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Abstract.

The rapid expansion of satellite mega-constellations in Low Earth Orbit (LEO) is transforming orbital space into a
densely populated and increasingly contested environment, raising critical questions about its long-term
sustainability. While scientific research has extensively documented risks associated with orbital debris
accumulation, collision cascades, and interference with astronomical observations, less attention has been paid to
how these risks are communicated and interpreted in public discourse. This study addresses this gap by examining
how sustainability-related issues are framed in new media discussions following a key regulatory event: the United
States Federal Communications Commission’s (FCC) partial authorization of SpaceX’s Starlink Gen2 constellation

on 9 January 2026.

Adopting an exploratory, qualitative approach, the study analyses English-language posts on X (formerly Twitter)
collected over a +10-day window surrounding the FCC decision. Using framing theory as a guiding lens, the
analysis focuses on how issues are defined, how causes and responsibilities are attributed, how normative
judgments are expressed, and how potential responses are articulated. In parallel, the study examines broader
framing orientations, including technological optimism, environmental risk, and neutral or informational narratives,

in order to assess the relative prominence of sustainability concerns within the discourse.

The findings indicate that public discussions are dominated by neutral and informational framing, with a strong
presence of technologically optimistic narratives that emphasise innovation, connectivity, and economic
opportunity. In contrast, environmental risk framing, particularly relating to orbital debris and ecological impacts
appears comparatively limited and less systematically developed. Where sustainability concerns do emerge, they
are frequently articulated through governance-oriented perspectives, with responsibility assigned primarily to
regulatory institutions and industry actors, and proposed solutions centred on technical mitigation and policy

oversight rather than systemic environmental change.

These results suggest a disconnect between the complexity of scientific understandings of orbital sustainability and
the ways in which these issues are publicly communicated and debated. By highlighting how sustainability is
selectively framed in digital discourse, this study contributes to a broader understanding of LEO as a socio-technical

system shaped not only by physical and regulatory dynamics, but also by evolving patterns of communication and
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public interpretation. The findings underscore the importance of integrating communication perspectives into

discussions of space sustainability, particularly as commercial activity in LEO continues to expand.
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1. Introduction

Low Earth Orbit (LEO) has become an increasingly critical extension of Earth’s operational environment,
supporting essential global infrastructures such as communication systems, navigation, disaster coordination, and
scientific observation. However, this orbital region is undergoing rapid transformation driven by the large-scale
deployment of commercial satellite constellations. This expansion is prompting renewed concern over whether
LEO can continue to function as a stable and shared domain. Rather than an open and inexhaustible frontier, LEO
is increasingly understood as a finite and vulnerable system subject to cumulative environmental and operational

pressures (Ostrom, 1990; Palmroth et al., 2021).

Scientific research has consistently identified a range of risks associated with the intensification of orbital activity.
Foundational work demonstrates that increasing object density in orbit raises the likelihood of cascading collisions,
potentially leading to long-term instability in the space environment (Kessler & Cour-Palais, 1978; Liou & Johnson,
2006). More recent studies show that the proliferation of large constellations contributes not only to congestion and
debris accumulation, but also to broader environmental impacts, including interference with astronomical
observations and atmospheric effects associated with satellite re-entry (Lawrence et al., 2022; Pardini & Anselmo,
2020, 2021). These developments have led to the growing recognition of LEO as part of a coupled Earth—space
system in which environmental, technological, and governance dynamics are tightly interconnected (Palmroth et

al., 2021).

At the same time, the regulatory landscape governing orbital expansion remains fragmented and evolving. Existing
frameworks are largely based on principles developed in earlier phases of space activity, with limited enforcement
mechanisms and significant reliance on voluntary compliance (Jakhu & Pelton, 2017). From this perspective, LEO
exhibits characteristics of a common-pool resource, where increasing utilisation by multiple actors risks
overexploitation in the absence of effective collective governance (Ostrom, 1990). These tensions have become
particularly visible in recent regulatory decisions that authorise the continued expansion of satellite constellations.
A notable example is the United States Federal Communications Commission (FCC) partial authorisation of
SpaceX’s second-generation Starlink system (DA 26-36, adopted and released 9 January 2026). This decision
approved the deployment of an additional 7,500 satellites, bringing the authorised Gen2 total to 15,000 while

addressing issues related to orbital debris mitigation and coordination with scientific bodies such as NASA and the
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National Science Foundation. As a regulatory flashpoint, this decision represents a critical moment at which

scientific concerns, governance frameworks, and commercial ambitions converge and are publicly articulated.

Despite the extensive scientific and policy-oriented research on orbital sustainability, comparatively little attention
has been paid to how these issues are communicated and interpreted in public discourse during such moments. This
omission is significant because public discourse does not merely reflect expert knowledge; it plays an active role
in shaping how environmental risks are understood, prioritised, and acted upon. Communication research
demonstrates that media systems and digital platforms influence which issues gain visibility, how they are framed,

and how public attention evolves over time (Downs, 1972; Gillespie, 2018).

In the context of LEO, these dynamics are particularly consequential. Orbital sustainability involves complex,
spatially distant, and temporally extended processes that are not directly observable to most audiences. As a result,
risks such as debris accumulation, collision cascades, and environmental interference may be reframed as
manageable technical or administrative concerns rather than systemic ecological challenges. This has implications

for how responsibility is assigned, how urgency is perceived, and how governance responses are legitimised.

Framing theory provides a useful lens for examining these communicative processes. Entman (1993)
conceptualises framing as the selective construction of reality through the definition of problems, attribution of
causes, moral evaluation, and the proposal of remedies. Applied to environmental and technological issues, framing
shapes not only what is discussed, but also how it is interpreted and what forms of action are considered appropriate.
Building on these perspectives, this study adopts an exploratory, event-focused approach to examine how LEO
sustainability is framed in new media discourse following the FCC’s 2026 Starlink Gen2 authorisation. Rather than
assuming the presence of sustainability narratives, the study investigates how such concerns emerge within broader
public reactions to the decision. It focuses on identifying dominant framing patterns, assessing the relative
prominence of technological optimism and environmental risk narratives, and examining how responsibility and

potential solutions are articulated.

By situating LEO within both geoscientific and communicative contexts, this study contributes to a growing body
of research that recognises Earth—space environments as socio-technical systems shaped not only by physical

processes and regulatory structures, but also by the ways in which they are publicly constructed and understood. In
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doing so, it provides insight into how digital discourse may influence the governance and long-term sustainability

of orbital space.

