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Introduction

Adopted in 2015, the United Nations Sustainable Development Goals (SDGs) aim to end poverty,
protect the planet, and ensure that all people enjoy peace and prosperity by 2030. To achieve these goals,
an approach of sustainable digitalization that accounts for individual health and well-being as well as
minimizes the environmental impact of technology use is important. Referred to as the use of digital
technologies in a way that supports environmental, social, and economic sustainability, sustainable
digitalization may encompass such action areas as the use of renewable energy sources to power digital
infrastructure, the design of digital products and services that reduce waste and conserve resources, and
steps to ensure digital technologies are accessible and inclusive for all. Indeed, digital technologies and
applications are playing an increasingly important role in our everyday life. For example, it is predicted
that in 2023, the number of smartphone users will reach 6.8 billion globally (Statista, 2023b). In a similar
vein, the popularity of social media platforms is booming, with the average daily time spent on social
media reaching 2 hours and 27 minutes worldwide (Statista, 2023a). Spurred by the pandemic, work
practices are getting increasingly digital, with the number of Zoom users reaching 300 million users
daily as of 2022 (Zippia, 2023).

So far, this growing trend toward digitalization has brought many benefits, including improved access
to information and resources (DragiCevi¢ et al., 2022), increased efficiency (Hole et al., 2021), and
improved approaches to waste management (Kurniawan et al., 2022). However, some areas still require
further attention on our way toward achieving a more sustainable global future. For example, aspects
surrounding the environmental impact of digital technologies need to be critically discussed. Indeed, the
production and disposal of electronic devices can cause pollution and waste (Notley, 2019; Manisalidis
et al., 2020). Further, the energy consumption of digital systems can further contribute to environmental
damage. There is also a concern about the effects of electronic waste on human health, as many
electronic devices contain toxic materials that can be harmful if not properly disposed of (Saha, 2014).
Additionally, in the context of digital use, potential adverse effects of increased screen time on mental
and physical health have been debated. For example, studies have shown that excessive use of digital
devices is associated with poor sleep (Martin et al., 2021) and being overweight (Fang et al., 2019), as
well as may contribute to depression and anxiety (Meier & Reinecke, 2021). At the same time, we can
observe positive outcomes of digital technology use, as seen in increases in social capital and support
(Meier & Reinecke, 2021) or in the effectiveness of health interventions delivered through social media
(e.g., Laranjo et al., 2015; Mabher et al., 2014). Altogether, the relationship between users, environment,
and digital technology is highly complex. Considering the guiding role of the SDGs, this underlying
complexity calls for more attention as to how digitalization influences individual, environmental, and
societal aspects. Against this background, this expert opinion touches upon several areas for
improvement related to users' well-being and the environment in the context of digital use.

The remainder of this paper is structured as follows. Section 2 focuses on the implications of social
media use, harmful communication and interactions in the digital sphere, and issues of healthy child
development in the context of digital use. Finally, section 3 is concerned with sustainable digitalization
and its role in limiting the impact on the environment.

Sustainable Digital Sphere: Cultivating the Benefits — Mitigating the Risks

Towards a Better Understanding of the Implications of Social Media Use

The growing popularity of social media platforms inevitably raises questions concerning the influence
of these platforms on users' well-being, perceptions, and behavior. In this regard, well-being constitutes
an umbrella term comprising a variety of outcomes, including risk and resilience factors that contribute
to well-being. In the research discourse, subjective (i.e., the balance of positive and negative affect,
satisfaction with life; Diener 1984) and psychological well-being (i.e., growth and reaching one’s full
potential; Ryan & Deci, 2000) but also additional well-being related factors, such as loneliness, stress,
self-esteem, and fatigue, just to name a few, have been in the focus of scholarly attention.

So far, research on social media and well-being is still in development. Early (mainly correlational)
research has linked social media use to a variety of positive and negative outcomes, ranging from
enhancements in social capital (Ellison et al., 2007), improved communication, and feelings of social
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connectedness (Koroleva et al., 2011), to exhaustion and fatigue (Bright et al., 2015), and depressive
and anxious feelings (Liu et al., 2019).

In the meantime, building on the accumulated research evidence, meta-studies have started to emerge.
So far, their findings remain inconclusive. Whereas some meta-reviews indicate a small negative effect
(e.g., Meier & Reinecke, 2021; Yoon et al., 2019), others report inconsistent results (e.g., Valkenburg
etal., 2021) and stress the importance of person-specific effects (Beyens et al., 2020, 2021) (e.g., Beyens
et al. 2020; Beyens et al. 2021). For example, a recent study by Beyens et al. (2020) suggests that effects
of social media use may vary from person-to-person: whereas 10% of adolescents in their sample felt
worse, 46% felt better, and 44% did not experience changes in their affective well-being as a
consequence of social media use. Results of experimental interventions mainly targeted at the reduction
of social media use provide further relevant evidence: In these studies, abstinence from social media has
been linked to small improvements in subjective well-being (Allcott et al., 2020; Tromholt, 2016),
decreases in loneliness (Hunt et al., 2018), depression (Mosquera et al., 2020) and stress (Vanman et al.,
2018). At the same time, two experimental studies in this domain have shown either mixed results
(Vanman et al., 2018) or no effect (Hall et al., 2021).

As such, the outcome of social media exposure may depend on a variety of factors, including users’
demographics, personality predispositions, and psychological states, the nature and extent of activities
they engage in, the underlying motives of use, the parties they communicate with on these platforms,
and the specifics of content they are exposed to (Yang et al., 2021). For example, exposure to images of
people with idealized body types can trigger unfavorable social comparisons leading to undesirable
internalization of such ideals (Holland & Tiggemann, 2016). In this context, a recent meta-study into
the role of users' exposure to appearance-ideal images on social media reports a moderate negative effect
on respondents' body image (de Valle et al., 2021).

At the same time, excessive usage of social media platforms by itself is a cause of concern. For example,
arecent meta-analysis by Huang (2022) reports moderate correlations between problematic social media
use and such markers of users’ well-being as depression and loneliness. At the same time, a large-scale
survey among adolescents found that 4.5 percent are at least susceptible to problematic usage tendencies
(Banyai et al., 2017). Importantly, such undesirable behavioral tendencies get amplified by specific
social media design characteristics that hook individuals to the respective platform. For example, the
constant reloading of a news feed may tap into users' urge to complete a specific unit of something ("unit
bias"), potentially keeping users on the platform longer than intended. In light of these effects, user-
friendly platform designs preventing such undesirable developments are essential.

Next to well-being, social media participation and, thereby, exposure to information shared on those
platforms may exert influence on individual perceptions and behaviors. For example, exposure to (often
one-sided and thereby biased) social media content may influence individuals' perceptions of themselves
and others. For example, led to believe that others have it better (Chou & Edge, 2012), users have been
shown to engage in conspicuous consumption (and thereby overspending) (Krause et al., 2019a) and
negative communication (Krause & Baumann, 2021). Little-by-little, minute changes in perceptions on
the individual level may cause opinion shifts affecting the society at large. Already now, ongoing
research and media coverage portrays Social Media platforms as a breeding ground for polarization
(Allcott & Gentzkow, 2017) and hate speech (Mondal et al., 2017). These issues can be aggravated by
the proliferation of algorithmically designed "echo chambers", in which people may become
increasingly isolated from different viewpoints and opinions (Allcott & Gentzkow, 2017). In this
context, increasing social media literacy and awareness of users as to the biased nature of social media
content may be an effective measure in counteracting these undesirable developments (Saiphoo &
Vahedi, 2019).

At the same time, social media platforms offer an untapped potential to do good. Meta-studies indicate
social media's potential to facilitate bridging and bonding social capital (D. Liu et al., 2016), including
being a resource of informational and social support (D. Liu et al., 2018). Further, extant meta-reviews
report on the effectiveness of social media interventions on healthcare-related behavioral outcomes (e.g.,
Laranjo et al., 2015; Mabher et al., 2014). For example, access to social media communities (e.g.,
Facebook groups) providing information as well as interaction and exchange possibilities with others
has been shown to have a positive effect on fitness aspirations (Foster et al., 2010) and weight loss (Ma
et al., 2010). In this context, however, the spread of fake news via social media cannot be ignored and
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needs to be closely monitored. Hence, improving the quality of health information on social media
platforms should be a priority for both policy-makers and platform providers (Melchior & Oliveira,
2022).

