections and opportunities to participate in decision-making. Such investments will benefit not only young people who need them, but also their communities and countries” [46].



Because of complex non-linear and feedback links between environmental changes and health outcomes [6], current understanding of the role of suitable climatic conditions and preserved ecosystems, in disease transmission regulation and human life and well-being support, is still imperfect [47]. Nonetheless, much of the progress recorded by humanity thus far, has been supported by the earth’s ecological and biophysical systems [27]. The earth’s oceans, atmosphere, and key ecosystems including wetlands, forests and tundra have contributed to regulating the world’s water cycle, giving humanity freshwater for drinking and sanitation, maintaining a constant climate, providing clean air, and recycling nutrients such as nitrogen and phosphorus [20]. How the growing use of digital technology in the global youth population mediates these complex dynamics between environmental changes and health outcomes by shaping youths’ planetary health interests and behaviors remains to be researched.



Nevertheless, strategic environmental communication (SEC) theory provides the ideal set up for gathering additional evidence on this latter effect [48]. Since youths are constant users of digital technologies [49] including the Internet and mobile phones [50,51], they open up to various innovative health education and disease prevention strategies involving these technologies [52,53,54,55,56,57]. Indeed, by affecting youths’ ability to readily access, understand and use unbiased evidence-based health and environmental information, digital media contributes to raising health and environmental awareness [58] and literacy [59,60], thereby reducing exposures to risk factors, and in so doing illness [61], and overall disease burden [62,63]. Importantly however, the literature on digital media influence on youth’s well-being remains divided [64,65,66,67]. Although some authors report digital technology use among youths to have positive effects on their well-being [68,69,70,71,72]; Others report adverse effects on youth psychological well-being [73,74,75,76,77,78] and physical well-being [79,80].



Digitally mediated innovative methods for understanding youths’ perceptions of their environments include community mapping [81,82], crowdsourcing through social media [83], and photovoice [84]. Digital media contributes to shaping college students’ cultural attitudes including cultural awareness, receptivity, and future orientation [85]. Recent climate movement initiatives led by adolescents such as Greta Thunberg’s, which mobilized in March 2019 an estimated 1.5 million students in cities worldwide, also show the potential catalytic effect of digital technologies in the form of social media platforms to harness young people’s engagement into environmental and economic policy [86]. Social media platforms such as U-Report, have also proven useful for engaging youth in consultative socio-economic and environmental policy formulations [87]. For example, before the Global Conference on Primary Health Care, held on 25–26 October 2018 in Astana, Kazakhstan, the UNICEF gathered feedback from over 385,000 youth respondents using the U-Report platform to guide the discussions in the one day preparatory workshop that saw the attendance of over 100 youth participants [88].



Despite the above reported health and environmental benefits of digital technology, studies reporting on digitally mediated strategic health and environmental communication to improve the effectiveness and efficacy of health and environmental campaigns promoting planetary health interest in the global youth population remains to be undertaken. Our current investigation therefore makes use of the unique data set [89], to bridge this gap. The general question we seek to address in our current context of the COVID-19 pandemic is: How much does digital media consumption among adolescents worldwide affect their knowledge of, and interest in ecosystem services, sustainability and science-based diseases prevention?



Since “planetary health” is defined as “the health of human civilization and the state of the natural systems on which it depends” [6], we operationalize “planetary health interest” using both “interest in the biosphere (ecosystem services and sustainability)”, and “interest in science as a means for disease prevention”. Doing so allows us to rewrite the above research question equivalently as: How much does digital media consumption among adolescents worldwide affect their planetary health interests?



To the best of our knowledge, this research question remains to be specifically addressed in the scientific discourse. Fortunately, the Elaboration Likelihood Model (ELM) [90] from the field of information theory suggests that the framing and delivery of a message necessarily affect how it is processed, comprehended, and used in subsequent decision-making [91,92]. Various psychological barriers to health and ecological conservations have the potential to limit youths’ planetary health interests and behaviors [93]. However, frames as structural manifestations of socio-ecological issues [94], could be essential psychological tools for health preservation [95] and ecological conservations [96] initiatives. Indeed, studies in persuasion research show that the cognitive challenges that environmental persuasion initiatives face, could be bypassed using strategic communication [48,97]. Therefore, strategically designed health and ecological information, which are then digitally diffused to youths, could help reduce the cognitive overload attached to complex human-ecological systems dynamics, and thereby improve youths’ planetary health interests and behaviors. Hence, the rest of our research endeavor is guided by the following four hypotheses:

Hypothesis 1 (H1).

Frequent visits of ecological websites positively influence adolescents’ interests in the biosphere and science-based disease prevention;





Hypothesis 2 (H2).

Frequent visits of news blogs positively influence adolescents’ interests in the biosphere and science-based disease prevention;





Hypothesis 3 (H3).

Frequent web-browsing on broad science positively influence adolescents’ interests in the biosphere and science-based disease prevention;





Hypothesis 4 (H4).

A significant relationship exists between adolescents’ interest in the biosphere and their interest in science-based disease prevention;







In the theory of hypothesis test, the null hypothesis always translates the state of nature on the phenomenon under investigation, and is rejected if and only if there is convincing evidence from the studied sample that it is false. Failing to respect this corollary leads to the type I error in hypothesis test, which occurs when a researcher rejects a true null. On the other hand, the alternative hypothesis contains by default the complement statement to the null, and is accepted if and only if there is overwhelming evidence that it is true. Failing to respect this latter corollary leads to the type II error in hypothesis test, which occurs when a researcher fails to reject a false null.



In the above, the first three hypotheses (H1 to H3) together imply that frequent use of digital media by youths positively influence their planetary health interests; while their corresponding alternatives, though not explicitly formulated imply the opposite. The fourth hypothesis addresses the underlying feedback relationship assumed between human health and the environment under the ecological public health view. More specifically, (H4) assumes/states that the ecological public health view is correct (holds), while its implicit alternative suggests otherwise.





3. Methods


3.1. Description of the Data and Variables


This analysis uses data on the environmental affection and cognition of 187,821 youths respondents from 50 nations worldwide [89], and extracted from the student questionnaire file of the 2015 Program for International Student assessment (PISA) [98]. Administered every 3 years to assess the extent to which students have acquired key competencies for full participation in modern societies, PISA was launched by the Organization for Economic Cooperation and Development (OECD). The OECD report ([99] pp. 65–86), provides a detailed account of its sampling design. The definitions and summary statistics of all used variables are provided in Table A1.