2. Literature Review and Analytical Framework
2.1 Previous Studies and Research gaps

Research on Low Earth Orbit (LEO) has developed primarily along two trajectories: the scientific assessment of
orbital dynamics and the governance of space as a shared resource. Studies in orbital science have established that
the near-Earth environment is subject to cumulative pressures arising from increasing satellite density, particularly
in relation to collision risk and debris proliferation (Kessler & Cour-Palais, 1978; Liou & Johnson, 2006).
Subsequent works have shown that the rapid expansion of satellite constellations introduces long-term constraints
on orbital capacity, raising concerns about system stability and environmental sustainability (Bastida Virgili et al.,
2016; McDowell, 2020; Pardini & Anselmo, 2021). Recent modelling confirms that current populations of intact
objects already exceed stability thresholds across much of the 400-1000 km altitude range, with runaway debris
growth risks emerging particularly between 520 and 1000 km (Lewis & Kessler, 2025; Thiele et al., 2025).
Additional research has examined broader environmental impacts, including atmospheric effects from re-entries
and rocket emissions, disruptions to astronomical observation, and interactions with climate-driven changes in the

upper atmosphere (Lawrence et al., 2022; Parker et al., 2025; Borlaff et al., 2025).

In parallel, governance-oriented scholarship has approached outer space as a collective resource requiring
coordinated management. Drawing on institutional and legal perspectives, this work highlights the challenges of
regulating a domain characterised by rapid commercial expansion and limited enforceable international
frameworks (Ostrom, 1990; Jakhu & Pelton, 2017). Recent contributions emphasise structural constraints in
existing governance systems, particularly the reliance on national-level regulation, voluntary compliance
mechanisms, and the difficulties of polycentric or collective-action approaches in the face of mega-constellations
(Morin & Richard, 2021; Lambach & Wesel, 2021; Yap, 2023). Analyses also point to the need for stronger
prevention and mitigation measures across the satellite lifecycle, including updated regulatory standards and active

debris removal strategies (ESA Space Environment Report, 2025).
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A separate strand of research examines how environmental issues are communicated and interpreted in public
discourse. Framing studies demonstrate that the presentation of an issue shapes how it is understood, including
which aspects are emphasised and which are downplayed (Entman, 1993; Scheufele, 1999). Within environmental
communication, scholarship shows that complex and long-term risks are often less visible than more immediate or
institutionally grounded narratives (Nisbet, 2009; Boykoft, 2011; O’Neill et al., 2015). Recent media analyses of
orbital debris coverage reveal that risks to everyday satellite services and long-term orbital sustainability receive
comparatively less emphasis than sensational but less systemic threats such as falling debris, with partisan
differences in tone and focus on safety/sustainability versus other frames (Kohl et al., 2025). Broader studies of EU
and global media similarly highlight predominantly negative sentiment centred on risks, security, and universalism
values, while noting limited attention to comprehensive legal or governance solutions (EU media coverage report,
2025).

While each of these research areas provides important insights, they have largely evolved in isolation. Scientific
studies document the physical constraints of orbital systems, and governance research identifies regulatory
limitations, yet both tend to assume that these concerns are visible and actionable within broader societal contexts.
At the same time, communication research has rarely engaged with outer space as an environmental domain.
Consequently, there is limited empirical understanding of how orbital sustainability is represented and interpreted
in public discourse, particularly during regulatory moments that formalize trajectories of technological expansion.
Addressing this gap requires an approach that connects these domains by examining how sustainability-related
knowledge is communicated, structured, and made salient in public discourse. This is especially relevant in the

context of regulatory events, where institutional decisions intersect with public visibility and interpretation.
2.2 Analytical Framework

To examine how orbital sustainability is constructed in public discourse, this study adopts a framing-based
analytical approach grounded in Framing Theory as conceptualised by Robert M. Entman (1993). Framing is
understood as a process through which aspects of perceived reality are selected and made salient in a
communicating text in such a way as to promote a particular interpretation of an issue. Entman identifies four core
framing functions: problem definition, causal interpretation, moral evaluation, and treatment recommendation.

These functions provide the primary analytical structure for this study.
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Within this framework, problem definition refers to how a post identifies and foregrounds what is at stake in relation
to the Starlink Gen2 expansion or the sustainability of Low Earth Orbit (LEO). This may include framing the issue
as regulatory expansion, orbital congestion, technological progress, or connectivity provision. Causal interpretation
captures how responsibility or causation is attributed, for example to regulatory bodies such as the Federal
Communications Commission, to commercial actors such as SpaceX, or to broader dynamics of technological
expansion. Moral evaluation reflects the presence of normative judgments, positioning the development as
beneficial, necessary, risky, or problematic. Treatment recommendation refers to whether a post proposes solutions

or responses, such as stronger governance, technological mitigation, or continued innovation.

While Entman’s four functions provide a robust conceptual foundation, prior research demonstrates that their
empirical application is often complemented by issue-specific framing categories. Studies in environmental
communication, for example, frequently retain Entman’s functional logic while introducing thematic frames
tailored to particular issues. Research on climate communication has identified frames such as scientific certainty,
political conflict, economic consequences, and ethical responsibility, extending beyond abstract functional
categories to capture the substantive content of discourse (Boykoff, 2011; Nisbet, 2009; O’Neill et al., 2015).
Similarly, analyses of environmental risk communication operationalise framing through categories such as risk
attribution, urgency, and policy response, while maintaining the underlying structure of problem, cause, evaluation,
solution (Scheufele, 1999). These approaches demonstrate that framing analysis typically combines a stable

theoretical core with context-specific empirical categories.

In the specific domain of space-related public discourse, Kelley (2012) applied framing theory to popular media
portrayals of NASA across three historical periods. The study identified dominant thematic frames, including
technological progress, exploration, and national ambition, and traced their evolution in response to key events
such as the Challenger disaster. While Kelley drew on Entman’s concepts of selection and salience, the analysis
operated at the level of overarching thematic frames rather than coding individual texts according to the four
functions. No additional theoretical categories were introduced; instead, framing was operationalised inductively
through recurring narrative patterns. The present study builds on this approach while extending it by applying
Entman’s four functions directly at the level of individual social media posts, allowing for a more fine-grained

analysis of how meaning is constructed in real-time discourse.
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Building on these precedents, the present study distinguishes between framing functions and framing orientations.
Entman’s four functions are used to identify how meaning is constructed within individual posts, while a second
analytical layer captures the overall orientation or tone of discourse. Four dominant orientations are identified:
neutral framing, technological optimism, environmental risk framing, and hybrid framing. Neutral framing refers
to descriptive reporting of events without explicit evaluation. Technological optimism captures narratives that
emphasise progress, innovation, and societal benefits. Environmental risk framing highlights concerns related to
congestion, debris, and long-term sustainability. Hybrid framing reflects the simultaneous articulation of both
opportunity and risk within the same discourse unit. While this combination is tailored to the present study, similar
distinctions between risk, benefit, and governance-oriented narratives have been widely documented in

environmental and sustainability communication (Boykoff, 2011; O’Neill et al., 2015).