Finally, it is worth mentioning that inconsistencies in the reported findings and the lack of conclusive
evidence in this domain can be linked to the measurement issues research encounters. So far, an
overwhelming majority of studies that link social media use to indicators of users' well-being has relied
on self-reported measures of social media use. However, recent advancements have questioned the
validity of this approach, providing evidence for the discrepancy between self-reported and the actual
media use (Parry et al., 2021). In this context, the ability to collect objective data as to the specifics of
social media use (e.g., time on site, frequency of use, engagement in certain actions, communication
with specific social ties) holds major potential for gaining more clarity in this research domain.

Against this background, the following recommendations might be useful:

Enhancing Social Media Literacy: As social media is a tool that is here to stay and considering that
research also continuously observes positive facets of using those platforms in dependence on, amongst
others, individual- and context-dependent factors, it is crucial to educate the broader public on how to
leverage the individual and social value of these platforms while minimizing their potential for
detrimental outcomes. In this context, promoting social media literacy will support users in critically
evaluating online content. Thereby, it may help debias users' distorted perceptions, safeguard users'
privacy, allow users to recognize when they are being manipulated or deceived, and thereby protect
them against the harmful impact of misinformation. Against this background, further research is also
needed to better understand the effectiveness of such interventions (including their different forms and
formats) across different population segments.

Avoiding Dark Design Features: The time users spend on social media platforms should not be the
direct function of specific design features (e.g., endless scrolling). Instead, it should be determined by
the value of the content users receive. Therefore, individuals should be given more control in this area
(e.g., via an easily accessible non-algorithmically curated news feed option). By requesting platforms to
offer their users a news feed option not based on profiling, the Digital Service Act makes a positive step
towards greater user empowerment. Furthermore, as social media represents an important source of
information for various demographics, extending efforts to verify and link to curated and research-
supported information for sensitive topics (e.g., healthcare) is advisable.

More Research Using Objective Measures: So far, the majority of studies that link social media use to
metrics of users' well-being has relied on self-reported measures of social media use. At the same time,
retrospective self-reports may suffer from recall bias and measure the "perceived use", instead of an
actual one. For example, Sewall et al. (2020) found that correlations between estimated use and well-
being outcomes were consistently stronger than in the case of actual use. Considering the evident
discrepancies between self-reported and objective measures of media use (Parry et al., 2021), more
studies are needed that utilize objective measures (Madigan et al., 2020). In this context, it is important
to facilitate access to objective data for research purposes. Further, initiatives on (social media) data
donations to support research in this important area need to be further developed and facilitated.

Living Lab and Collaborations with Social Media Providers: Linked to the previous recommendation,
we call for more research collaboration between platform providers and research community. Those can
include researcher-in-residence programs or take the form of living labs. In this context, the Digital
Service Act taps into a meaningful direction by regulating data access options for research. However,
further opportunities for data access and collaborative research need to be made available to facilitate
progress in this area to the benefit of platform users and society at large.

Preventing and Combating Harmful Interactions Online

The dissemination of digital technologies such as online forums, social media platforms and
smartphones has heavily impacted interpersonal communication. Whereas early studies have celebrated
these new emerging spaces for giving users the ability to effortlessly share content, exchange ideas, and
give and receive social support (Koroleva et al., 2011), recent reports increasingly stress the risks of
communication online. Compared to offline interactions, communication within the digital sphere is
subject to certain particularities that may facilitate antisocial tendencies among users. First, the changing



nature of communication offers large-scale and easy access to potential targets for antisocial activities
(P. K. Smith, 2011). Second, the interconnectedness and sharing affordances of digital technologies
facilitate content to spread widely throughout a network (P. K. Smith, 2011). Indeed, numerous users of
digital technologies report incidents of cyberbullying, cyberharassment, and other antisocial behaviors
to which they have been exposed to. For example, among German adolescents, around one-quarter
report being the victim of cyberbullying sometime in the past (Sergentanis et al., 2021). While exposure
to these destructive behaviors often affects minors, adults are also not immune to the risks of becoming
the victims or bystanders of digitally-enabled antisocial behavior.

At the same time, falling prey to antisocial behavior is highly detrimental to individual and collective
well-being. For example, being a victim of cyberbullying may intensify depression, increase substance
abuse inclination, cause suicidal ideation, and significantly decrease prosocial acting toward others
(Kowalski et al., 2014). In this regard, instead of being an environment that enables social cohesion,
digital technology-enabled communication may undermine the very fabric of social well-being.
Importantly, the detrimental effects of cyberbullying are not limited to victims per se. Also, bystanders
may suffer the negative consequences from these exposures. For example, recent studies establish a link
between being the witness to cyberbullying and depressive symptoms and social anxiety (Doumas &
Midgett, 2021; Wright et al., 2018). However, despite the far-reaching effects of these detrimental
effects, the implications of toxic exposures on bystanders have received limited scholarly attention.

In addition, the progressive development of Al-based technologies may amplify the risks in this area.
For example, technological advances in artificial intelligence in the area of image generation and natural
language models provide users access to powerful tools. Next to educational, playful, and value-driven
encounters, such tools can, unfortunately, be also misused to harm others, especially as their artificially
created content is often hard to distinguish from an authentic one. Already now, image filters commonly
used across social media platforms may cause body image issues for its viewers as they propagate
unrealistic appearance standards (Kleemans et al., 2018). Also, a rising volume of artificially created
pornographic content (Ajder et al., 2019) showcases the dangers of these easily accessible Al tools.

Against this background, the following recommendations might be useful:

Preventing and Combating Antisocial Behavior: Educational campaigns highlighting the
characteristics and dangers of cyberharassment, especially in school settings, constitute an important
tool to fight cyberbullying, and other forms of antisocial behavior in the digital space. In this regard,
instructing children and adolescents on the steps they should take if they experience bullying online is
crucial. As cyberbullying happens online, the perpetrator often does not see the reaction of the victim
(P. K. Smith, 2011) causing a dissociation between the harmful action and its resulting consequence.
Furthermore, we emphasize the importance of creating healthy communication patterns in the digital
world. In this context, content moderation constitutes an essential part of platform health and, next to
harmful content deletion, should focus on working against antisocial tendencies while promoting
prosocial activities.

More Research into the Spillover Effects: Events experienced on digital platforms may have far-
reaching implications beyond the digital space. For example, the coping strategies of victims and
bystanders may range from confronting the perpetrator, deleting one's social media account, to even
victimizing others in response. Importantly, resultant effects may further spill over into the offline
sphere. For example, a relationship between online victimization and getting victimized in the offline
context has been revealed (Kowalski et al., 2012). However, studies into the spillover effects of harmful
online interactions still remain limited. Therefore, more research into the implications of exposure to
online antisocial behavior for victims and bystanders is vital.

Understanding and Managing the Risks of New AI Applications: Considering current and advancing
capabilities of Al applications, it is essential to continuously inform the broader public across all
demographics concerning the risks these tools may hold. In addition to enhancing digital technology
literacy as to the potential uses but also dangers of such tools among the broader public, continuous
efforts should be invested into labeling content as to its artificial origin and into hindering its harmful
exploitation by design.



Placing Special Focus on Healthy Child Development!

The sustainability of our society depends on the resilience and well-being of our younger generations.
At the same time, children and adolescents are a special group of IT users. Due to their ongoing physical,
behavioral, social, and emotional development, they may be more vulnerable to the adverse effects of
technology (over)use (Bergert et al., 2020; Krasnova et al., 2021). More children and adolescents have
access to screen-based devices (e.g., smartphone, tablet, computer, and television) than ever before
(Madigan et al., 2022). For example, whereas only 20% of 6- to 7-year-olds used smartphones from
time to time in 2014, the current level reaches 64% (Bitkom e.V., 2022). Importantly, the time spent on
digital activities has also risen, especially during the pandemic (e.g., Francisco et al., 2020; Lopez-Gil
et al., 2021): Specifically, the screen time of children and adolescents increased by 52% (on average 82
minutes), reaching an alarming level of 4.1 hours per day on average during the pandemic (Madigan et
al., 2022), while, at the same time, children’s engagement in physical activity decreased by 20% (Neville
etal., 2022). The combination of higher screen time and lower physical activity levels can be particularly
detrimental (Oswald et al., 2020; Page et al., 2010). Especially children from low socioeconomic
backgrounds appear to be vulnerable to these trends: They have been found to spend more time with
screen-based devices (Oswald et al., 2020; Rideout, & Robb, 2019) and play apps with more
manipulative designs (Radesky et al. 2022).