Dependents Variables Description


Adolescents’ level of interests in the biosphere (ecosystem services and sustainability) (IntBiosph), and science-based disease prevention (IntScPrevDis), represent the two dependent variables in our study. Together the two indicators represent adolescent students’ interest in “planetary health”, which we approach as the health of human civilization and the state of the natural systems on which it depends:




	
IntBiosph: defined as   y 1  , it is a qualitative ordinal response assuming the values (1—unaware and not interested, 2—Hardly interested, 3—Aware and Interested). As shown in Table A1 its mean value is 2.28 with a standard deviation of 0.79.



	
IntScPrevDis: defined as   y 2  , it is also a qualitative ordinal variable that assumes the values (1—unaware and not interested, 2—Hardly interested, 3—Aware and Interested). As shown in Table A1 its mean value is 2.62 with a standard deviation of 0.68.










3.2. Specification of the Econometric Model


Our Random Utility Model of youth’s planetary health interest, presented conceptually in Figure 1 is empirically expressed in the equation system (1), which is a mixed bivariate ordered probit (MBOP) model of youths’ interest in the biosphere and in science-based disease prevention. This representation, which from here on we refer to as of the Random Utility-based Mixed Bivariate Ordered Probit (or RUMBOP) model, is an extension of the latent variable framework in [100], which is itself adapted from [101,102]. To this end, we let   y 1 *   be the latent utility that a youth derive from ecosystem services and sustainability, and   y 2 *   be the latent utility that the youth derive from science-based disease prevention (or good health); and state youths’ underlying preferences for the biosphere and science-based disease prevention as:


     y  1 i  *     =    X ′    1 i    β 1  +    Z ′    1 i    u 1  +  ϵ  1 i         y  2 i  *     =    X ′    2 i    β 2  +    Z ′    2 i    u 2  +  ϵ  2 i       



(1)




where      X ′    1 i    , and      X ′    2 i     denote the fixed effects vectors of regressors, and include the indicators of youths’ frequency of digital media consumption (EcoWebVisit, BlogsVisit, BroadScWeb), and the socio-economic and demographic control variables (AGE, Gender, GradeLev, IMMIG, MISCED, FISCED, ESCS);      Z ′    1 i    , and      Z ′    2 i     denote the random effects vectors of regressors, and include only (CNTRYID) in the present study.   β 1   and   β 2   are the corresponding vectors of unknown fixed effects, while   u 1  , and   u 2   are the corresponding unknown random country effects.   ϵ  1 i    and   ϵ  2 i    denote the random perturbations to the system, and i the individual subscript for each youth respondent. The regular exogeneity assumption   E  (    X ′    1 i    ϵ  1 i   |    Z ′    1 i   )  = E  (    X ′    2 i    ϵ  2 i   |    Z ′    2 i   )  = 0  , of model regressors are maintained.



The observed indicators of adolescent students’ levels of interest   y  1 i   , and   y  2 i    are linked to their respective latent propensities as:


   y  1 i   =      1 − U n a w a r e   a n d   N o t   i n t e r e s t e d     if     y  1 i  *  ≤  μ 1           2 − H a r d l y   I n t e r e s t e d     if     μ 1  ≤  y  1 i  *  ≤  μ 2         3 − A w a r e   a n d   I n t e r e s t e d     if     μ 2  <  y  1 i  *         



(2)






   y  2 i   =      1 − U n a w a r e   a n d   N o t   i n t e r e s t e d     if     y  2 i  *  ≤  δ 1           2 − H a r d l y   I n t e r e s t e d     if     δ 1  ≤  y  2 i  *  ≤  δ 2         3 − A w a r e   a n d   I n t e r e s t e d     if     δ 2  <  y  2 i  *         



(3)




where the cutoffs satisfy    μ 1  <  μ 2    and    δ 1  <  δ 2   , and must be estimated along with the model parameters. To ensure the model is identified, we fix the first threshold values    μ 1  =  δ 1  = 0  . Following [103,104], we jointly handle the boundary cases by defining    μ 0  =  δ 0  = − ∞   and    μ 3  =  δ 3  = + ∞  . In so doing, the joint probability of    y  1 i   = j   and    y  2 i   = k   is:


     P r (  y  1 i   = j   ,    y  2 i   = k )     = P r (  μ  j − 1   <  y  1 i  *  ≤  μ j    ,    δ  k − 1   <  y  2 i  *  ≤  δ k  )           = P r (  y  1 i  *  ≤  μ j    ,    y  2 i  *  ≤  δ k  )           − P r (  y  1 i  *  ≤  μ  j − 1     ,    y  2 i  *  ≤  δ k  )           − P r (  y  1 i  *  ≤  μ j    ,    y  2 i  *  ≤  δ  k − 1   )           + P r (  y  1 i  *  ≤  μ  j − 1     ,    y  2 i  *  ≤  δ  k − 1   )     



(4)







If   ϵ  1 i    and   ϵ  2 i    has joint bivariate Gaussian distribution with correlation  ρ , then the contribution of each student’s to the likelihood function could be formulated as:


     P r (  y  1 i   = j   ,    y  2 i   = k )       =  Φ 2   (  μ j  −    X ′    1 i    β 1  −    Z ′    1 i    u 1    ,    (  δ k  −    X ′    2 i    β 2  −    Z ′    2 i    u 2  )  ζ ,  ρ ˜  )            −  Φ 2   (  μ  j − 1   −    X ′    1 i    β 1  −    Z ′    1 i    u 1    ,    (  δ k  −    X ′    2 i    β 2  −    Z ′    2 i    u 2  )  ζ ,  ρ ˜  )            −  Φ 2   (  μ j  −    X ′    1 i    β 1  −    Z ′    1 i    u 1    ,    (  δ  k − 1   −    X ′    2 i    β 2  −    Z ′    2 i    u 2  )  ζ ,  ρ ˜  )            +  Φ 2   (  μ  j − 1   −    X ′    1 i    β 1  −    Z ′    1 i    u 1    ,    (  δ  k − 1   −    X ′    2 i    β 2  −    Z ′    2 i    u 2  )  ζ ,  ρ ˜  )      



(5)




where   Φ 2   is the standard normal bivariate cumulative distribution function,   ζ =  1   1 + 2 γ ρ +  γ 2       and    ρ ˜  = ζ  ( γ + ρ )   . We estimate our above described RUMBOP model, within the R statistical software [105], using the package MCMCglmm [106], which we now describe below.