To further account for the complexity of orbital sustainability, the analysis incorporates a multi-dimensional socio-
technical perspective. This approach recognises that LEO is not solely an environmental domain but a system
shaped by the interaction of physical, institutional, technological, and societal factors. Accordingly, four analytical

dimensions are defined.

Environmental—-orbital sustainability refers to the physical condition of the orbital environment, including debris
accumulation, congestion, collision risk, atmospheric effects, and impacts on astronomical observation.
Governance and responsibility captures references to regulatory processes, institutional oversight, and the
allocation of responsibility among actors. Operational or technological sustainability refers to the reliability, safety,
and long-term functionality of satellite systems. Socio-technical sustainability captures the linkage between orbital

systems and societal outcomes, including connectivity, economic development, and digital inclusion.

This multidimensional structure builds on the work of V. Maiwald (2023), who argues that sustainability in a
spaceflight context cannot be treated as a singular concept but must be understood across multiple perspectives
defined by system boundaries and actor relationships. Maiwald distinguishes between Earth- and space-oriented
perspectives and emphasises that sustainability meanings shift depending on whether the focus is on terrestrial
benefits, orbital environments, or long-term space development. Rather than directly applying Maiwald’s four-
perspective model, the present study adapts this insight into a coding framework (see Appendix A) suitable for
discourse analysis, enabling the identification of which dimensions of sustainability are made visible or remain

absent in public communication.



240

245

250

255

260

265

https://doi.org/10.5194/egusphere-2026-1286
Preprint. Discussion started: 6 May 2026 G
© Author(s) 2026. CC BY 4.0 License. E U Sp here

By integrating Entman’s framing functions, dominant framing orientations, and a multi-dimensional socio-
technical sustainability lens, the analytical framework enables a layered examination of public discourse. It captures
not only what is discussed, but how it is framed, which aspects are prioritised, and which dimensions of
sustainability are marginalised. This approach is particularly suited to the study of LEO, where environmental
constraints, governance structures, technological systems, and societal benefits intersect within a rapidly evolving

socio-technical domain.

3. Methods

3.1 Study design and analytical rationale

This study adopts a qualitative, event-anchored case study design combined with framing analysis to examine how
sustainability in Low Earth Orbit (LEO) is constructed in new media discourse during a moment of heightened
regulatory attention. Case study approaches are particularly well suited to analysing socio-technical issues that
unfold within real-world contexts where the boundaries between events and surrounding discourse are fluid (Yin,
2018). Anchoring the analysis to a discrete regulatory moment allows sustainability framing to be examined as a

situated communicative process rather than as an abstract or ongoing debate.

The empirical focus is a period of intensified public attention surrounding regulatory developments related to the
expansion of SpaceX’s Starlink constellation in early January 2026. Regulatory moments of this kind often act as
discursive focal points, concentrating institutional authority, scientific knowledge, and public interpretation within
a compressed temporal window (Entman, 1993; Bruns and Burgess, 2015). To capture both anticipatory and
reactive discourse, the analytical window was defined as =10 calendar days (30 December 2025 to 19 January
2026). Temporal windows of this length are commonly used in social media research to balance sensitivity to event
dynamics with sufficient breadth to observe emerging framing patterns without excessive thematic drift (Bruns and

Burgess, 2015; Giglietto et al., 2012).

This design aligns with event-based approaches in social media and communication research, where discourse is

examined in relation to identifiable policy or media events. Such approaches have been used to analyse issue
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framing around environmental crises, media releases, and policy interventions, allowing researchers to observe

how meaning is constructed in real time (Wang and Huang, 2018; Hansen et al., 2020).

3.2 Data collection

Data were collected from X (formerly Twitter) using NodeXL Pro via the platform’s keyword-based Search
Network import. NodeXL Pro is a widely used Microsoft Excel add-in that enables the extraction of public posts,
metadata (e.g. timestamps, engagement metrics), and network relationships for social media analysis (Hansen et
al., 2020; Smith et al., 2014). It has been extensively applied in event-based studies of digital discourse, particularly

where both network structure and content are of interest.

An event-focused keyword strategy was employed using terms directly associated with the regulatory development
and constellation expansion (e.g. “Starlink”, “FCC”, “approval”, “Gen2”, “expansion”). Sustainability-specific
keywords were intentionally excluded to avoid pre-structuring the dataset and to allow sustainability-related

framing to emerge inductively from broader discourse (Entman, 1993; Nisbet, 2009).

To reduce query-specific bias, multiple searches were conducted independently using identical parameters, and
each output was retained as a separate dataset prior to merging. Retweets and reposts were excluded at the point of
collection in order to prioritise original framing over message amplification, consistent with established approaches
in social media framing research (Bruns & Stieglitz, 2014). This workflow follows established NodeXL protocols
for capturing event-driven discourse while preserving analytical transparency (Hansen et al., 2020; Smith et al.,

2014).

3.3 Data preparation and eligibility screening

All query outputs were merged into a single corpus and processed through a structured, stepwise cleaning procedure.
This included: (1) merging datasets while retaining identifiers for the originating query, (2) removing duplicates
using unique post IDs and URLs, (3) filtering posts to the predefined temporal window, and (4) applying eligibility

criteria.

The initial dataset contained 268 posts within the analytical window. Posts were retained if they were substantively

related to the Starlink expansion and predominantly written in English. Automated language detection was used as

11
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an initial filter, followed by manual verification for ambiguous cases, consistent with best practices in cross-

linguistic social media research (Giglietto et al., 2012).

A total of 61 posts were excluded (44 non-English and 17 not directly relevant), resulting in a final analytical corpus
of 207 posts. For descriptive comparison, each post was assigned a temporal indicator distinguishing pre- and post-
event publication. While the analysis remains qualitative, this temporal segmentation supports interpretive

comparison of discourse patterns around regulatory moments (Bruns & Burgess, 2015).

3.4 Analytical framework and coding procedure

The analysis is guided by framing theory as articulated by Entman (1993), which conceptualises frames as patterns
of selection and salience that define problems, attribute causes, express moral evaluations, and propose remedies.
This framework is widely used in environmental communication research to analyse how sustainability issues are

constructed in public discourse (Nisbet, 2009; Scheufele, 1999).