In this light, numerous studies have aimed to investigate the potential effects of screen time on child
development and well-being. In these studies, high screen use is associated with an array of adversarial
implications (Madigan et al., 2019; Radesky & Christakis, 2016). For example, studies have linked
screen time to reduced well-being and depression (Liu et al., 2016; Trott et al., 2022), physical harms,
such as poor sleep (Calamaro et al., 2012; Martin et al., 2021), and weight problems (Fang et al., 2019;
Wijga et al., 2010), socio-emotional harms (Page et al., 2010), and cognitive impairments, such as
ADHD symptoms (attention problems, hyperactivity, and impulsivity) (Nikkelen et al., 2014) and lower
language skills (Madigan et al., 2020). In addition, recent studies find that already children as young as
ten years old may show addictive behavior with digital devices (Schulz van Endert, 2021), which has
been linked to psychological and behavioral problems (Cho & Lee, 2017; Sahu et al., 2019). In response,
concerns about the adverse effects of screen-based activities on children have spiked, leading to the
proliferation of guidelines for professionals and families to manage and limit children and adolescents’
screen time. For example, the most prominent recommendation by WHO (2020) is to have no more than
2 hours of total screen time (including all screens, such as television, smartphone, etc.) per day during
leisure time. In a similar vein, researchers call for fostering healthy device habits, which include
moderating use, monitoring content, using screens for creative purposes or social connection, and
prioritizing device-free time and physical activity (Krasnova et al., 2021; Madigan et al., 2022). For
example, preliminary evidence shows that so called “green time” can buffer negative effects of screen
time (Oswald et al., 2020).

Importantly, the usage of digital devices by children and adolescents is not only limited to leisure time.
In the course of the pandemic, we have witnessed a rapid acceptance of online education formats by
students, teachers, and parents. Indeed, there are many advantages to digital education. On the one hand,
the increased use of education apps and other e-learning solutions allows students to learn and acquire
information more independently (Pan & Zhang, 2020). In addition, digital tools offer teachers
opportunities to create a motivating and interactive learning environment. However, fully online
learning during the lockdown has been problematic and challenging for families (Liu et al., 2018) and
resulted in lower educational progress, in particular for younger children (Andresen et al., 2021).
Beyond the effects specific to the pandemic, there is a concern that increased integration of digital
devices into children’s daily life may further fuel screen time and problematic digital device use
(Krasnova et al., 2021) — especially as they are particularly vulnerable to developing addictive
behaviors (Koster et al., 2022). Among others, this is because educational apps often include
entertainment elements, rewarding children with extra gaming time (Morris & Hobbs, 2019; Radesky
et al., 2022). Thus, even a well-intended educational app may potentially train children’s brains to crave
more screen time (Dunckley, 2015). Hence, leveraging the beneficial potential of digital education while
mitigating potential risks is an important task for policy-makers, educators, and parents.

! Ideas presented in this section have been initially formulated in Krasnova et al. (2021)



Against this background, the following recommendations might be useful:

More Research into the Long-term Risks to Child Development: Children’s use of digital devices is a
relatively new phenomenon. Therefore, the long-term risks of this phenomenon still remain unclear,
especially in view of the decreasing age of technology exposure and adoption (Gottschalk, 2019). For
example, 15 studies studying the effect of screen time on myopia provide mixed evidence, with more
recent studies exposing a trend of association between hours spent by children using screens and myopia
(Lanca & Saw, 2020). Furthermore, the influence of (excessive) digital use by family members on
children needs to be further understood. Against this background, we call for more research initiatives
to explore these effects.

More Research into Individual Differences: While studies often look at the quantity (e.g., the overall
screen time), effects may depend on individual characteristics (e.g., age, family environment,
engagement in physical activity, and recreational time spent in nature), the characteristics of use and
related content (e.g., watching videos, playing games, listening to music, reading, doing homework, co-
viewing), as well as device and screen type (e.g., TV, tablet, laptop, stationary PC, smartphone). More
research is needed to better understand the intricacies of these effects on child and adolescent
development. Additionally, identifying characteristics of children who are particularly at great risk for
problematic outcomes should be a priority in future studies (Madigan et al., 2022; Oswald et al., 2020).

More Research and Regulatory Oversight in the Context of Apps Used by Children: Recent statistics
show that about half of all 2- to 4-year-olds have their own mobile device and more than two-thirds of
5- to 8-year-olds (Common Sense Media, 2020). However, these apps often include persuasive design
features, that may extend children’s screen time. A recent study of mobile apps played by 3-5-year-old
children estimated that up to 80% of these apps included manipulative and persuasive design elements
(e.g., simulated time pressure, gifts, and attractive enticements to encourage extended playtime), which
can affect children’s use behavior (Radesky et al., 2022). These findings underscore the importance of
pursuing child-centered design policies that focus on considering children's needs in app development.

Finding the Right Balance in Digital Education: The increasing use of digital tools at school may hold
significant potential for better learning outcomes. Nevertheless, these applications should be examined
in terms of their child-friendly design (see recommendation above). It is also important to ensure that
children's total screen time does not exceed recommended levels and that physical activity and “green
time” are promoted as well. Finding the right balance in this area, considering the benefits but also
accounting for potential risks, is an important challenge for policy-makers, educators, and parents that
needs to be addressed as we move forwards toward a more digital future.

Limiting the Impact on the Environment through Responsible and
Sustainable Digitalization

To achieve the SDGs, an approach of sustainable digitalization that accounts for individual health and
well-being and, simultaneously, minimizes the environmental impact of technology use while
leveraging the potential of digital solutions is needed. At the same time, whereas digital technologies
can offer solutions for environmental issues, they also hold risks of environmental damage.

Indeed, a number of environmental risks can be identified along the product lifecycle. The mere
manufacturing of digital devices involves toxic substances that may pose threats to human health
(Matthews and Matthews, 2003). Moreover, their production process often involves the shipment of
individual technological components that traverse the earth several times before a finished product can
finally be delivered to its end-consumer such as a wafer in the semiconductor industry (Plank et al.,
2017, pp. 179-80). After technological components have reached the end of their lifespan, they may end
up in landfills as e-waste, polluting the earth and contaminating the water (Saha, 2014). Indeed, the vast
amount of e-waste and the non-appropriate re- or upcycling can cause environmental pollution and pose
danger to human health (Accenture, 2020).

However, not just the stages of the product lifecycle but also the provision of digital services may hold
risks for sustainability. For example, the infrastructure necessary for the provision of digital services
can account for up to 85% of the whole environmental impact (Schien et al., 2013; Achachlouei and
Moberg, 2015) that can take the form of air, water, and noise pollution (Maisonneuve et al., 2009;



Zhong, 2021; Dwivedi et al., 2022). Indeed, the energy demands attributed to the technological
infrastructures (e.g., for running complex Al models or blockchain solutions) has been increasingly
growing over the last years. For example, with 107.65 terawatt hour, the energy consumption of Bitcoin
has reached its all-time-high in 2022 (CCAF, 2023), which is believed to be higher than the power
consumption of Finland (Statista, 2022). In a similar vein, computational resources needed to train Al
models have been doubling every 3.4 month from 2012-2018 (OpenAl, 2018). At the same time, the
required energy to enable these operations still does not come from eco-friendly renewable energy
sources to a sufficient extent (Khan et al., 2022). This would be mandatory since fossil fuels and energy
consumption contribute to carbon emission.