3.3. Model Estimation


Because the RUMBOP model as described in Equations (1)–(5) is just a special case of Generalized Linear Mixed Models (GLMMs) with a probit link function on each of the two outcomes, we adapt the Markov Chain Monte Carlo GLMMs framework by [106] to estimate our model. To achieve this, we stack the latent utilities that adolescent students’ derive from the biosphere (ecosystem services, sustainability)   y  1 i  *  , and science-based disease prevention   y  2 i  *  , into a single column vector    Y *  =  (  y  1 i  *  ,  y  2 i  *  )    with


   Y *  = X β + Z u + e  



(6)




where  X  and  Z  represent respectively the design matrices relating the fixed and random explanatory variables to the latent utilities, with associated parameter vectors   β ∼ N (  β 0  , B )  , and   u ∼ N ( 0 , G )  .  e  is the vector of residuals and assumed to be distributed   e ∼ N ( 0 , R )  .



The joint probability distribution of the location effects   ( β   and   u )   and the residuals   ( e )   is therefore multivariate normal:


      β     u     e     ∼ N           β 0      0     0     ,     B   0   0     0   G   0     0   0   R           



(7)




where the expected variance-covariance matrices of the fixed effects, random effects and residuals are respectively  B ,  G  and  R . These are typically unknown, and therefore estimated from the data. The off-diagonal matrices of zeros indicate the prior independence between  B ,  G  and  R .



Typically, parameter estimation for GLMMs involves maximum likelihood (ML) or variants of ML. The solutions are usually iterative and numerically intensive. With recent advances in numerical methods and computing power, Bayesian MCMC methods are now providing more efficient alternatives [107]. For maximum likelihood-based solutions see [108]. Here we rely on the Bayesian approach, following [106]. Since all effects are treated as random in the Bayesian perspective, no distinction is made here between fixed and random effects. As in [109], the design matrices   ( W = [ X , Z ] )   and parameters   ( θ =  [  β ′  ,   u  ′  ]  )  , are combined to rewrite Equation (6) as:


   Y *  = W θ + e  



(8)







Because of the intractability in integrating over the random effects [108], and the multi-dimensionality of the choice probabilities, we rely on Bayesian Markov Chain Monte Carlo (MCMC) methods to identify the  θ  parameters. MCMC-based marginalization of the random effects provides a robust alternative strategy for multidimensional integral approximation [110,111].




3.4. Bayesian MCMC Sampling Schemes for Identification of the Model


Using the multivariate representation in Equation (8), the normal prior on the location effects   ( θ )   is single blocked Gibbs sampled using the method of [112] explained below. The variance structures (R and G) with normal conjugate priors, are inverse-Wishart distributed, also single blocked Gibbs sampled. The representation of the variance structures (R and G) in Equation (7) are given by:


  G =  V 1  ⊗  A 1   



(9)




where    V 1  ⊗  A 1    is the expected variance-covariance matrix corresponding to the random effect (CNTRYID) as initially explained in the formulation of Equation (1). The variance-covariance matrices (V) are low-dimensional and are estimated, while the structured matrices (A) are known high-dimensional matrices. The Kronecker product   ( ⊗ )   within component terms allows for between country inter-dependent random effects. Controlling for the between country random variations in student interests, the remaining observed variations are idiosyncratic and accounted for, by the residuals’ variance structure R.



3.4.1. Updating the Latent Utilities from the Biosphere and Science-Based Disease Prevention


For a given adolescent student in our sample, the conditional density of the 2-dimensional vector   Y i *   of latent utilities they derive from the biosphere (ecosystem services, sustainability), and science-based disease prevention is:


  P  (  Y i *  | y , θ , R , G )  ∝  f i   (  y i  |  Y i *  )   f N   (  e i  |  r i    R   / i   − 1    e  / i   ,  r i  −  r i    R   / i   − 1     r  i ′  )   



(10)




where   f N   is the multivariate normal density with specified mean vector and variance-covariance matrix. Hence Equation (10) suggests that the conditional density of the latent utility vector for youth respondent i, is proportional to the product of the conditional distribution of her revealed interests in the biosphere and science-based disease prevention   y i  , given the latent utilities   Y i *   and the probability density of the utility residuals. The 2-dimensional latent vector of utility residuals   e i   for youth respondent i is conditionally distributed normal. The conditioning is on the   2 × ( N − 1 )   residuals associated with the other youth respondents, with the notation   / i   denoting vectors or matrices with the   i  t h    row and or column removed. This conditional distribution takes into account potential correlations between the random disturbances to the utilities that youths derive from the biosphere and science-based disease prevention (see Figure 1).


  P  (  y k *  | y , θ , R , G )  ∝  p i   (  y i  |  y k *  )   f N   (  e k  | 0 ,  R k  )   



(11)




where k denote an index on the blocks of latent propensities with non-zero residual covariances in Equation (8). Since the error terms are assumed to correlate across the two latent utilities for each youth respondent, and also across youths,   ( N ) × ( 2 )   residual correlations are estimated when   k = 1  . As such, the conditional density of each individual latent utility   y  i j  *   for all   i = 1 ⋯ N   and   j = 1 ⋯ 2   is obtained by conditioning each   e  i j    on the remaining   1 + ( N − 1 ) × 2   utility residuals. During the burn-in phase, adaptive methods are used to determine an efficient multivariate proposal density with covariance matrix   ν M  . Using the method of [113], we obtain the scalar  ν  such that the proportion of successful jumps in the Markov Chains is optimal at a rate of 0.23 for the multidimensional vector   y k *   with   k = 1   [114]. The average posterior variance-covariance matrix  M  of the single   2 × N  -dimensional block vector   y k *   with   k = 1   is updated during each posterior sampling iteration following [115].