Each post was coded across all four framing functions and assigned a single dominant framing orientation based
on its primary emphasis. Neutral framing was defined as posts that conveyed information about the regulatory
development without evaluative language, attribution of responsibility, or reference to sustainability concerns.

Posts were also coded for one or more sustainability dimensions.

Coding was conducted by the sole author using an iterative and structured procedure. An initial pilot coding phase
was undertaken to refine category definitions, clarify boundary conditions, and establish decision rules. This was
followed by full-corpus coding. To enhance internal consistency, a subset of posts was revisited after the initial

coding phase to verify the stability of coding decisions across categories.

An audit trail of coding decisions, analytic memos, and category refinements was maintained throughout the
process. Transparency and reproducibility are further supported by the provision of the full codebook (Appendix
A) and the availability of the processed dataset (including post URLs and assigned variables) for secondary review.
Such approaches are recognised as appropriate for ensuring rigour in single-coder qualitative framing studies,

particularly in exploratory research contexts (Wang & Huang, 2018).

3.5 Ethical considerations and use of Al tools

12
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The analysis was restricted to publicly available posts. No interaction with platform users occurred, and no
personally identifiable information is reported. Illustrative excerpts are paraphrased to reduce traceability, in line
with ethical guidelines for internet-mediated research (Townsend & Wallace, 2016; Association of Internet

Researchers, 2019).

Artificial intelligence tools were used solely for language refinement and structural editing. These tools did not
generate data, conduct analysis, or influence coding or interpretation. All methodological decisions and analytical

judgments remain the responsibility of the author.

4. Results

This section presents the empirical findings of the study, organised according to the research objectives. Coding

categories and definitions are detailed in Appendix A.
4.1 Distribution of framing orientations in post-approval discourse

A total of 207 posts were analysed within the defined temporal window. Framing orientation analysis indicates that
discourse following the regulatory approval was dominated by neutral and technologically optimistic frames, with
environmental risk frames appearing comparatively infrequently. Neutral framing constituted the largest proportion
of posts, followed by technological optimism, while environmental risk and hybrid frames accounted for a smaller
share of the dataset (Fig. 1). This distribution reflects a communicative environment in which the approval event

was primarily presented in descriptive or affirmative terms rather than as a contested sustainability issue.

Neutral framing was characterised by informational or descriptive content that reported the FCC approval or
satellite expansion without evaluative language, attribution of responsibility, or reference to sustainability
implications. In the dataset, such posts frequently relayed details of the regulatory decision, constellation size, or
deployment plans without invoking environmental—orbital concerns such as debris accumulation or collision risk.
As aresult, Low Earth Orbit was implicitly constructed as a technical or administrative domain rather than a socio-

environmental system.

13
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Figure 1: Distribution of dominant framing orientations (n=207)

Technological optimism represented the second most prominent framing orientation. These posts emphasised the
benefits of satellite expansion, particularly in relation to global connectivity, innovation, and infrastructural
development. In contrast, environmental risk framing explicitly referenced sustainability concerns such as orbital
congestion or long-term debris accumulation, but remained marginal within the overall distribution. For reference,

the numerical distribution of these dominant framing orientations is summarised in Table 1.

Table 1. Dominant framing orientations in new media discourse

Dominant framing orientation | Number of posts (n) | Percentage of posts (%)
Neutral 88 42.5
Technological Optimism 74 35.7
Hybrid Framing 24 11.6
Environmental Risk 21 10.1

The limited presence of hybrid frames suggests that posts rarely integrated both opportunity and risk narratives

within the same discourse unit.

14
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4.2 Articulation of sustainability dimensions

Across the dataset, sustainability was unevenly articulated, with clear differences in the visibility of specific
dimensions. Governance and responsibility emerged as the most frequently referenced sustainability dimension,
followed by socio-technical considerations. In contrast, environmental—orbital and operational sustainability were

comparatively underrepresented (Fig. 2).

Posts coded under governance and responsibility typically referenced regulatory decisions, institutional authority,
or corporate actors, framing sustainability in terms of oversight, approval processes, or accountability structures.
These posts often discussed the role of the FCC or the legitimacy of the expansion decision, without necessarily

engaging with environmental consequences.

Socio-technical sustainability appeared in posts that emphasised the societal benefits of satellite expansion,
including improved connectivity, digital inclusion, and technological advancement. These narratives frequently

aligned with technological optimism frames and prioritised Earth-based outcomes over orbital constraints.

200 -
175 1
150 1
1254
100

75 1

50 1

254

Number of posts referencing dimension

Sustainability dimension

Figure 2. Sustainability dimensions referenced in discourse
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Environmental—orbital sustainability, including concerns about debris accumulation, collision risk, and
congestion, was present but relatively limited. Similarly, operational sustainability, relating to the long-term
functioning and safety of satellite systems appeared infrequently in the dataset. A numerical summary of

sustainability dimensions is provided in Table 2.

Table 2. Sustainability dimensions referenced in new media posts

Sustainability dimension Posts referencing dimension (n)
Governance & Responsibility 196

Socio-technical sustainability 72

Environmental—orbital sustainability | 44

Operational sustainability 9

Importantly, a substantial proportion of posts, particularly those classified as neutral, did not explicitly reference
any sustainability dimension. In these cases, sustainability was not contested but effectively absent from the

discourse.

4.3 Problem definitions in discourse following regulatory approval

Problem definitions within post-approval discourse were strongly concentrated around institutional and
regulatory concerns. Regulatory inadequacy was identified as the dominant problem definition in the majority of
posts. In contrast, explicitly environmental problem definitions, such as orbital debris accumulation or orbital
congestion were comparatively rare. A small number of posts did not articulate a clearly identifiable problem
definition. This pattern suggests that discourse responding to the regulatory decision primarily framed
sustainability challenges as issues of governance and decision-making rather than as manifestations of

environmental degradation or operational instability.

16
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Figure 3. Problem definitions in post-approval discourse

4.4 Relative prominence of technological optimism and environmental risk

The dataset reveals a clear imbalance between technological optimism and environmental risk narratives.
Technological optimism was significantly more prevalent, reflecting a dominant discourse that framed satellite
expansion as beneficial, necessary, or inevitable. Posts within this category frequently highlighted positive
outcomes such as expanded internet access, innovation, and economic development. These narratives often
positioned the expansion as a solution to existing connectivity gaps, reinforcing a forward-looking and progress-

oriented framing.