On the other hand, digitalization holds potential to provide for a more sustainable future (see Feroz et
al., 2021). Among others, digital technologies can offer solutions for better pollution control (Ye ef al.,
2020) and waste management (Lu et al., 2016), provide means for corporate environmental management
(Beier, Kiefer and Knopf, 2022), and enable to rise of smart and sustainable cities (Singh et al., 2020).
Particularly concerning the latter, they can support zero-waste generation mechanisms (Awasthi et al.,
2021), usage of clean energy (Razmjoo et al., 2022), and sustainable consumption practices (Coderoni
and Perito, 2020), thereby fostering urban sustainability. Furthermore, reusable digital technology leads
to increased sustainability of core infrastructures (Hustad & Olsen, 2021). Tech enterprises in the area
of digital transformation are already active in mitigating climate change, but more efforts are needed to
combat environmental threats (Jones and Wynn, 2021).

Additionally, finding technological solutions to reduce emissions is an important goal. While more than
2 million tons of carbon dioxide are currently removed from the atmosphere yearly, it will not be enough
to meet the Paris Agreement goal of limiting global warming (Naddaf, 2023). This results in an emission
reduction gap and the need to emphasize urgency in emission reduction and removal (Smith ez al., 2023).
To achieve this goal, leveraging technology's bespoken potential will be of utmost importance.

Considering the risks and the potential of digitalization outlined above, the question of how sustainable
digitalization can be achieved is important. So far, with some exceptions (Kiihn, 2018; Lange and
Santarius, 2018; WBGU 2019; Wallimann-Helmer et al., 2021), digital transformation and
sustainability transformation of business and society have been considered separately. However, both
transformations are interdependent and can be mutually beneficial. Thus, an integrated perspective is
necessary to steer these critical developments meaningfully. In this context, latest advances on the
characteristics of sustainable digitalization are particularly of interest (cf. Herlo, Ullrich and Vladova,
2022). In the following, two recent frameworks on sustainable digitalization will be briefly discussed.

Specifically, Fritzsche et al. (2022) derive three core aspects of sustainable digitalization. Those include
(1) the sustainable design of digital technologies, (2) the use of digital technologies to achieve
sustainability, and (3) the realization of sustainable systemic change. In this case, (1) the sustainable
design of digital technologies refers to developing and using climate-neutral CPU models and server
centers on the hardware side (Cao ef al., 2022) and developing application systems that reduce energy
consumption on the software side (Kern et al., 2018). In addition, adequate reparability of digital
technologies and a certain degree of accessibility must be ensured (Gossen, Rohde and Santarius, 2021).
Further, (2) the focus on sustainability through digital technologies is primarily on achieving ecological
and social sustainability goals. For example, at the level of industry and society, resource management
can be fostered by digital technologies. In private households, digital solutions can be used to manage
energy consumption in line with demand. In addition, digital spaces and capabilities can provide
information and participation opportunities for individuals, thereby contributing to a higher degree of
social inclusion (Hamm et al., 2021). Finally, (3) the realization of sustainable systemic change
comprises social innovations and sustainable business models (Michelini, 2012; Boons and Liideke-
Freund, 2013) that gradually substitute the conventional approach of steady growth by an economic
sustainable approach, based on needs and sufficiency practices of the affected parties.

Further, based on the need for fundamental change, Lange and Santarius (2020) elaborate three guiding
principles of sustainable digitalization: (a) digital sufficiency, (b) consistent data protection, and (c)
common good orientation in the distribution of the gains of digitalization. The principle of (a) digital
sufficiency demands a conscious conceptualization of digital solutions in terms of their longevity and
multiple uses (technology sufficiency) and the economical use of data (data sufficiency) (Santarius et
al., 2022). Additionally, the sufficiency of use prescribes the emphasis on repairing (instead of buying
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new) or reusing already used devices (Lange and Santarius, 2020). Next, the principle of (b) consistent
data protection is focused on ensuring the maximum level of privacy protection through both devices
and applications (Willis, 2014). In this context, applying the principle of data sufficiency is an important
pre-condition that serves data protection as it stipulates the transmission of less data in the first place
(Lange and Santarius, 2020). Finally, it is crucial (¢) to increase the common good orientation when
distributing the benefits of digitization. To this end, the Internet should be understood as a common
good that its users develop (Lange and Santarius, 2020). In this context, the openness of source code
and collaborative platform design are characteristics that contribute to the common good orientation
(Curto-Millet and Corsin Jiménez, 2022).

Notably, whereas the characteristics outlined by these frameworks aim at ensuring the achievement of
a sustainable digitalization, there are interrelationships between them. Thus, they can also either
reinforce or hamper each other, if not implemented correctly. For example, whereas digital technologies
can help to generate more ecological sustainability, their use can lead to considerable resource
consumption if these tools are not designed sustainably. For example, the rapid explosion of Al and big
data has introduced opportunities for society to reduce its energy, water, or land use intensities and
facilitate environmental governance (Nishant, Kennedy and Corbett, 2020). At the same time, operations
involving Al and big data are energy-intensive. Sizable data volumes involved in big data operations
require facilities for storage that require maintenance and accessibility, placing demands on natural
resources such as water and non-renewable energy (Lucivero, 2020). In a similar vein, whereas
aggregated healthcare data can automate diagnosis (Keane and Topol, 2018) and improve precision in
treatment (Shaban-Nejad, Michalowski and Buckeridge, 2018), it is also linked to concerns regarding
ownership, responsibility, privacy, and, importantly, availability of sufficient competencies to use such
approaches (Panch, Mattie and Celi, 2019). Subsumed under the umbrella of rebound effects, the
detrimental sides of such interrelationships must be identified and addressed, for example, by increasing
efficiency through digital technologies and their sustainable design (Tretter, Reichel and Gaugler, 2020).

Taken together, whereas digitalization offers significant potential on our path to a more sustainable and
healthier future, it simultaneously creates risks that need to be addressed. The responsible application
of technological advancements requires education regarding environmentally aware behavior and
particularly understanding of the rebound effects on both sides: consumer and producer. Due to their
normative character, the above-introduced characteristics of sustainable digitalization already point to
numerous needs for action to master the ongoing sustainability transformation. Furthermore, in the view
of the increasing amount of technology waste and climate risks that threaten both humans and the
environment, the following recommendations are meaningful:

Solving the Technology Waste Problem: The increasing production and usage of digital devices in
combination with increasing demands for computing capacity, data storage, and bandwidth, as well as
the tendency towards shorter product life cycles, lead to vast amounts of decommissioned information
technology hardware and end user devices. To meet these challenges, appropriate concepts for
disassembly, reuse, and upcycling must be developed to utilize the available resources.

Mitigating Climate Threats with Technology: Currently, almost all carbon dioxide removal results
from conventional methods of managing land, and only a tiny proportion can be attributed to new
technologies (Smith et al., 2023). Here, efforts in developing technologies that remove greenhouse gas
emissions at a large scale need to be intensified. In this context, policy-makers, industry leaders, and
researchers need to act together to achieve this ambitious goal.

Incentivizing Sustainable Behavior: Incentivizing individual and collective efforts to reduce emissions
and engage in environmentally friendly actions should receive more attention. On the individual level,
approaches to sustainable and sufficient consumption of resources need to be publicly promoted. For
example, regulating and increasing consumer awareness about the issue of parcel returns, specifically
problematic in the fashion industry, seems urgent since it constitutes a burden for the environment
(Asdecker, 2021). Furthermore, creating greater awareness among consumers as to the implications of
their behavior on the environment in general is necessary. In this context, one suitable measure could
be to foster competencies in sustainability and digitalization while pointing out the rebound effects of
individual behavior.



Aligning (Technological) Developments Ecologically and Sustainably: Finally, enabling digital
sufficiency at the individual and societal levels through knowledge transfer is crucial for fostering
environmental health. At the regulatory level, such measures may include recycling obligations for
electronic devices or binding eco-friendly standards for the digital core infrastructure, technologies, and
devices. Creating awareness via education, trustworthy certifications, and standards that measure direct
and indirect resource consumption can further strengthen trends towards more sustainable consumption,
including demand for durable products and environmentally friendly services.

Funding Note

This work was funded by the Federal Ministry of Education and Research of Germany (BMBF) under
grant no. 16DII131 (“Deutsches Internet-Institut™).

10



References

Accenture. (2020). Building a Future of Shared Success. 36. Accenture. Building a Future of Shared
Success. 2020. Available online: https://www.accenture.com/ acnmedia/PDF-120/ Accenture-
Corporate-Citizenship-Report-2019.pdf

Achachlouei, M. A., & Moberg, A. (2015). Life cycle assessment of a magazine, part II: A
comparison of print and tablet editions. Journal of Industrial Ecology, 19(4), 590-606.