3.4.2. Location Effects Vector Updating


The vector of location effects   ( θ =  [  β ′  ,   u  ′  ]  )  , which characterizes the impact of the explanatory factors (including digital media consumption) on youths’ derived utilities from the biosphere and science-based disease prevention, is sampled as a block using the methods by [112], involving the solution through Cholesky factorization of the following sparse linear system:


   θ ˜  =   C   − 1     W  ′    R   − 1    ( l − W  θ 🟉  −  e 🟉  )   



(12)




using the R library Csparse [116], where  C  is the sparse matrix (containing primarily zeros) representing the coefficient matrix in the model:


  C =   W  ′    R   − 1   W +       B   − 1     0     0     G   − 1        



(13)




   θ 🟉  =  [  β 🟉 ′  ,   u  🟉 ′  ]    and   e 🟉   are drawn randomly from the multivariate normal posterior distributions:


       β 🟉       u 🟉      ∼ N           β 0      0     ,     B   0     0   G           



(14)




and


   e 🟉  ∼ N  ( W  θ 🟉  , R )   



(15)







We obtain    θ ˜  +  θ 🟉    (see [106], for more details), as a realization from the required probability distribution   P ( θ |  Y *  , W , R , G )  .




3.4.3. Variance-Covariance Structures (G and R) Updating


Following the conditional sampling strategy described in [117], the inverse-Wishart prior distribution provides all required information for estimating the variance-covariance structures G and R. For the  G  structure as represented in Equation (9), the associated matrix sum of squares for the single random effect component assumes the following form:


  S =  ϕ ′    A   − 1   ϕ  



(16)




where each row of the random effects matrix  ϕ  indexes the relevant row/column of  A , and each column of  ϕ  indexes the relevant row/column in  V . Furthermore,  A  and  V  are defined as in Equation (9), and the parameter variance-covariance matrix sampled from the inverse-Wishart prior:


  V ∼ IW (   (  S p  + S )   − 1   ,  n p  + n )  



(17)







With n representing the number of rows in the random effects matrix  ϕ , while   S p   and   n p   represent respectively the sum of squares and degrees of freedom of the inverse-Wishart prior.




3.4.4. Cutoff Points Updating


Because of the ordinal nature of our modeled youths’ revealed preferences (interests) in the biosphere and science-based disease prevention, the methods developed by [118], are used to allow the indirect utilities youths derive from the biosphere and science-based disease prevention, to be updated simultaneously with the cutoff points described in Equations (2) and (3) using a Metropolis Hastings-with-Gibbs sampling update.






4. Results


The results of the analysis are divided into two parts; the first part covers univariate and bivariate descriptive statistics, while the second part covers the econometric findings from the Bayesian Markov Chain Monte Carlo estimation of the RUMBOP model.



4.1. Descriptive Results


The descriptive results in Figure A1 and Table A1 (see Appendix A) show that our sampled youth respondents come from 50 countries worldwide. About 52.38% of them are females, while the remaining 47.62% are males. Their average age is 15.84 years, with a standard deviation of 0.29. Based on immigration status, the greatest majority of the youth respondents (83.27%) are natives of their country of reporting, followed by 9.03% second generation expatriates, and finally 7.70% first-generation. On the basis of grade level in school, the majority of the sampled youth respondents (83.30%) are in 10th grade, followed by 12.02% in 9th grade, 3.65% in 11th grade, 0.67% in 8th grade, 0.27% in 7th grade, and finally 0.08% in 12th grade. The mean value of the standard normalized scale of the index of economic, social and cultural status (ESCS - estimated across all OECD countries and partner countries on the basis of the following variables: the International Socio-Economic Index of Occupational Status (ISEI); the highest level of education of the student’s parents in years of schooling; the PISA index of family wealth; the PISA index of home educational resources; and the PISA index of possessions related to “classical” culture in the family home. See ([99] pp. 339–340) for more details), shows that the average youth respondent in the sample is 0.13 standard deviation above the mean index value across all PISA 2015 respondents. Moreover, Table A1 also show that both parents of the average youth respondent, have at least a post-secondary non-tertiary education, mother (4.50) and father (4.38), based on the UNESCO international standard classification of education. Furthermore, the average youth respondent is at least a regular visitor of ecological websites (3.41), news blogs (3.27) and websites with broad science content (3.06). Finally, Table A1 shows that on average youth respondents are aware of, and somewhat interested in the biosphere (2.28), and science-based disease prevention (2.62).



To understand the unconditional relationships between youths’ frequency of digital media consumption and both their interests in the biosphere (IntBioshp) and that in science-based disease prevention (IntScPrevDis), we perform a series of chi-square tests between each of the three digital media types, and the two ordinal outcome measures. The results of these tests are presented along with the corresponding conditional and unconditional frequency distributions in Table A2 and Table A3 respectively for “IntBioshp” and “IntScPrevDis”. As shown in Table A2 each of the three measures of digital media consumptions (EcoWebVisit, BlogsVisit, and BroadScWeb) are significantly associated with youths’ interest in the biosphere (IntBioshp) since the corresponding p-values for these tests are all less than the 5% significance level. The conditional relative frequency distribution of youth respondents in Table A2 also suggests that globally, more and more youths are consuming at a higher and higher frequency digital media. This latter observation appears to hold for all three measures of digital media consumption- EcoWebVisit (4.5%, 8.9%, 28.5%, 58.1%), BlogsVisit ( 6.5%, 11.8%, 29.3%, 52.5%), and BroadScWeb (7.6%, 15.5%, 39.9%, 37%). Similarly, the conditional relative frequency distribution of youth respondents in the last row of Table A2 suggest that globally, more and more youths are showing higher and higher interests in the biosphere (21.2%, 29.6%, and 49.2%). The chi-square tests results and conditional relative frequency distributions of youth respondents in Table A3 show similar global patterns as above described, for higher and higher youths’ interests in science-based disease prevention.




4.2. Econometric Results


For our MCMC estimation, of the RUMBOP model, we defined 50,000 iterations of the algorithm with a burn-in period of 15,000 iterations, and a thinning interval of 10 iterations. This has led to an effective random sample of 3500 Markov draws, which were then used to estimate the parameters of the model, along with their 95% confidence intervals (CI). The presentation of these econometric results is divided into five sub-sections; the first subsection covers the interval and point estimates for the random effects, residuals and cutoff points in the RUMBOP model. The second subsection focuses on describing the effects of digital media consumption on youths’ interests in the biosphere (ecosystem services and sustainability). The third subsection describes the effects of digital media consumption on youths’ interests in science-based disease prevention. The fourth subsection focuses on describing the impacts of the socio-economic and demographic control variables on youths’ interests in the biosphere, while the fifth subsection focuses on describing their impacts on youths’ interests in science-based disease prevention.