By contrast, environmental risk narratives were comparatively rare. Where present, they explicitly foregrounded
concerns related to orbital sustainability, including congestion, debris accumulation, and potential long-term
hazards to the LEO environment. However, these frames did not achieve comparable visibility within the dataset.
The coexistence of these frames was limited, as indicated by the low frequency of hybrid framing. This suggests
that discourse tended to privilege either opportunity or risk, rather than integrating both perspectives within a

single interpretive frame.
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4.5 Framing of responsibility and treatment recommendations

Analysis of framing functions indicates that while problem definitions and causal interpretations were present in
portions of the dataset, moral evaluations and treatment recommendations were notably limited. Responsibility was
most commonly framed in relation to institutional actors, particularly regulatory bodies such as the FCC, and
corporate actors such as SpaceX. These references typically appeared within governance-oriented posts and were

often descriptive rather than evaluative.

Moral evaluation defined as explicit judgments regarding the appropriateness or consequences of the expansion
was relatively rare. Similarly, treatment recommendations, including proposals for regulatory reform, technological
mitigation, or alternative governance approaches, were largely absent from the dataset. Where responses were
articulated, calls for stronger regulation were the most frequently proposed treatment. Technical fixes and
innovation-oriented solutions appeared less often, while references to self-governance or collective approaches

WErC rarc.

This absence of solution-oriented discourse suggests that while the approval event was widely discussed, it was not
frequently framed as requiring intervention or corrective action. Instead, discourse tended to present the expansion

as an established or ongoing process rather than a contested issue requiring policy response.

Number of posts

Treatment recommendation

Figure 4. Treatment recommendations proposed in discourse
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520

This pattern indicates an asymmetry within the discourse: governance was frequently identified as problematic,
yet concrete or diversified proposals for addressing sustainability challenges were limited. A numerical summary

of treatment recommendations is provided in Table 3.

525

Table 3. Frequency of treatment recommendations identified in posts

Treatment recommendation | Number of posts (n)
No solution proposed 140

Stronger regulation 53

Technical fixes 11

Innovation prioritisation 7

Self-governance 1

530

4.7 Temporal distribution of discourse relative to regulatory approval

535 The dataset was overwhelmingly composed of post-approval discourse (n = 204), with only a small number of
posts (n = 5) occurring prior to the regulatory decision. As a result, findings primarily reflect post-event reactions

rather than anticipatory discourse.
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Figure 5. Temporal distribution of posts relative to FCC approval
560
Within this post-approval context, the dominance of neutral and technologically optimistic framing remained
consistent, with no substantial variation observed across the temporal segments included in the dataset.
565

5. Discussion

570 5.1. Reconsidering neutrality in post-approval discourse

The most striking finding of this study is not simply the numerical dominance of neutral framing, but the way in
which this framing structured the communicative environment through which the Starlink expansion was rendered
intelligible. A substantial portion of posts presented the FCC decision in descriptive and administrative terms, often
575 reproducing institutional language with minimal interpretation. For example, one post summarising the regulatory
announcement stated that the Federal Communications Commission had approved SpaceX’s request to deploy an
additional 7,500 second-generation Starlink satellites, increasing the authorised constellation to 15,000 (Office of

Chairman Brendan Carr [@FCC], 2026). Similarly, other posts framed the decision in headline-style reporting,
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emphasising that the FCC had “approved SpaceX to deploy up to 15,000 next generation Starlink satellites, up
from 7,500,” thereby foregrounding scale and regulatory action without further elaboration (Space News Update
[@SpaceNews], 2026).

This pattern is further reinforced by posts that replicate journalistic reporting formats. For instance, one widely
circulated tweet citing Reuters noted that “the FCC approves SpaceX’s request to deploy an additional 7,500 Gen2
Starlink satellites, bringing the total to 15,000 satellites worldwide” (Shepardson, D. [@davidshepardson], 2026).
Across these examples, the emphasis consistently rests on institutional approval, numerical expansion, and

procedural legitimacy.

Within Entman’s (1993) framework, such posts clearly perform the function of problem definition, identifying the
event as a regulatory decision and specifying its scale. However, they largely omit the remaining framing functions,
causal interpretation, moral evaluation, and treatment recommendation. The expansion is presented as an
administrative outcome rather than as a contested issue involving environmental risk, governance adequacy, or
long-term sustainability. In this sense, neutrality does not indicate the absence of framing, but rather reflects a

selective emphasis that positions the expansion as a procedural and technical development.

This pattern is consistent with framing scholarship demonstrating that even ostensibly factual or descriptive
reporting constitutes a form of framing through processes of selection and salience (Scheufele, 1999). By
foregrounding institutional action and numerical growth while backgrounding environmental consequences, such
discourse contributes to the normalisation of large-scale constellation expansion. Neutrality, in this context,
operates less as the absence of framing than as a stabilising communicative mode, one that renders expansion

intelligible without rendering it problematic.

The dataset also suggests that this neutral framing is closely tied to journalistic and quasi-journalistic styles of
communication, including headline formats, attribution to official sources, and the repetition of regulatory language.
This reinforces the authority and legitimacy of the decision while limiting interpretive depth. As a result,

sustainability concerns remain implicit rather than explicitly articulated.

This dynamic aligns with prior research in environmental communication, which shows that complex, long-term

risks, particularly those that are temporally delayed or spatially abstract are often marginalised in favour of
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institutional and procedural narratives (Nisbet, 2009; Boykoff, 2011). In the context of Low Earth Orbit (LEO),
where environmental degradation is not directly observable and unfolds cumulatively over time, such informational
framing may be especially consequential. By privileging regulatory action and technological scale, neutral
discourse reduces the visibility of sustainability concerns at precisely the moment when large-scale expansion is

authorised.

5.2 The communicative gap between orbital physics and public framing

The limited visibility of environmental-orbital sustainability in the dataset stands in marked contrast to the
scientific literature on orbital debris and long-term system instability. Foundational studies have long established
that Low Earth Orbit is a finite and fragile environment, susceptible to cascading collision dynamics (Kessler &
Cour-Palais, 1978; Liou & Johnson, 2006). More recent works have demonstrated that the proliferation of large
satellite constellations increases the probability of long-term congestion and instability, even under optimistic

mitigation scenarios (Bastida Virgili et al., 2016; McDowell, 2020; Pardini & Anselmo, 2020, 2021).

Despite this well-established body of knowledge, environmental risk appeared only marginally in the analysed
discourse. When present, it was often embedded within broader governance or hybrid frames rather than articulated
as a central concern. The absence is particularly notable given that the FCC decision itself explicitly engaged with

issues such as debris mitigation and coordination with scientific institutions.