Ajder, H., Patrini, G., Cavalli, F., & Cullen, L. (2019). The State of Deep Fakes: Landscape, Threats,
and Impact.

Allcott, H., Braghieri, L., Eichmeyer, S., & Gentzkow, M. (2020). The Welfare Effects of Social
Media. American Economic Review, 110(3), 629-676. https://doi.org/10.1257/aer.20190658

Allcott, H., & Gentzkow, M. (2017). Social Media and Fake News in the 2016 Election. Journal of
Economic Perspectives, 31(2), 211-236.

Andresen, S., Falk, A., Frith, U., Gartner, J., Hansen, G., Haug, G., Hertwig, R., Kéller, O., Krieg, T.,
& Kunter, M. (2021). Kinder und Jugendliche in der Coronavirus-Pandemie: Psychosoziale und
edukative Herausforderungen und Chancen: 8. Ad-hoc-Stellungsnahme-21. Juni 2021. Leopoldina,
1-23.

Asdecker, B. (2021). CO2-Bilanz einer Retoure—Definition.
http://www.retourenforschung.de/definition co2-bilanz-einer-retoure.html

Awasthi, A. K., Cheela, V. S., D’Adamo, 1., Iacovidou, E., Islam, M. R., Johnson, M., Miller, T. R.,
Parajuly, K., Parchomenko, A., & Radhakrishan, L. (2021). Zero waste approach towards a
sustainable waste management. Resources, Environment and Sustainability, 3, 100014,

Banyai, F., Zsila, A., Kiraly, O., Maraz, A., Elekes, Z., Griffiths, M. D., Andreassen, C. S., &
Demetrovics, Z. (2017). Problematic Social Media Use: Results from a Large-Scale Nationally
Representative Adolescent Sample. PLOS ONE, 12(1), e0169839.
https://doi.org/10.1371/journal.pone.0169839

Beier, G., Kiefer, J., & Knopf, J. (2022). Potentials of big data for corporate environmental
management: A case study from the German automotive industry. Journal of Industrial Ecology,
26(1), 336-349.

Bergert, C., Koster, A., Krasnova, H., & Turel, O. (2020). Missing Out on Life: Parental Perceptions
of Children’s Mobile Technology Use. Proceedings of the 15th International Conference on
Wirtschaftsinformatik, 1-15.

Beyens, 1., Pouwels, J. L., van Driel, 1. 1., Keijsers, L., & Valkenburg, P. M. (2020). The effect of
social media on well-being differs from adolescent to adolescent. Scientific Reports, 10(1), Article
1. https://doi.org/10.1038/s41598-020-67727-7

Beyens, L., Pouwels, J. L., van Driel, I. 1., Keijsers, L., & Valkenburg, P. M. (2021). Social Media Use
and Adolescents’ Well-Being: Developing a Typology of Person-Specific Effect Patterns.
Communication Research, 00936502211038196. https://doi.org/10.1177/00936502211038196

Bitkom e.V. (2022). Online-Zeit von Kindern und Jugendlichen wéchst auf 111 Minuten pro Tag.
Bitkom. ttps://www.bitkom.org/Presse/Presseinformation/Online-Zeit-Kinder-Jugendliche-111-
Minuten

Boons, F., & Liideke-Freund, F. (2013). Business models for sustainable innovation: State-of-the-art
and steps towards a research agenda. Journal of Cleaner Production, 45, 9—19.

Bright, L. F., Kleiser, S. B., & Grau, S. L. (2015). Too Much Facebook? An Exploratory Examination
of Social Media Fatigue. Computers in Human Behavior, 44, 148—155.
https://doi.org/10.1016/j.chb.2014.11.048

Calamaro, C. J., Yang, K., Ratcliffe, S., & Chasens, E. R. (2012). Wired at a young age: The effect of
caffeine and technology on sleep duration and body mass index in school-aged children. Journal of
Pediatric Health Care, 26(4), 276-282.

Cao, Z., Zhou, X., Hu, H., Wang, Z., & Wen, Y. (2022). Towards a Systematic Survey for Carbon
Neutral Data Centers. I[EEE Communications Surveys & Tutorials.

CCAF, - Cambridge Centre for Alternative Finance. (2023). Cambridge Bitcoin Electricity
Consumption Index. https://ccaf.io/cbeci/index

Cho, K.-S., & Lee, J.-M. (2017). Influence of smartphone addiction proneness of young children on
problematic behaviors and emotional intelligence: Mediating self-assessment effects of parents
using smartphones. Computers in Human Behavior, 66, 303-311.

11



Chou, H.-T. G., & Edge, N. (2012). “They are happier and having better lives than I am”: The Impact
of using Facebook on Perceptions of Others’ Lives. Cyberpsychology, Behavior, and Social
Networking, 15(2), 117-121.

Coderoni, S., & Perito, M. A. (2020). Sustainable consumption in the circular economy. An analysis
of consumers’ purchase intentions for waste-to-value food. Journal of Cleaner Production, 252,
119870.

Common Sense Media. (2020). The common sense census: Media use by kids age zero to eight.
Common Sense Media.

Curto-Millet, D., & Corsin Jiménez, A. (2022). The sustainability of open source commons. European
Journal of Information Systems, 1-19.

de Valle, M. K., Gallego-Garcia, M., Williamson, P., & Wade, T. D. (2021). Social media, body
image, and the question of causation: Meta-analyses of experimental and longitudinal evidence.
Body Image, 39, 276-292. https://doi.org/10.1016/j.bodyim.2021.10.001

Diener, E. (1984). Subjective well-being. Psychological Bulletin, 95(3), Article 3.
https://doi.org/10.1037/0033-2909.95.3.542

Doumas, D. M., & Midgett, A. (2021). The association between witnessing cyberbullying and
depressive symptoms and social anxiety among elementary school students. Psychology in the
Schools, 58(3), 622—637. https://doi.org/10.1002/pits.22467

Dragicevi¢, N., Ullrich, A., Tsui, E., & Gronau, N. (2022). Evolving Dynamics of Knowledge in
Industry 4.0. In The Routledge Companion to Knowledge Management. Routledge.

Dunckley, V. L. (2015). Reset your child’s brain: A four-week plan to end meltdowns, raise grades,
and boost social skills by reversing the effects of electronic screen-time. New World Library.

Dwivedi, Y. K., Hughes, L., Kar, A. K., Baabdullah, A. M., Grover, P., Abbas, R., Andreini, D.,
Abumoghli, ., Barlette, Y., & Bunker, D. (2022). Climate change and COP26: Are digital
technologies and information management part of the problem or the solution? An editorial
reflection and call to action. International Journal of Information Management, 63, 102456.

Ellison, N. B., Steinfield, C., & Lampe, C. (2007). The benefits of Facebook “Friends:” Social capital
and college students’ use of Online Social Network Sites. Journal of Computer-Mediated
Communication, 12(4), 1143—1168. https://doi.org/10.1111/j.1083-6101.2007.00367.x

Fang, K., Mu, M., Liu, K., & He, Y. (2019). Screen time and childhood overweight/obesity: A
systematic review and meta-analysis. Child: Care, Health and Development, 45(5), 744-753.

Feroz, A. K., Zo, H., & Chiravuri, A. (2021). Digital transformation and environmental sustainability:
A review and research agenda. Sustainability, 13(3), 1530.

Foster, D., Linehan, C., Kirman, B., Lawson, S., & James, G. (2010). Motivating physical activity at
work: Using persuasive social media for competitive step counting. Proceedings of the 14th
International Academic MindTrek Conference: Envisioning Future Media Environments, 111-116.
https://doi.org/10.1145/1930488.1930510

Francisco, R., Pedro, M., Delvecchio, E., Espada, J. P., Morales, A., Mazzeschi, C., & Orgilés, M.
(2020). Psychological symptoms and behavioral changes in children and adolescents during the
early phase of COVID-19 quarantine in three European countries. Frontiers in Psychiatry, 11, 1—
14.

Fritzsche, K., Pohle, J., Bauer, S., Haenel, F., & Eichbaum, F. (2022). Digitalisierung nachhaltig und
souverdn gestalten (CO:DINA-POSITIONSPAPIER N° 10).