4.2.1. Random Effects, Residuals and Cutoff Points Estimates


The results of the random country variations in adolescent students interests in the biosphere (IntBiosph) and science-based disease prevention (IntScPrevDis) are summarized in Table A4 Since the 95% confidence intervals on the estimated posterior mean values 0.41 (with CI [0.20; 0.69]), and 0.15 (CI [0.09; 0.23]) are void of zero, we conclude their statistical significance at the 5% level. These results indicate significant cross-country heterogeneity in youths’ planetary health interests. Accounting for these random country level disturbances, all remaining variations in youths’ interests in the biosphere and science-based disease prevention are idiosyncratic, and described by the residuals’ variance-covariance matrix as summarized in Table A5.



The estimated residuals’ variance-covariance matrix in Table A5 shows that globally, the conditional variance of youths’ interests in the biosphere (ecosystem and sustainability) is 2.09 (with 95% CI [1.84; 2.40]), while the conditional variance of their interests in science-based disease prevention is lower at 1.58 (with 95% CI [1.31; 1.81]). Similarly, Table A5 shows a positive and significant covariance value of 1.52 (with 95% CI [1.45; 1.62]) between youths’ interests in the biosphere (IntBiosph), and their interests in science-based disease prevention (IntScPrevDis). This latter result suggests that the more interested adolescent students are in ecosystem services and sustainability, the more interested they tend to also be in science-based disease prevention. Using the estimated covariance value, along with the two estimated variances, we calculate the corresponding correlation coefficient between “IntBiosph” and “IntScPrevDis” to be    ρ ^  = 0.8353    [ 1.52 /  (   2.09   ∗   1.58   )  ]  , which indicates a strong positive linear relationship between the two outcomes variables (or dimensions of youths’ planetary health interest). The MCMC estimates for the cutoff points   μ 2   and   δ 2   as previously discussed in Equation (3), are summarized in Table A6, and show that     μ 2  ^  = 1.56   (with 95% CI [1.50; 1.64]) while     δ 2  ^  = 1.02   (with 95% CI [0.97; 1.07]).




4.2.2. Digital Media Consumption and Youths Interests in the Biosphere


The results of the effects of digital media consumption on adolescent students’ interests in the biosphere are summarized in the first two columns of Table A6, and suggest that digital media consumption significantly influence youths’ interests in the biosphere (ecosystem services and sustainability). However, the effects of all three measures of youths’ digital media use frequency (EcoWebVisit, BlogsVisit, BroadScWeb) are respectively negative (−0.2; −0.21; and −0.34), indicating that each level increase in youths’ reported frequency of ecological websites visits, news blogs visits, and web-browsing on broad science, reduce respectively by 20% (with 95% CI [−0.22; −0.18]), 21% (with 95% CI [−0.23; −0.19]) and 34% (with 95% CI [−0.36; −0.32]) their interests in the biosphere (ecosystem services and sustainability).




4.2.3. Digital Media Consumption and Youths Interests in Science-Based Disease Prevention


The results of the effects of digital media consumption on adolescent students’ interests in science-based diseases prevention, are summarized in the last two columns of Table A6, and appear to be mixed. In fact, each level increase in youths’ reported frequency of ecological website visits increases by 3% (with 95% CI [0.02; 0.05]) their interests in science-based disease prevention. In contrast, each level increase in youths’ reported frequency of news blogs visits, and web-browsing on broad science, both reduce by 11% (with 95% CI [−0.12; −0.09]) and 26% (with 95% CI [−0.28; −0.24]) respectively, their interests in science-based disease prevention.




4.2.4. Control Variables and Youths Interests in the Biosphere, and Science-Based Disease Prevention


The results of the effects of the control variables on adolescent students’ joint interests in the biosphere, and science-based disease prevention are summarized in Table A6. These results show that annual increases in adolescent students’ age impact positively their interests in both the biosphere by 20% (with 95% CI [0.18; 0.22]), and science-based disease prevention by 18% (with 95% CI [0.16; 0.19]). Similarly, each level increase in adolescent students’ grade in school increases their interests in both the biosphere and science-based disease prevention by 13% (with 95% CI [0.11; 0.15]). Furthermore, each level increase in youth’s paternal education raises youths’ interests in both the biosphere, and science-based disease prevention by 1% (with 95% CI [0.001; 0.02]). Conversely however, a level increase in youth’s maternal education, appears to adversely impact youth’s interests in both the biosphere by 3% (with 95% CI [−0.10; −0.02]) and science-based disease prevention by 2% (with 95% CI [−0.03; −0.01]). The coefficient estimates for the effect of gender suggest that compared to female adolescent students, males have 16% less interest in the biosphere (with 95% CI [ −0.19; −0.15]), and 53% less interest in science-based disease prevention (with 95% CI [−0.59; −0.49]).



Now turning to the estimated effects of immigration status, Table A6 shows that compared to youth respondents that are natives of their reporting country, first-generation youth immigrants/expatriates have 6% less interest in ecosystem services and sustainability (with 95% CI [−0.10; −0.02]), while having 16% more interest in science-based disease prevention (with 95% CI [0.11; 0.20]). Conversely however, compared to native students, second generation youth expatriates have respectively 9% (with 95% CI [0.05; 0.13]) and 17% (with 95% CI [0.13; 0.21]) more interests in the biosphere, and science-based disease prevention. Finally, a one standard deviation increase in youths’ normalized index of socio-economic, social, and cultural status is found to increase their interests in the biosphere by 16% (with 95% CI [0.14; 0.17]), and that in science-based disease prevention by 14% (with 95% CI [0.12; 0.16]).






5. Discussion


The recent outbreak and still ongoing experience of the COVID-19 pandemic [11], has demonstrated the cross-country inter-dependence of health systems, food systems and supply chains globally. In doing so, the pandemic offered humanity the opportunity to shift perceptions to a more holistic view of health [19]; a planetary view in line with the ecological public health framework, which recently emerged due to the growing evidence of the complex relationships between human health and the environment [16].