This disjunction suggests the existence of a communicative gap between expert understandings of orbital
sustainability and their representation in public discourse. Similar gaps have been observed in other environmental
domains, where complexity, uncertainty, and temporal delay reduce the salience of risk (Oreskes & Conway, 2010;
Stirling, 2010). In the case of orbital space, this challenge is amplified by the lack of direct observability. Unlike
terrestrial environmental crises, orbital congestion cannot be seen, experienced, or easily visualised, making

discourse heavily dependent on institutional and media framing.

As aresult, even scientifically central concerns such as cumulative debris risk or long-term orbital carrying capacity

remain largely peripheral in early-stage public communication following major regulatory events.
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5.3. Technological optimism and the normalisation of expansion

Alongside neutral framing, technological optimism emerged as a prominent narrative orientation within the dataset.
This framing was particularly evident in posts that explicitly linked regulatory approval to societal benefits, national
progress, and enhanced technological capability. For example, one widely circulated post framed the FCC decision
as part of a broader narrative of technological leadership, stating that the authorization of up to 15,000 next-
generation Starlink satellites would enable “better, faster, and more advanced Internet services” while positioning
the expansion within a discourse of national advancement (Office of Chairman Brendan Carr [@FCC], 2026a).
Here, regulatory approval is not merely described but imbued with a strong positive evaluation, linking expansion

to progress, capability, and public benefit.

A similar pattern appears in posts that emphasise connectivity and service improvement. For instance, another post
noted that the expansion would allow SpaceX to deliver “high-speed, low-latency” internet services, directly
associating the increase in satellite numbers with enhanced technological performance and infrastructure
development (SpaceX Launch Updates [@SpaceXLaunch], 2026). Likewise, posts highlighting the approval of
7,500 additional satellites frequently connected this expansion to broader functional benefits, including improved
global broadband coverage and the development of new communication capabilities (Market Signals
[@MarketSignals], 2026). In these cases, the expansion is framed not as a regulatory outcome requiring evaluation,

but as an enabling condition for technological advancement.

Within Entman’s (1993) framework, these posts extend beyond problem definition to incorporate implicit moral
evaluation, where expansion is framed as beneficial, desirable, and aligned with societal progress. The positive
orientation is often conveyed through terms such as “better,” “faster,” and “advanced,” as well as through the
association of satellite deployment with connectivity and innovation. Even when presented in descriptive terms,
these linguistic choices embed a normative judgment that positions technological growth as inherently valuable.

Importantly, this optimistic framing often co-occurs with narratives of momentum and inevitability. Posts linking
regulatory approval with ongoing launch activity reinforce the sense that expansion is both continuous and expected,
contributing to a broader narrative in which large-scale constellation growth appears as a natural trajectory rather
than a contested development. The cumulative effect is the normalisation of expansion through its association with

progress, performance, and infrastructural necessity.
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This pattern aligns with scholarship on technological imaginaries, which demonstrates that large-scale
infrastructures are frequently framed as solutions to societal challenges, particularly in relation to connectivity,
development, and global integration (Jasanoff & Kim, 2015; Couldry & Hepp, 2017). In this context, the Starlink
constellation is constructed less as an environmental intervention and more as a socio-technical system delivering
tangible benefits. The emphasis on connectivity and service enhancement positions expansion within a solution-

oriented narrative, where technological growth is equated with societal improvement.

From a framing perspective, this orientation subtly reconfigures the interpretive boundaries of the issue. Rather
than questioning whether expansion should occur, discourse tends to assume its inevitability, directing attention
toward its scale, implementation, and utility. Environmental constraints such as orbital congestion, debris
accumulation, or long-term system sustainability are not explicitly denied, but they are largely displaced from the

central narrative.

This dynamic reflects critiques of techno-solutionism, where systemic limits are reframed as manageable through
future innovation rather than as grounds for precaution in the present (Morozov, 2013; Stirling, 2010). Within the
orbital sustainability literature, similar tendencies can be observed in the emphasis on mitigation strategies such as
improved tracking systems or collision avoidance technologies without fully addressing cumulative limits or

carrying capacity (Murtaza et al., 2020; Pelton, 2015).

Taken together, the findings suggest that technological optimism plays a key role in shaping public discourse
around large-scale satellite expansion. By foregrounding benefits such as enhanced connectivity, improved
performance, and national technological advancement, this framing contributes to the normalisation of expansion

while simultaneously rendering long-term environmental constraints less visible within the communicative frame.

5.4. Governance as the dominant sustainability lens

Where sustainability concerns did emerge, they were most frequently articulated through governance and
responsibility rather than environmental—orbital or operational dimensions. Many posts implicitly or explicitly
foregrounded regulatory actors, institutional timelines, and approval processes. For example, one post emphasised
the procedural history of the application, noting that the expansion request was submitted in September 2025 and

approved within approximately four months.
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This focus aligns with legal and policy scholarship highlighting the central role of national regulators in shaping
orbital outcomes within a fragmented governance landscape (Jakhu & Pelton, 2017; Lyall & Larsen, 2018; von der

Dunk, 2018). In such a system, high-profile approvals naturally become focal points for public discourse.

However, the dominance of governance framing has important implications. While it makes visible the role of
institutions and decision-making processes, it also risks reducing sustainability to a question of regulatory adequacy
rather than ecological limits. In Entman’s terms, governance frames provide a form of causal attribution, locating
responsibility in regulatory bodies but often stop short of deeper moral evaluation or systemic critique.

This pattern resonates with Ostrom’s (1990) conceptualisation of shared resource systems, where governance
structures shape collective outcomes but do not automatically ensure sustainability. In the case of LEO, the
emphasis on approval processes may obscure the underlying issue: whether current governance mechanisms are

sufficient to manage a finite orbital environment under conditions of rapid expansion.

5.5. Absence of solutions and weak normative closure

A further notable finding is the relative absence of treatment recommendations within the dataset. Even
when governance issues were implicitly acknowledged, few posts proposed concrete responses or
alternative pathways. Where solutions were suggested, they tended to focus narrowly on regulatory

oversight rather than technical or collective approaches.

From a framing perspective, this is significant because treatment recommendations constitute a key
mechanism through which discourse translates recognition into action (Entman, 1993). Their absence
suggests a form of weak normative closure, where the issue is recognised but not fully problematised or

resolved within public discourse.

This may reflect the temporal dynamics of issue attention. As Downs (1972) argues, emerging issues
often pass through phases of heightened visibility followed by attenuation, particularly when solutions
are complex or costly. In this case, the early-stage dominance of informational and governance frames

may limit the development of more substantive policy debates.
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5.6 Implications for theory, policy, and communication practice

The findings of this study carry implications across theoretical, governance, and communication domains,
particularly in relation to how scientific knowledge is translated into public understanding and policy-relevant

action.