Gossen, M., Rohde, F., & Santarius, T. (2021). A Marriage Story of Digitalisation and Sustainability?
Okologisches Wirtschaften-Fachzeitschrift, 36(01), 4-8.

Gottschalk, F. (2019). Impacts of technology use on children: Exploring literature on the brain,
cognition and well-being (No. 195; OECD Education Working Papers). OECD.

Hall, J. A., Xing, C., Ross, E. M., & Johnson, R. M. (2021). Experimentally manipulating social media
abstinence: Results of a four-week diary study. Media Psychology, 24(2), 259-275.
https://doi.org/10.1080/15213269.2019.1688171

Hamm, A., Shibuya, Y., Ullrich, S., & Cerratto Pargman, T. C. (2021). What makes civic tech
initiatives to last over time? Dissecting two global cases. Proceedings of the 2021 CHI Conference
on Human Factors in Computing Systems, 1-17.

Herlo, B., Ullrich, A., & Vladova, G. (2022). Verantwortungsvolle demokratisch nachhaltige digitale
Souverdnitdt — Wirkungszusammenhdnge von Nachhaltigkeit und digitaler Souverdnitdt. Institute
for Future Studies and Technology Assessment; Wuppertal Institut for Climate and Environment;

12



Weizenbaum Institute for the Networked Society. https://codina-transformation.de/wp-
content/uploads/CODINA_Kurzstudie SozioOekologischeDigitaleSouveraenitaet-1.pdf

Hole, G., Hole, A. S., & McFalone-Shaw, 1. (2021). Digitalization in pharmaceutical industry: What to
focus on under the digital implementation process? International Journal of Pharmaceutics: X, 3,
100095. https://doi.org/10.1016/].ijpx.2021.100095

Holland, G., & Tiggemann, M. (2016). A Systematic Review of the Impact of the Use of Social
Networking Sites on Body Image and Disordered Eating Outcomes. Body Image, 17, 100-110.

Huang, C. (2017). Time Spent on Social Network Sites and Psychological Well-Being: A Meta-
Analysis. Cyberpsychology, Behavior, and Social Networking, 20(6), 346-354.
https://doi.org/10.1089/cyber.2016.0758

Huang, C. (2022). A meta-analysis of the problematic social media use and mental health.
International Journal of Social Psychiatry, 68(1), 12-33.
https://doi.org/10.1177/0020764020978434

Hunt, M. G., Marx, R., Lipson, C., & Young, J. (2018). No More FOMO: Limiting Social Media
Decreases Loneliness and Depression. Journal of Social and Clinical Psychology, 37(10), 751—
768. https://doi.org/10.1521/jscp.2018.37.10.751

Hustad, E., & Olsen, D. H. (2021). Creating a sustainable digital infrastructure: The role of service-
oriented architecture. Procedia Computer Science, 181, 597-604.

Jones, P., & Wynn, M. (2021). The leading digital technology companies and their approach to
sustainable development. Sustainability, 13(12), 6612.

Keane, P. A., & Topol, E. J. (2018). With an eye to Al and autonomous diagnosis. NP.J Digital
Medicine, 1(1), 40.

Kern, E., Hilty, L. M., Guldner, A., Maksimov, Y. V., Filler, A., Groger, J., & Naumann, S. (2018).
Sustainable software products—Towards assessment criteria for resource and energy efficiency.
Future Generation Computer Systems, 86, 199-210.

Khan, S. A. R., Yu, Z., Umar, M., Lopes de Sousa Jabbour, A. B., & Mor, R. S. (2022). Tackling post-
pandemic challenges with digital technologies: An empirical study. Journal of Enterprise
Information Management, 35(1), 36-57.

Kleemans, M., Daalmans, S., Carbaat, 1., & Anschiitz, D. (2018). Picture Perfect: The Direct Effect of
Manipulated Instagram Photos on Body Image in Adolescent Girls. Media Psychology, 21(1), 93—
110. https://doi.org/10.1080/15213269.2016.1257392

Koroleva, K., Krasnova, H., Veltri, N. F., & Giinther, O. (2011). It’s all about networking! Empirical
investigation of social capital formation on social network sites. Proceedings of the International
Conference on Information Systems, 1-20.

Koster, A., Krasnova, H., Gundlach, J., Radesky, J., & Tarafdar, M. (2022, February 21). Children’s
Technology Use During the Pandemic: From Forbidden Fruit to Fast Food? [Paneldiskussion].
Panel auf der Wirtschaftsinformatik-Konferenz 2022, Niirnberg, Deutschland (online).

Kowalski, R. M., Giumetti, G. W., Schroeder, A. N., & Lattanner, M. R. (2014). Bullying in the
digital age: A critical review and meta-analysis of cyberbullying research among youth.
Psychological Bulletin, 140, 1073—1137. https://doi.org/10.1037/a0035618

Kowalski, R. M., Morgan, C. A., & Limber, S. P. (2012). Traditional bullying as a potential warning
sign of cyberbullying. School Psychology International, 33(5), 505-519.
https://doi.org/10.1177/0143034312445244

Krasnova, H., Teitscheid, J., Koster, A., Vladova, G., & Turel, O. (2021). Digital School in the post-
COVID World: Are We Ready for the Consequences? Opinion Paper [ Working Paper -
Unpublished Manuscript].

Krause, H.-V., & Baumann, A. (2021, December 1). The Devil in Disguise: Malicious Envy’s Impact
on Harmful Interactions Between Social Networking Site Users. Proceedings of the International
Conference on Information Systems (ICIS2021). International Conference on Information Systems,
Austin, Texas.

Krause, H.-V., Wagner, A., & Krasnova, H. (2019a). Keeping up with the Joneses: Instagram use and
its influence on conspicuous consumption. Proceedings of the Fortieth International Conference
on Information Systems (ICIS), 1-17.

Kiihn, P. J. (2018). Informationstechnische Gestaltung einer nachhaltigen Digitalisierung. Expertise
Fiir Das WBGU-Hauptgutachten ,, Unsere Gemeinsame Digitale Zukunft “. Internet: Www. Wbgu.

13



de/de/Publikationen/Publikation/Unseregemeinsame-Digitale-Zukunft# Sektion-Expertisen. Berlin:
WBGU.

Kurniawan, T. A., Dzarfan Othman, M. H., Hwang, G. H., & Gikas, P. (2022). Unlocking digital
technologies for waste recycling in Industry 4.0 era: A transformation towards a digitalization-
based circular economy in Indonesia. Journal of Cleaner Production, 357, 131911.
https://doi.org/10.1016/j.jclepro.2022.131911

Lanca, C., & Saw, S. (2020). The association between digital screen time and myopia: A systematic
review. Ophthalmic and Physiological Optics, 40(2), 216-229.

Lange, S., & Santarius, T. (2018). Smarte griine Welt?: Digitalisierung zwischen Uberwachung,
Konsum und Nachhaltigkeit. ockom verlag.

Lange, S., & Santarius, T. (2020). Smart Green World?: Making Digitalization Work for
Sustainability. Routledge.

Laranjo, L., Arguel, A., Neves, A. L., Gallagher, A. M., Kaplan, R., Mortimer, N., Mendes, G. A., &
Lau, A. Y. S. (2015). The influence of social networking sites on health behavior change: A
systematic review and meta-analysis. Journal of the American Medical Informatics Association,
22(1), 243-256. https://doi.org/10.1136/amiajnl-2014-002841

Liu, D., Ainsworth, S. E., & Baumeister, R. F. (2016). A Meta-Analysis of Social Networking Online
and Social Capital. Review of General Psychology, 20(4), 369-391.
https://doi.org/10.1037/gpr0000091

Liu, D., Baumeister, R. F., & Yang, C. (2019). Digital communication media use and psychological
well-being: A meta-analysis. Journal of Computer-Mediated Communication, 24, 259-274.

Liu, D., Wright, K. B., & Hu, B. (2018). A Meta-analysis of Social Network Site Use and Social
Support. Computers & Education, 127, 201-213. https://doi.org/10.1016/j.compedu.2018.08.024

Liu, M., Wu, L., & Yao, S. (2016). Dose-response association of screen time-based sedentary
behaviour in children and adolescents and depression: A meta-analysis of observational studies.
British Journal of Sports Medicine, 50(20), 1252—-1258.