With the desire to address the challenges of how best to protect and promote human health in an era of global earth’s systems disruptions from human activities, coupled with increased digital media consumption; the present study relied on the concept of “planetary health” to investigate the potential of strategically designed and digitally mediated socio-ecological communications, to enhance society’s (through its youths) long-term ability to address appropriately ongoing health and ecological crises. To this end, we first operationalized “youths’ planetary health interests” using both “their interests in the biosphere (ecosystem services and sustainability)”, and “their interests in science-based disease prevention”, allowing us to formulate and test four hypotheses. The first three hypotheses (H1 H2 and H3) together implied that frequent use of digital media by the youths globally, positively influenced their planetary health interests. The fourth hypothesis (H4) however, addressed the underlying feedback relationship assumed between human health and the environment under the ecological public health view. Our analysis contributed to the scientific literature in two ways: (i) methodologically, by introducing a random utility-based bivariate ordered probit (RUMBOP) model, which innovates on the previously used models to study sustainability; and (ii) practically, by providing new insights of practical relevance for evidence-based sustainable policy making, not just at national, or global level, but at the planetary level.



Our findings revealed a statistically significant impact of digital media consumption on adolescents’ interests in the biosphere. Indeed, all three measures of digital media consumption (in the form of increased frequency of ecological website visits, news blogs visits, and web-browsing on broad science) significantly influenced youths’ interests in ecosystem services and sustainability. However, these effects appeared negative suggesting a reduction rather than an increase in youths’ interests in the biosphere. Similarly, our findings highlighted a reduction in youths’ interests in science-based disease prevention, from their increased frequency of news blogs visits and web-browsing on broad science. Conversely, increased frequency of ecological website visits was found to positively influence youth’s interests in science-based disease prevention.



Together, the results seem to indicate that in their current state of use, digital media in the form of ecological websites, news blogs, and broad science web-contents are unsuccessful at galvanizing youths’ interests in the biosphere (ecosystem services and sustainability). Even more problematic they contribute to youths’ being less interested in the state of the natural systems on which their well-being depends on. Furthermore, at the exception of ecological websites which appear successful at nurturing youths’ interests in science-based disease prevention, the remaining two digital media (news blogs, broad science web-content) contribute to youths’ being less interested in science-based disease prevention. Overall, our findings seem to indicate that if digital media (in the form of ecological websites, news blogs, and broad science web-content) were to maintain their current (2015) influence on youths’ interests in ecosystem services, sustainability and science-based disease prevention, then they would be contributing to reduce youth’s planetary health interests globally. The long-term consequences of which, in terms of the set 2030 agenda for sustainable development, would eventually be undesirable for nations.



Our findings corroborate the results in [119], which reports that limited quality, interactivity and readability of 69 adolescent-directed Australian-based websites with health promotion contents, are limiting their effectiveness. Our results also align with the “double-edged-sword” characterization of digital media, when used among youths in a residential treatment setting [120]. However, our findings come as a contrast to [121,122], which report digital media to offer exciting new means for engaging and communicating with adolescents and young adults, for the purposes of providing appropriate intervention and education. Perhaps the digital media under consideration in our present analysis (ecological websites, news blogs, and broad science web-content), are yet to catch up with this potential, by strategically designing and diffusing appropriate socio-ecological communications that adequately target the global youth population [92].



In addition to the above-discussed results, our analysis also showed a statistically significant strong and positive correlation (0.835) between adolescent students’ interest in the biosphere (ecosystem services and sustainability) and their interest in science-based disease prevention. This somewhat strong positive dependence between the two dimensions of youths’ planetary health interests further support the dynamic relationship between the well-being of the human civilization, and the state of the natural systems on which its depends [20]. It also confirms the appropriateness of the holistic view of health as embraced in the “ecological public health framework” [5] and “planetary health” view [9].



Overall, consistent with [50], our study shows that digital media has heterogeneous effects on youths’ interests, depending on the digital media type under consideration. This is further consistent with the diverging reports in the literature over the effect of digital media on adolescent’s well-being [66,123,124]. Although the literature has mainly focused on digital media effects on youths’ well-being in terms of academic performance [125], physical [126], psychological [127], socio-neurological [128], and mental [129] health outcomes. By focusing here on its effects on youth’s planetary health interest, the current analysis can extend this strand of literature in a meaningful fashion. This is because increased youths’ planetary health interest should contribute to early commitments to science-based health preservation through disease prevention, and ecological conservation by the younger generation. This latter would be key to achieving a socio-economic development that is sustainable at the planetary level.



Furthermore, recall that male adolescents were found to be less interested in both the biosphere and science-based disease prevention compared to their female counterparts. This latter result suggests the presence of a gender-based gradient in youths’ planetary health interest, in favor of the female gender. Although our study is pioneering this latter reported finding within the context of the two dimensions of planetary health, some of its sub-dimensionality do align with the gendered nature of ecosystem services already reported in the ecological economics literature [130]. Indeed, Using a heuristic device of the “ecosystem-wellbeing chain” to empirically investigate how women and men are able to benefit from ecosystem services across eight communities in coastal Kenya and Mozambique [131], reported significant gender-based differences across several key aspects such as the division of costs and benefits of ecosystem services, knowledge systems, behavioral expectations, institutions, and access to resources. Our results of the effects of parental education on the two dimensions of youth planetary health interests, further confirm the above-discussed gendered effects. Indeed, while increased paternal education appears to unilaterally be raising adolescents students’ interest in both the biosphere (ecosystem services and sustainability) and science-based disease prevention, the reverse seems to be observed for increased maternal education.



As previously mentioned in ([100] p.17), when explaining gender-based differences in parental education’s influence on youths’ technological awareness and expectations within the North American Free Trade Bloc, it could be that past differences in occupational preferences lifestyle values, and field-specific beliefs between men and women worldwide, translated into women globally taking less interests, and therefore specializing less in Science Technology, Engineering, and Mathematics (STEM) fields than men. Despite recent years reported closures of this gap by females in some markets [132], such greater exposure to science for men globally than women in the past, could have potentially contributed to the observed gender-based knowledge gaps on the biosphere and science-based disease prevention at the parental level. In turn, such gendered knowledge gaps could have led to the observed diverging influences of parental education on adolescents’ interests in planetary health in general, and ecosystem services in particular as reported in [131]. Indeed such, conjecture finds theoretical support from “Expectancy-value theory” that suggests psychological processes in children and adolescents take place within lager ecological systems such as biological and socio-cultural, which are also linked among others to gender socialization, social stratification, and behavior genetics [133]. Though parental influence is paramount due to parents direct influence on their children prior conception, during pregnancy and childhood, through educational activities and programs that provide the foundations on which later adolescents’ health and ecological interests might reside [132]. As such, a couple of policy recommendations can be formulated as presented next.




