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Abstract.  Space activities are still one of the most contentious issues for science and
technology policy because of their high cost and impact on social development. Using STS,
this paper examines whether space exploration is a social necessity or merely a privilege for
the rich. The three components of the analytical system proposed in this paper are space
utilisation, space exploration and space spectacles, and their respective legitimacies. In
short, the legitimacy of any Space project should not be based on its large scale or
inspirational quality, but on whether it can generate real public goods, support the long-term
social values of choice, and establish an enduring and fair governance system. Space
activities should benefit the general public, be open to all sectors of society, have
transparent organisation, and fairly distribute the right of participation and benefits among
everyone. Only then will they meet the criteria of legality and necessity and be considered
legal public investments.
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1. Introduction

The division of public funds for space programmes remains an outstanding problem in science and
technology policy. On the one hand, space programmes are exceptionally expensive and high-risk,
and are often viewed as displays of national power or costly indulgences for an elite few [1]. On the
other hand, space-based facilities are now so deeply integrated into the existing infrastructure of
contemporary society that people do not pay much attention to them any longer [2]. STS generally
investigates both the reasons for considering these main technological projects "socially necessary"
and the questions of authority over them in the course of assessing the technical feasibility or
economic costs of space endeavors [3]; that is to say, whether these projects serve the public interest
or become symbols of national prestige, tools for commercial monopoly, or instruments of
consumption for the elite.

Given the above, this paper will present a three-part system of analysis: space utilisation, space
exploration and space spectacle. Space utilisation refers to the application of orbital and suborbital
technology for the purpose of achieving direct, tangible benefits for life on Earth [4]. Space
exploration is the study and exploration of outer space by science and people. Space spectacle shows
activities that are mainly motivated by symbols, commerce or the elite [1]. No large-scale
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development plan can be justified solely by its inherent value or idealistic aspirations. Such projects
need to show that they can create tangible public goods, protect the long-term strategic and
economic competitiveness of society as a whole, and be under institutional frameworks that ensure
sustainability and fairness [5, 6]. Using a Science, Technology and Society (STS) perspective to
explore the social construction of technological necessity, this paper hopes to provide a normative
foundation for differentiating legitimate public space investment from expenditures serving narrow
and less defensible interests.

2. Space utilisation as present necessity

Space utilisation is the use of orbital and suborbital technologies in daily life on Earth. Contrary to
the view that space capabilities are distant scientific luxuries, the space economy today is a large-
scale ecosystem of activities covering exploration, research and development, resource management
and operational services [7, 8]. Space-based systems have been integrated into the modern
infrastructure to some extent, and their withdrawal would cause a system-wide collapse of all sectors
in society. GPS and other satellite navigation systems worldwide support the operation of private
cars, are used in the construction of the global supply chain, ensure the safety of flights and ships,
and support high-precision agriculture [4]. The absence of these capabilities would not merely
inconvenience modern economies; it would severely compromise public administration, disaster
resilience, food security, and environmental governance. functions as critical infrastructure, a space
utilisation domain in which the production and equitable distribution of public goods justifies
continued collective investment. It is also necessary for maintaining social order, public security,
and the general administration of countries.

However, from an STS perspective, the claim that space technology is "necessary" also requires
examination. Such systems have certain power relations, institutional priorities and distribution
choices that are often hidden by their very ubiquity [9]. As technology becomes ubiquitous and its
political connotations gradually disappear, significant problems such as regulation, distribution,
control and power, rights of opposition for the monitored group, and accountability mechanisms for
negligence gradually go unnoticed by the public. Thus, the requirement for space utilisation cannot
be determined by technical functions alone; it is also affected by governance structures that regulate
access, risk allocation and benefit distribution in the world community [10].

The legitimacy of space utilization as a public investment depends on the extent to which it
operates within sustainable and equitable governance frameworks. When satellite data, climate
monitoring, and communications infrastructure provide conveniences for production and daily life,
space utilization fulfils the criteria of public good production. However, when orbital resources are
monopolized by a handful of countries and corporations, space debris risks lack corresponding
accountability mechanisms, and the benefits of space data flow disproportionately to specific
regions, the necessity of space activities becomes difficult to justify. The distinction between
legitimate space utilization and less defensible forms of space activity, therefore, hinges not on the
technology itself but on the governance arrangements that shape its deployment and distribution. It
must be subject to democratic deliberation and international oversight if space is to serve the public
interest.

3. Space exploration: conditional justification

Space exploration does not bring immediate dividends; instead, the benefits will only be realised
several generations from now. Therefore, exploration does not have the self-evident legitimacy that
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development and exploitation possess from the start of a project. The Legitimacy of Space
Exploration is Contingent. It should be shown that it serves the public interest, not to boost national
pride, to pursue commercial profits or to satisfy the wishes of a few privileged people.