Lopez-Gil, J. F., Tremblay, M. S., & Brazo-Sayavera, J. (2021). Changes in Healthy Behaviors and
Meeting 24-h Movement Guidelines in Spanish and Brazilian Preschoolers, Children and
Adolescents during the COVID-19 Lockdown. Children, 8(2), 1-10.

Lu, W., Chen, X., Ho, D. C., & Wang, H. (2016). Analysis of the construction waste management
performance in Hong Kong: The public and private sectors compared using big data. Journal of
Cleaner Production, 112,521-531.

Lucivero, F. (2020). Big data, big waste? A reflection on the environmental sustainability of big data
initiatives. Science and Engineering Ethics, 26(2), 1009-1030.

Ma, X., Chen, G., & Xiao, J. (2010). Analysis of an online health social network. Proceedings of the
1st ACM International Health Informatics Symposium, 297-306.
https://doi.org/10.1145/1882992.1883035

Madigan, S., Browne, D., Racine, N., Mori, C., & Tough, S. (2019). Association between screen time
and children’s performance on a developmental screening test. JAMA Pediatrics, 173(3), 244-250.

Madigan, S., Eirich, R., Pador, P., McArthur, B. A., & Neville, R. D. (2022). Assessment of changes
in child and adolescent screen time during the COVID-19 pandemic: A systematic review and
meta-analysis. JAMA Pediatrics.

Madigan, S., McArthur, B. A., Anhorn, C., Eirich, R., & Christakis, D. A. (2020). Associations
between screen use and child language skills: A systematic review and meta-analysis. JAMA
Pediatrics, 174(7), 665-675.

Mabher, C. A., Lewis, L. K., Ferrar, K., Marshall, S., Bourdeaudhuij, I. D., & Vandelanotte, C. (2014).
Are Health Behavior Change Interventions That Use Online Social Networks Effective? A
Systematic Review. Journal of Medical Internet Research, 16(2), €2952.
https://doi.org/10.2196/jmir.2952

Maisonneuve, N., Stevens, M., Niessen, M. E., Hanappe, P., & Steels, L. (2009). Citizen noise
pollution monitoring.

Manisalidis, 1., Stavropoulou, E., Stavropoulos, A., & Bezirtzoglou, E. (2020). Environmental and
health impacts of air pollution: a review. Frontiers in public health, 14.

Martin, K. B., Bednarz, J. M., & Aromataris, E. C. (2021). Interventions to control children’s screen
use and their effect on sleep: A systematic review and meta-analysis. Journal of Sleep Research,
30(3), e13130.

14



Matthews, H. S., & Matthews, D. H. (2003). Information technology products and the environment.
Computers and the Environment: Understanding and Managing Their Impacts, 17-39.

Meier, A., & Reinecke, L. (2021). Computer-Mediated Communication, Social Media, and Mental
Health: A Conceptual and Empirical Meta-Review. Communication Research, 48(8), 1182—1209.
https://doi.org/10.1177/0093650220958224

Melchior, C., & Oliveira, M. (2022). Health-related fake news on social media platforms: A
systematic literature review. New Media & Society, 24(6), 1500—1522.

Michelini, L. (2012). Social innovation and new business models: Creating shared value in low-
income markets. Springer Science & Business Media.

Mondal, M., Silva, L. A., & Benevenuto, F. (2017). 4 measurement study of hate speech in social
media. 85-94.

Morris, B., & Hobbs, T. (2019). Schools Pushed for Tech in Every Classroom. Now Parents Are
Pushing Back. The Wall Street Journal. https://www.wsj.com/articles/in-a-school-district-where-
technology-rules-grades-fall-parents-ask-why-11567523719

Mosquera, R., Odunowo, M., McNamara, T., Guo, X., & Petrie, R. (2020). The economic effects of
Facebook. Experimental Economics, 23(2), 575—602. https://doi.org/10.1007/s10683-019-09625-y

Naddaf, M. (2023). Carbon capture nets 2 billion tonnes of CO2 each year-but it’s not enough. Nature.
https://doi.org/10.1038/d41586-023-00180-4

Neville, R. D., Lakes, K. D., Hopkins, W. G., Tarantino, G., Draper, C. E., Beck, R., & Madigan, S.
(2022). Global changes in child and adolescent physical activity during the COVID-19 pandemic:
A systematic review and meta-analysis. JAMA Pediatrics, 176(9), 886—894.

Nikkelen, S. W., Valkenburg, P. M., Huizinga, M., & Bushman, B. J. (2014). Media use and ADHD-
related behaviors in children and adolescents: A meta-analysis. Developmental Psychology, 50(9),
2228.

Nishant, R., Kennedy, M., & Corbett, J. (2020). Artificial intelligence for sustainability: Challenges,
opportunities, and a research agenda. International Journal of Information Management, 53,
102104,

Notley, T. (2019). The environmental costs of the global digital economy in Asia and the urgent need
for better policy. Media International Australia, 173(1), 125-141.

OpenAl. (2018, May 16). Al and Compute. https://openai.com/blog/ai-and-compute/

Oswald, T. K., Rumbold, A. R., Kedzior, S. G., & Moore, V. M. (2020). Psychological impacts of
“screen time” and “green time” for children and adolescents: A systematic scoping review. PloS
One, 15(9), €0237725.

Page, A. S., Cooper, A. R., Griew, P., & Jago, R. (2010). Children’s screen viewing is related to
psychological difficulties irrespective of physical activity. Pediatrics, 126(5), e1011-e1017.

Pan, S. L., & Zhang, S. (2020). From fighting COVID-19 pandemic to tackling sustainable
development goals: An opportunity for responsible information systems research. International
Journal of Information Management, 55, 102196.

Panch, T., Mattie, H., & Celi, L. A. (2019). The “inconvenient truth” about Al in healthcare. NP.J
Digital Medicine, 2(1), 77.

Parry, D. A., Davidson, B. 1., Sewall, C. J. R., Fisher, J. T., Mieczkowski, H., & Quintana, D. S.
(2021). A Systematic Review and Meta-Analysis of Discrepancies Between Logged and Self-
Reported Digital Media Use. Nature Human Behaviour, 1-48.

Plank, M., Kéniger, J., Dimmler, M., Weinert, N., & Mose, C. (2017). Anwendungsbeispiele. In
Metamorphose zur intelligenten und vernetzten Fabrik (pp. 161-209). Springer Vieweg.
https://doi.org/10.1007/978-3-662-54317-7 5

Radesky, J., Hiniker, A., McLaren, C., Akgun, E., Schaller, A., Weeks, H. M., Campbell, S., &
Gearhardt, A. N. (2022). Prevalence and characteristics of manipulative design in mobile
applications used by children. JAMA Network Open, 5(6), €2217641-¢2217641.

Radesky, J. S., & Christakis, D. A. (2016). Increased screen time: Implications for early childhood
development and behavior. Pediatric Clinics, 63(5), 827-839.

Razmjoo, A., Gandomi, A. H., Pazhoohesh, M., Mirjalili, S., & Rezaei, M. (2022). The key role of
clean energy and technology in smart cities development. Energy Strategy Reviews, 44, 100943,

Rideout, V., & Robb, M. B. (2019). The Common Sense census: Media use by tweens and teens.
https://www.commonsensemedia.org/sites/default/files/uploads/research/2019-census-8-to-18-full-
report-updated.pdf

15



Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic
motivation, social development, and well-being. American Psychologist, 55, 68—78.
https://doi.org/10.1037/0003-066X.55.1.68

Saha, B. (2014). Green computing. International Journal of Computer Trends and Technology
(IJCTT), 14(2), 46-50.

Sahu, M., Gandhi, S., & Sharma, M. K. (2019). Mobile phone addiction among children and
adolescents: A systematic review. Journal of Addictions Nursing, 30(4), 261-268.

Saiphoo, A. N., & Vahedi, Z. (2019). A Meta-analytic Review of the Relationship between Social
Media Use and Body Image Disturbance. Computers in Human Behavior, 101, 259-275.

Santarius, T., Bieser, J. C., Frick, V., Hojer, M., Gossen, M., Hilty, L. M., Kern, E., Pohl, J., Rohde,
F., & Lange, S. (2022). Digital sufficiency: Conceptual considerations for ICTs on a finite planet.
Annals of Telecommunications, 1-19.