6. Conclusions


6.1. Implication


Most environmental communication studies approach the issue of pro-environmental behavior from a reactive policy standpoint, suggesting behavioral changes in reaction to ongoing environmental crises. Reactive policies however, including those driven by crises, tend to have transitory effects and therefore are typically unsustainable, especially in an ever-evolving human-ecological system. Our current “problematization” [134] departs from the reactive standard by positing that socio-economic development, which address the well-being of humanity, while taking into account the biological sphere that makes human life possible, is best achieved proactively at the grassroots level, i.e., by early conditioning of children and adolescents interests in science-based health preservation, and ecological conservation at the planetary scale, through strategic socio-ecological communications delivered via digital media.



Our results showed that in their current state of use, only ecological websites appear successful at achieving this outcome, perhaps because of the quality of their socio-ecological contents. Therefore improving these contents could contribute to reversing the observed negative impacts of the studied digital media on youths’ interests in the health of the planet. To further increase the effectiveness of the proposed actions, a global improvement in youths’ understanding of digital media and its usage might also prove to be useful [135]. One way to achieve this could be through programs of Digital Education for Sustainable Development (DESD), which could be formalized in several ways, so that each DESD program reflects the unique environmental, social and economic conditions of its locality. In doing so, DESD programs could encourage youths’ behaviors, which in the long run create a more sustainable future in terms of environmental integrity, economic viability, and a just society for present and future generations.



Open source innovative digital platforms [136] could also ensure the needed global cooperation and coordination of the socio-ecological discourse with high enough elaboration to engage the central route processing [137] of every member of the global community (and especially the youths) [138,139]. This latter recommendation finds theoretical support in the Elaboration Likelihood Model (ELM) [90], which predicts more resilient health and environmental attitudes and action tendencies as each member of society is able to consider the evidence from the openly diffused arguments and counter-arguments of socio-ecological discourses.




6.2. Limits and Future Research Topic


Despite the significant methodological contributions and insightful practical findings and suggestions, our current study presents a few limitations that contextualize our reported results. First, there is a very limited representation of youth respondents from the African continent in the data at the moment. Second, by being observational in nature, and relying on a retrospective cross-sectional design our study is also limited in its choice of digital media, which were circumscribed to ecological websites, news blogs, and broad science web-contents. A third limitation lies in our characterization of the two dimensions of youths’ planetary health interests, which was achieved through two ordinal scale measurements, one for each dimension. Future investigations might benefit from using other digital media including social media, in an experimental setting to examine prospectively the influence of digital media consumption on youths’ planetary health interests. In doing so, prospective investigations might gain further by not only relying on data covering youth respondents from all continents, but also using composite indicators of youths’ interests in health preservation and ecological conservation to provide a more robust characterization of youths’ planetary health interests.
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Figure A1. Spatial Distribution of youth respondents count across countries. (Source: The authors own construction; Dynamic web link available at: https://rpubs.com/brassbe1982/PHcount). 
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Table A1. Summary Description of the Variables used in the Econometric Modeling. (N = 187,821).
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	Quantitative Variables
	(Means and Standard Deviations)
	Mean
	s.d.





	(Dependents)
	
	
	



	IntBiosph
	Level of interest in Ecosystem services and Sustainability (Biosphere)
	
	



	
	1: Unaware and Not interested, 2: Hardly Interested,
	2.28
	0.79



	
	3: Aware and Interested;
	
	



	IntScPrevDis
	Level of Interest in how science can help prevent disease;
	
	



	
	1: Unaware and Not interested, 2: Hardly Interested,
	2.62
	0.68



	
	3: Aware and Interested;
	
	



	(Digital Media Diet)
	How often student do the following:
	
	



	
	1—never or Hardly, 2—sometimes, 3—regularly, 4—very often.
	
	



	EcoWebVisit
	 ↪ Visit Ecological Websites
	3.41
	0.82



	BlogsVisit
	 ↪ Follow news via blogs
	3.27
	0.91



	BroadScWeb
	 ↪ Visit websites on broad science
	3.06
	0.91



	(Socio-Economic)
	
	
	



	AGE
	Student’s age
	15.84
	0.29



	WEALTH
	Student’s family wealth index value
	0.14
	1.34



	ESCS
	Standardized Index of economic, social and cultural status
	0.13
	1.14



	MISCED
	Student’s Mother Education level
	4.50
	1.66



	FISCED
	Student’s Father Education level
	4.38
	1.65



	WFSTUWT
	Student final weight in the Data
	161.61
	240.95



	Qualitative Variables
	(absolute and percent relative frequencies)
	Abs. Freq.
	Rel. Freq.



	(Demographic)
	
	
	



	Gender
	Gender:
	
	



	
	 1—Female
	9419
	52.38



	
	 2—Male
	8562
	47.62



	IMMIG
	Student Immigration status:
	
	



	
	 1—Native
	14,973
	83.27



	
	 2—Second-generation
	1623
	9.03



	
	 3—First-generation
	1385
	7.70



	GradeLev
	Student grade level in school:
	
	



	
	 7th grade
	49
	0.27



	
	 8th grade
	121
	0.67



	
	 9th grade
	2161
	12.02



	
	 10th grade
	14,979
	83.30



	
	 11th grade
	657
	3.65



	
	 12th grade
	14
	0.08



	CNTRYID
	Unique Identifier for each of the 50 countries
	
	



	
	 (used to capture the country-specific effects
	
	



	
	 with Australia representing the reference country)
	
	



	
	 (see Figure A1 for its absolute frequency distribution)
	
	







Source: Authors’ construction using the published data [89].
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Table A2. Chi-square test results with conditional and relative frequency distributions in % for “IntBioshp”.
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IntBioshp

	
Rel. Freq.