From a theoretical perspective, the study extends framing research into the domain of Earth-space systems,
demonstrating that framing operates not only through explicit argumentation but also through patterns of visibility
and omission. The prominence of neutral and technologically optimistic narratives coupled with the relative
marginalisation of environmental-orbital concerns suggests that platform-mediated discourse can stabilise
particular interpretations of technological expansion while downplaying alternative perspectives. This pattern
aligns with broader media analyses of orbital debris coverage, which similarly show that risks to everyday satellite
services and long-term orbital sustainability receive far less emphasis than more sensational but less systemic
threats such as falling debris (Kohl et al., 2025). In this context, the marginalisation of environmental—orbital
concerns functions as a key mechanism shaping the interpretive landscape. This underscores the importance of
examining not only what is communicated, but also what remains underrepresented, in understanding how

sustainability is constructed within complex socio-technical systems.

From a governance perspective, the results indicate that the presence of scientific knowledge alone does not ensure
its influence on regulatory processes. Although the environmental constraints of Low Earth Orbit are well
established in scientific and policy literature, they appear only weakly reflected in public discourse surrounding
major regulatory decisions. This disconnect has implications for the sustainable governance of orbital space, which
operates as a shared infrastructure underpinning critical services such as communication, navigation, and data
systems. When sustainability risks remain peripheral in public communication, they are less likely to be integrated
into policy prioritisation or regulatory design, potentially reinforcing governance approaches that favour short-term
expansion over long-term system stability. Such dynamics are consistent with analyses framing space debris as a
collective-action problem in a global commons, where existing institutional arrangements have proven insufficient
to translate expert knowledge into effective collective responses (Lambach and Wesel, 2021; Morin and Richard,

2021).

These dynamics are closely linked to questions of productivity within space systems. The long-term economic and
technological value of satellite infrastructure depends on the continued functionality and accessibility of orbital
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environments. Insufficient attention to cumulative environmental pressures may undermine system reliability, with
cascading effects across sectors dependent on space-based services. In this sense, sustainable governance is not
only an environmental imperative but also a prerequisite for maintaining the productive capacity of space

technologies.

A central implication of this study therefore concerns the role of communication as a mediating mechanism between
scientific knowledge and governance outcomes. The findings suggest that visibility within public discourse is a
critical factor in determining which aspects of sustainability are recognised and acted upon. When communication
emphasises regulatory procedures and technological benefits while limiting the salience of environmental risks, it

constrains the scope of public engagement and reduces opportunities for broader accountability.

Addressing this imbalance requires a shift in how geoscientific knowledge is communicated. Transparency in
regulatory processes is necessary but insufficient; communication strategies must also ensure that sustainability
risks, uncertainties, and trade-offs are clearly articulated in accessible forms. This includes strengthening the
presence of scientifically grounded narratives on widely used digital platforms, where public discourse is actively
shaped and circulated. Enhancing the visibility and interpretability of environmental dimensions building on
differentiated sustainability frameworks developed for spaceflight contexts (Maiwald, 2023) can support more

informed public engagement.

Such engagement has the potential to influence governance processes. A public that is better informed about both
the benefits and risks of space technologies is more likely to participate in discourse that holds institutions
accountable and supports policy approaches aligned with long-term sustainability objectives. In this way,
geoscience communication becomes a functional component of governance systems, shaping not only awareness

but also the conditions under which technological development and environmental stewardship are negotiated.

Taken together, these implications highlight the interconnected roles of communication, governance, and
productivity in the management of orbital environments. Ensuring the sustainable use of Low Earth Orbit will
depend not only on advances in technology and regulation, but also on the capacity of communication systems to

render complex scientific knowledge visible, accessible, and actionable within public discourse.
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5.7. Limitations and directions for future research

These interpretations should be read in light of the study’s limitations. The analysis is restricted to
English-language posts on a single platform and covers a short time window around one regulatory
decision. This design captures an event-specific discursive concentration rather than a full public sphere
or a long-term framing trajectory. The single-coder design, while supported by a structured codebook and
audit trail, also places greater weight on procedural transparency than on intercoder reliability. Future
research should extend this work longitudinally, comparatively, and cross-platform, and should explore
whether environmental risk frames gain salience over time or vary across media environments and
national contexts. Comparative studies could also examine whether other regulatory events produce

similar patterns of governance-dominant and environmentally weak discourse.

6. Conclusion

This study examined how the sustainability of Low Earth Orbit (LEO) is framed in new media discourse following
a major regulatory decision, namely the Federal Communications Commission (FCC) approval of the Starlink
Gen?2 satellite expansion. It aimed to identify dominant framing orientations, assess how sustainability-related
concerns are articulated, evaluate the balance between technological optimism and environmental risk narratives,

and analyse how responsibility and potential solutions are constructed within this discourse.

The findings show that LEO sustainability is selectively constructed within an event-driven communication context.
Public discourse was dominated by neutral framing, with limited engagement in explicit evaluative or critical
discussion. Where interpretive positions were evident, technological optimism outweighed environmental—orbital
risk narratives. Moreover, sustainability when invoked was primarily framed through governance and responsibility
dimensions, rather than through environmental or operational concerns such as debris accumulation or collision
risk. Explicit treatment recommendations were largely absent, indicating a weak articulation of actionable

responses within the observed discourse.

These patterns suggest that regulatory events may not necessarily catalyse critical debate, but instead stabilise

discourse around institutional processes and technological advancement. In this context, framing operates not only
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through overt argumentation but also through repetition, visibility, and omission, shaping what becomes salient
and what remains marginal. The limited visibility of environmental risk highlights how communicative
environments can normalise large-scale technological expansion without fully engaging with its long-term

sustainability implications.

From a theoretical perspective, the study extends framing analysis into an Earth—space domain, demonstrating how
sustainability is unevenly constructed across environmental, governance, and socio-technical dimensions. It also
underscores the importance of absence and marginalisation as key mechanisms of framing in platform-mediated
environments, where the visibility of certain concerns is contingent on communicative dynamics rather than

scientific consensus alone.

In practical terms, the findings point to a communicative imbalance in which narratives of innovation and
connectivity are more visible than those of long-term environmental risk. This has implications for policy and
governance, as public discourse can shape both the perceived urgency and direction of regulatory responses.
Addressing this imbalance requires not only increased transparency but more deliberate communication strategies
that integrate scientific knowledge of orbital sustainability into accessible public discourse. Expanding geoscience
communication beyond academic and institutional contexts into widely used digital platforms may therefore be

critical in supporting more informed public engagement and accountable governance.