Schien, D., Shabajee, P., Yearworth, M., & Preist, C. (2013). Modeling and assessing variability in
energy consumption during the use stage of online multimedia services. Journal of Industrial
Ecology, 17(6), 800-813.

Schulz van Endert, T. (2021). Addictive use of digital devices in young children: Associations with
delay discounting, self-control and academic performance. PloS One, 16(6), €0253058.

Sergentanis, T. N., Bampalitsa, S. D., Theofilou, P., Panagouli, E., Vlachopapadopoulou, E.,
Michalacos, S., Gryparis, A., Thomaidis, L., Psaltopoulou, T., Tsolia, M., Bacopoulou, F., &
Tsitsika, A. (2021). Cyberbullying and Obesity in Adolescents: Prevalence and Associations in
Seven European Countries of the EU NET ADB Survey. Children, 8(3), Article 3.
https://doi.org/10.3390/children8030235

Sewall, C. J. R., Bear, T. M., Merranko, J., & Rosen, D. (2020). How psychosocial well-being and
usage amount predict inaccuracies in retrospective estimates of digital technology use. Mobile
Media & Communication, 8(3), 379-399. https://doi.org/10.1177/2050157920902830

Shaban-Nejad, A., Michalowski, M., & Buckeridge, D. L. (2018). Health intelligence: How artificial
intelligence transforms population and personalized health. NP.J Digital Medicine, 1(1), 53.

Singh, S., Sharma, P. K., Yoon, B., Shojafar, M., Cho, G. H., & Ra, I.-H. (2020). Convergence of
blockchain and artificial intelligence in [oT network for the sustainable smart city. Sustainable
Cities and Society, 63, 102364,

Smith, P. K. (2011). Cyberbullying and Cyber Aggression. In Handbook of School Violence and
School Safety (2nd ed.). Routledge.

Smith, S. M., Geden, O., Nemet, G., Gidden, M., Lamb, W. F., Powis, C., Bellamy, R., Callaghan, M.,
Cowie, A., Cox, S., Fuss, S., Gasser, T., Grassi, G., Greene, J., Liick, S., Mohan, A., Miiller-
Hansen, F., Peters, G., Pratama, Y., ... Minx, J. M. (2023). The State of Carbon Dioxide
Removal—Ist Edition. https://www.stateofcdr.org

Statista. (2022, November). Bitcoin energy consumption worldwide from February 2017 to November
17, 2022. https://www.statista.com/statistics/881472/worldwide-bitcoin-energy-consumption/

Statista. (2023a). Daily time spent on social networking by internet users worldwide from 2012 to
2022. Statista. https://www.statista.com/statistics/433871/daily-social-media-usage-worldwide/

Statista. (2023b). Number of smartphone subscriptions worldwide from 2016 to 2021, with forecasts
from 2022 to 2027. Statista. https://www.statista.com/statistics/330695/number-of-smartphone-
users-worldwide/

Tretter, F., Reichel, C., & Gaugler, T. (2020). Digitalisierung und Nachhaltigkeit: Humanokologische
Aspekte. GAIA-Ecological Perspectives for Science and Society, 29(2), 132—133.

Tromholt, M. (2016). The Facebook Experiment: Quitting Facebook Leads to Higher Levels of Well-
Being. Cyberpsychology, Behavior, and Social Networking, 19(11), 661-666.
https://doi.org/10.1089/cyber.2016.0259

Trott, M., Driscoll, R., Irlado, E., & Pardhan, S. (2022). Changes and correlates of screen time in
adults and children during the COVID-19 pandemic: A systematic review and meta-analysis.
EClinicalMedicine, 48, 101452.

Valkenburg, P. M., van Driel, L. 1., & Beyens, 1. (2021). The Associations of Active and Passive Social
Media Use With Well-being: A Critical Scoping Review. PsyArXiv Preprints.
https://doi.org/10.31234/0sf.i0/j6xqz

16



Vanman, E. J., Baker, R., & Tobin, S. J. (2018). The burden of online friends: The effects of giving up
Facebook on stress and well-being. The Journal of Social Psychology, 158(4), 496-508.
https://doi.org/10.1080/00224545.2018.1453467

Wallimann-Helmer, 1., Teran, L., Portmann, E., Schiibel, H., & Pincay, J. (2021). An Integrated
Framework for Ethical and Sustainable Digitalization. 2021 Eighth International Conference on
EDemocracy & EGovernment (ICEDEG), 156-162.

WBGU — Wissenschaftlicher Beirat der Bundesregierung Globale Umweltverdnderungen. (2019).
Unsere gemeinsame digitale Zukunft. Zusammenfassung. WBGU.
https://www.wbgu.de/fileadmin/user upload/wbgu/publikationen/hauptgutachten/hg2019/pdf/'WB
GU_HGD2019_Z.pdf

WHO. (2020). WHO Guidelines on Physical Activity and Sedentary Behaviour for Children and
Adolescents, Adults and older Adults. World Health Organization.
https://www.who.int/docs/defaultsource/physical-activity/call-for-consultation/draft-guideline-on-
physical-activity-and-sedentraybehaviour.pdf?sfvrsn=ddf523d5 4

Wijga, A. H., Scholtens, S., Bemelmans, W. J., Kerkhof, M., Koppelman, G. H., Brunekreef, B., &
Smit, H. A. (2010). Diet, screen time, physical activity, and childhood overweight in the general
population and in high risk subgroups: Prospective analyses in the PIAMA Birth Cohort. Journal of
Obesity, 2010, 1-9.

Willis, L. E. (2014). Why not privacy by default. Berkeley Tech. LJ, 29, 61.

Wright, M. F., Wachs, S., & Harper, B. D. (2018). The moderation of empathy in the longitudinal
association between witnessing cyberbullying, depression, and anxiety. Cyberpsychology. Journal
of Psychosocial Research on Cyberspace, 12(4). https://doi.org/10.5817/CP2018-4-6

Yang, C., Holden, S. M., & Ariati, J. (2021). Social Media and Psychological Well-Being Among
Youth: The Multidimensional Model of Social Media Use. Clinical Child and Family Psychology
Review, 24(3), 631-650. https://doi.org/10.1007/s10567-021-00359-z

Ye, Z., Yang, J., Zhong, N., Tu, X., Jia, J., & Wang, J. (2020). Tackling environmental challenges in
pollution controls using artificial intelligence: A review. Science of the Total Environment, 699,
134279.

Yoon, S., Kleinman, M., Mertz, J., & Brannick, M. (2019). Is Social Network Site Usage Related to
Depression? A Meta-analysis of Facebook—Depression Relations. Journal of Affective Disorders,
248, 65-72. https://doi.org/10.1016/j.jad.2019.01.026

Zhong, J. (2021). Exploring and Researching Ideological and Political Education of College Students’
Psychological Quality for the Development of Artificial Intelligence. In MOBILE INFORMATION
SYSTEMS (Vol. 2021). HINDAWI LTD. https://doi.org/10.1155/2021/2453385

Zippia. (2023). 31 Trending Zoom Meeting Statistics [2023]: How Many People Use Zoom? Zippia.
https://www.zippia.com/advice/zoom-meeting-statistics/

17



Externe Expertise fiir das WBGU-Hauptgutachten ,Gesund leben auf einer Gesunden Erde*
Berlin: WBGU

Verfligbar im Internet unter https://www.wbgu.de/de/publikationen/publikation/gesundleben

Autor:innen: André Ullrich, Annika Baumann, Antonia Koster, Hanna Krasnova
(All authors have contributed equally)

Weizenbaum-Institut fiir die Vernetzte Gesellschaft

Berlin, 2022

Wissenschaftlicher Beirat der Bundesregierung
Globale Umweltverdanderungen (WBGU)

Geschiftsstelle Telefon: (030) 26 39 48 0
LuisenstraRe 46 E-Mail: wbgu@wbgu.de
10117 Berlin Internet: www.wbgu.de

W @WBGU_Council
Alle Gutachten kénnen von der Internet-Webseite
https://www.wbgu.de/de/publikationen/alle-publikationen

heruntergeladen werden.

© 2023, WBGU