	

	
Chi2 Test

	




	

	

	
1

	
2

	
3

	

	
X-sq Stat

	
df

	
p-Value






	
EcoWebVisit

	
1

	
20.3

	
14.7

	
65

	
4.5

	
12,355 ***

	
6

	
<2.2 ×  10  − 16   




	
2

	
13.2

	
19.7

	
67.1

	
8.9




	
3

	
11.7

	
26.3

	
62

	
28.5




	
4

	
27.2

	
33.9

	
38.9

	
58.1




	
BlogsVisit

	
1

	
17.2

	
16.4

	
66.4

	
6.5

	
12,696 ***

	
6

	
<2.2 ×  10  − 16   




	
2

	
11.4

	
21.8

	
66.8

	
11.8




	
3

	
13.1

	
28.2

	
58.7

	
29.3




	
4

	
28.4

	
33.8

	
37.8

	
52.5




	
BroadScWeb

	
1

	
17

	
19

	
64

	
7.6

	
13,049 ***

	
6

	
<2.2 ×  10  − 16   




	
2

	
12.5

	
24.1

	
63.4

	
15.5




	
3

	
15.1

	
30.2

	
54.7

	
39.9




	
4

	
32.2

	
33.5

	
34.3

	
37




	
Rel. Freq.

	

	
21.2

	
29.6

	
49.2

	

	

	

	








Source: Authors’ construction using the published data [89]; *** p < 0.001.
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Table A3. Chi-square test results with conditional and relative frequency distributions in % for “IntScPrevDis”.






Table A3. Chi-square test results with conditional and relative frequency distributions in % for “IntScPrevDis”.





	

	

	
IntScPrevDis

	
Rel. Freq.

	

	
Chi2 Test

	




	

	

	
1

	
2

	
3

	

	
X-sq Stat

	
df

	
p-Value






	
EcoWebVisit

	
1

	
16.9

	
9.3

	
73.7

	
4.5

	
3097.6 ***

	
6

	
<2.2 ×  10  − 16   




	
2

	
10.3

	
11.4

	
78.3

	
8.9




	
3

	
6.9

	
13.2

	
79.9

	
28.5




	
4

	
12.8

	
18.1

	
69.1

	
58.1




	
BlogsVisit

	
1

	
14.7

	
9.3

	
76.1

	
6.5

	
3925.7 ***

	
6

	
<2.2 ×  10  − 16   




	
2

	
8

	
11.1

	
80.9

	
11.8




	
3

	
7

	
13.7

	
79.3

	
29.3




	
4

	
13.6

	
18.7

	
67.7

	
52.5




	
BroadScWeb

	
1

	
13.9

	
10

	
76.1

	
7.6

	
5960.5 ***

	
6

	
<2.2 ×  10  − 16   




	
2

	
7.9

	
11.2

	
80.9

	
15.5




	
3

	
7.1

	
14.6

	
78.3

	
39.9




	
4

	
16.1

	
20.1

	
63.8

	
37




	
Rel. Freq.

	

	
11.1

	
15.7

	
73.2

	

	

	

	








Source: Authors’ construction using the published data [89]; *** p < 0.001.
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Table A4. Posterior estimates with 95% CI for the random country variations in students Interests.






Table A4. Posterior estimates with 95% CI for the random country variations in students Interests.





	
Dependent Variables

	
CNTRYID




	

	
Posterior Mean

	
(95% CI)






	
IntBiosph

	
0.41

	
(0.20; 0.69)




	
IntScPrevDis

	
0.15

	
(0.09; 0.23)








Note: These correspond to the point and interval estimates of the G-structure.
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Table A5. MCMC estimates of the residual variance-covariance matrix for the BOP model of students Interests.






Table A5. MCMC estimates of the residual variance-covariance matrix for the BOP model of students Interests.





	

	
Posterior Mean

	
(95% CI)






	
Variance of “IntBiosph”

	
2.09

	
(1.84; 2.40)




	
Covariance between “IntBiosph” and “IntScPrevDis”

	
1.52

	
(1.45; 1.62)




	
Variance of ”IntScPrevDis”

	
1.58

	
(1.31; 1.81)




	
Correlation Coefficient

	
  ρ ^   = 0.8353








Note: This corresponds to the point and interval estimates of the R structure.
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Table A6. MCMC estimates of the fixed effects along with their 95% CI for the BOP model of students Interests.






Table A6. MCMC estimates of the fixed effects along with their 95% CI for the BOP model of students Interests.





	
Units

	
IntBiosph

	
IntScPrevDis




	
Fixed Effects

	
Posterior Mean

	
(95% CI)

	
Posterior Mean

	
(95% CI)






	
Digital Media

	

	

	

	




	
EcoWebVisit

	
−0.2

	
(−0.22; −0.18)

	
0.03

	
(0.02; 0.05)




	
BlogsVisit

	
−0.21

	
(−0.23; −0.19)

	
−0.11

	
(−0.12; −0.09)




	
BroadScWeb

	
−0.34

	
(−0.36; −0.32)

	
−0.26

	
(−0.28; −0.24)




	
Control Variables

	

	

	

	




	
AGE

	
0.2

	
(0.18; 0.22)

	
0.18

	
(0.16; 0.19)




	
Gender_Male

	
−0.16

	
(−0.19; −0.15)

	
−0.53

	
(−0.59; −0.49)




	
GradeLev

	
0.13

	
(0.11; 0.15)

	
0.13

	
(0.11; 0.15)




	
IMMIG

	

	

	

	




	
First Gen

	
−0.06

	
(−0.10; −0.02)

	
0.16

	
(0.11; 0.20)




	
Second Gen

	
0.09

	
(0.05; 0.13)

	
0.17

	
(0.13; 0.21)




	
MISCED

	
−0.03

	
(−0.03; −0.02)

	
−0.02

	
(−0.03; −0.01)




	
FISCED

	
0.01

	
(0.001; 0.02)

	
0.01

	
(0.001; 0.02)




	
ESCS

	
0.16

	
(0.14; 0.17)

	
0.14

	
(0.12; 0.16)




	
Cutoff points

	
1.56

	
(1.50; 1.64)

	
1.02

	
(0.97; 1.07)




	
MCMC Algorithm specification

	

	

	

	




	
Number of Iterations

	
50,000




	
Burn-in period

	
15,000




	
Thinning interval

	
10




	
Effective Sample Size

	
3500
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Figure 1. Random Utility-Based Conceptual Framework of Youths’ Planetary Health Interest. Note that the orange links are the tested relationships in the present analysis; The blue links are structural relationships; while the dotted red link is a measurement relationship linking latent utilities to revealed interests in health and the biosphere. 
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