Several limitations should be acknowledged. The analysis is based on English-language posts from a single
platform (X) within a defined 20-day window, capturing a concentrated but temporally limited snapshot of
discourse. The relatively small number of pre-approval posts also constrains the ability to assess temporal shifts in
framing. In addition, the study does not account for cross-platform dynamics or variations across linguistic and

cultural contexts.

Future research should extend this work longitudinally and comparatively, incorporating multiple platforms and
broader geopolitical settings. In particular, examining how framing patterns evolve as the material consequences
of orbital congestion become more visible would provide valuable insight. As satellite constellations continue to
expand, understanding how sustainability is communicated and how it gains or loses visibility in public discourse

will remain central to the effective governance of Low Earth Orbit as a shared socio-technical environment.
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7. Appendix A. Coding Framework

EGUsphere\

850
Table Al. Structural and screening variables
Variable Code | Operational Definition Application Decision Rules
Time Segment TS Classification relative to FCC approval Pre-approval / Post- | Based on timestamp within +£10-day
event approval window
Event ER Whether post is substantively related to | Included / Excluded | Must clearly reference approval or
Relevance Starlink FCC approval expansion
Language LE Whether post is English-dominant Included / Excluded | Non-English posts excluded; mixed
Eligibility cases reviewed contextually
Truncation Flag | TF Indicates whether post text is truncated Yes / No Truncated posts verified via original
in dataset URL where necessary
855
Table A2. Framing functions (Entman, 1993)
Code | Framing Function | Operational Inclusion Criteria Exclusion Indicators / Signals | Decision Rules
Definition Criteria
PD Problem Identifies the issue Any explicit or Purely “debris”, Code only when
Definition or condition implicit identification | descriptive “congestion”, an issue is
presented as salient of a problem, risk, or | posts without | “approval”, identifiable
in relation to focal issue implied issue | “connectivity gap”
Starlink expansion
or LEO
sustainability
CI Causal Attributes Mentions of actors Statements “FCC approved”, Code only when
Interpretation responsibility or (e.g., SpaceX, FCC), | without “SpaceX causality is
cause to an actor, or causal mechanisms | attribution responsible”, explicit or
system, or process “technology clearly implied
enables”
ME | Moral Evaluation | Provides a Evaluative language Neutral “irresponsible”, Avoid over-
normative judgment | indicating approval, reporting “necessary”’, interpretation;
(positive or concern, or criticism without “dangerous”, code only when
negative) evaluative “innovative” tone is clear
tone
TR Treatment Suggests solutions, Explicit or implicit Criticism “should regulate”, | Broad or indirect
Recommendation | actions, or responses | recommendations without “need mitigation”, | solutions are
(policy, technological, | suggested “innovation will included
institutional) action solve”
860
865
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Table A3. Framing orientation (dominant frame)

EGUsphere\

Code | Frame Operational Inclusion Criteria Exclusion Indicators / Decision Rules
Orientation Definition Criteria Signals
FO1 | Technological | Frames expansion Emphasis on Balanced or “innovation”, Must be the dominant
Optimism as beneficial, innovation, risk-focused “global internet”, | evaluative tone
progressive, or connectivity, framing “progress”,
solution-oriented efficiency, or “connectivity”
inevitability
FO2 | Environmental | Frames expansion Focus on debris, Governance- “space debris”, Must explicitly
Risk as environmentally | congestion, collision | only or neutral | “collision risk”, reference
or operationally risk, atmospheric or | posts “light pollution” | environmental/orbital
harmful astronomical impact harm
FO3 | Hybrid Simultaneous Clear articulation of | One-sided “benefits but Both elements must be
presence of both benefits and framing risks”, substantively present
optimism and risk risks “innovation yet
dangerous”
FO4 | Neutral / Descriptive or News-style Any “FCC Default only when no
Informational factual reporting, evaluative or approves...”, evaluative cues are
communication announcements, interpretive “Starlink present
without clear factual updates language expands...”
evaluation
Table A4. Sustainability dimensions of Low Earth Orbit
Code Dimension Operational Inclusion Criteria Exclusion Indicators / Signals Decision Rules
Definition Criteria
SD1 | Environmental- | Physical References to Governance or “orbital debris”, Code even if
Orbital sustainability of | debris, congestion, | operational issues “crowded orbit”, implicitly
LEO as an collision risk, without “collision risk”, “re- | referenced
environment atmospheric or environmental link | entry emissions”
astronomical
impacts
SD2 | Operational Functional References to Environmental or “system reliability”, | Can co-occur
sustainability of | reliability, safety, governance-only “network stability”, | with other
satellite systems | performance, or framing “failure risk” dimensions
system functioning
SD3 | Governance / Regulatory, Mentions of Purely technical or | “FCC”, Applied
Responsibility institutional, or policy, regulation, | environmental “regulation”, conservatively to
corporate oversight, or content without “policy”, avoid overcoding
accountability responsibility institutional “accountability”
reference
SD4 | Socio-technical Links orbital References to Technical-only “digital divide”, Must explicitly
systems to connectivity, content without “global connect space
societal benefits | economic benefits, | societal link connectivity”, activity to
or trade-offs innovation, or “economic impact” societal outcomes
public value
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Data availability

The dataset analysed in this study consists of publicly available posts collected from the social media platform X
(formerly Twitter) using keyword-based searches related to the regulatory approval and expansion of the Starlink
satellite constellation. The dataset includes post URLSs, timestamps, engagement metrics (e.g., retweets, likes,

impressions), and qualitative coding variables used in the framing analysis, including problem definitions, causal

attributions, moral evaluations, treatment recommendations, and sustainability dimensions.

To support transparency and reproducibility, the processed dataset used for analysis, including post URLs, coding
categories, and derived analytical variables will be deposited in a public research data repository prior to final
publication and assigned a Digital Object Identifier (DOI). Documentation describing the data collection

procedure, search queries, inclusion criteria, and coding framework will be provided alongside the dataset.

In accordance with platform policies and ethical considerations regarding user-generated content, the full text of
posts is not redistributed in the repository. Instead, the dataset provides post URLs and identifiers that allow the
original content to be retrieved directly from the platform. These materials enable other researchers to reconstruct

the dataset and replicate the analysis reported in this study.

The coding scheme and additional materials necessary to reproduce the results will be included in the same
repository. Until public release, the dataset can be made available to reviewers upon request for the purposes of

peer review.
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available online data. To protect user privacy, individual post content is not reproduced in the dataset repository;
instead, post URLs or identifiers are provided where permitted. No interaction with platform users occurred as

part of the research.
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