The view that exploration lacks immediate practical value and is thus a waste of public funds is
based on a narrow concept of utility that only considers visible, short-term returns. Knight's first
division of risk and uncertainty is that risk is a situation in which the probability distribution of
future outcomes is known, whereas uncertainty refers to conditions in which the future state of the
world cannot be envisioned in advance [11]. Climate tipping points and trajectories of resource
depletion are all deep uncertainties for which no probabilistic forecast exists. Thus, the construction
of a powerful technological and knowledge base for space exploration serves as a kind of option
value; it is an investment in capabilities that may be needed to face unforeseen circumstances in the
future. Romer's endogenous growth theory shows that knowledge is non-rivalrous and partially
excludable; that is, an increase in one area can spread to boost the productivity and innovation of the
whole economy [12]. Space exploration has produced many such spillover effects, including
materials science developed for spacecraft R&D that offers new ways to manufacture on Earth; life
support systems designed for extraterrestrial environments that are benefiting medicine and
environmental engineering; and the computational power required by mission planning that is
advancing artificial intelligence and data processing. The above spillover effects will help promote
the long-term development of the economy and extend the public's knowledge base. However, the
spillover effect is not automatic; rather, institutional mechanisms need to be established to promote
it, such as open-access publication, technology transfer programs and public-private cooperation.
These mechanisms will extend the application of space knowledge to other areas [13].

From the perspective of STS, visions of a technological future often contain broad social ideas
about the aims of people, the future of society, and the nation [14]. Space exploration is appealing
because it can show people what life will be like in the future. Sociotechnical imaginaries can serve
the public interest in the long run by motivating people and promoting international cooperation. It
is not appropriate to omit the distribution of benefits and replace the expression of aspiration with
unaccountable governance. Space exploration has conditional legitimacy if and only if the three
conditions are met. First, it needs to create real public goods and promote the scientific exploration
of fundamental problems in life [15]. Secondly, it should be able to boost the long-term
competitiveness and resilience of society tangibly [16]. Third, it should be in a good government
that guarantees the long-term sustainability of the plan and fair distribution of benefits. If the
purpose of exploration is solely to achieve symbolic or grandiose ends, if its benefits are limited to a
particular group of people, or if there is no transparent and inclusive governance system, then it will
no longer be regarded as a legitimate public investment.

4. Space spectacle

Space spectacle encompasses activities whose primary purpose is symbolic, commercial, or elite-
consumption-driven and media events that commodify the cosmos for entertainment and distraction
[1]. These activities do not merely fail the test of public legitimacy; they actively undermine it by
diverting scarce collective resources toward purposes that benefit narrow constituencies while
externalizing costs onto the broader public and future generations.
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4.1. Opportunity costs and the diversion of collective resources

Space activities at the national level are extraordinarily capital-intensive, high-risk, and
characterized by extended payback periods. Given the persistence of global poverty, pandemic
preparedness deficits, and educational inequality, the allocation of public funds to projects whose
primary output is symbolic status or elite entertainment raises a profound question of allocative
justice. The claim is when produced at the expense of material improvements in the welfare of the
broader population, fails to satisfy the criterion that public investment must generate benefits with
widespread and equitable distribution. When exploration serves identifiable public purposes, the
opportunity cost may be justifiable. Where spectacle serves only to inflate national ego or corporate
profit, it constitutes a misallocation of resources that democratic publics have good reason to reject
[17].

4.2. Inequitable distribution

The benefits of space spectacles are concentrated in the hands of a privileged few, while the costs
are borne by society as a whole. As status goods, the value of space tourism, luxury flight
experiences, and high-end commercial development projects in orbit derives precisely from their
scarcity and exclusivity [18]. Technology is by no means a purely technical product. It is always
embedded within structures of inclusion and exclusion that determine who benefits and who bears
the consequences [9]. Space spectacles are designed from the outset to restrict benefits to a narrow
elite while relying on collective infrastructure subsidized by society as a whole—including launch
facilities, orbital slots, and regulatory frameworks. It is an act of transferring public resources to
private consumption, masked by ambitious rhetoric such as "the destiny of humanity" and
"pioneering spirit."

4.3. Environmental externalities

Space spectacle imposes environmental costs that are borne collectively and disproportionately by
future generations. Unrestrained launches, proliferating satellite deployments, and commercial
competition for orbital access have rendered near-Earth space increasingly congested and hazardous.
Each actor (nation-state or corporation) has an individual incentive to maximize its presence in orbit,
while the risks of collision and debris accumulation are shared by all users [19, 20]. Collisions
render certain orbital regions unusable for decades or even centuries. This represents not only a
technical risk but also an intergenerational injustice. Current actors reap short-term benefits from
visually driven expansion, yet pass on the long-term costs to those who will inherit a degraded
orbital environment [10]. If space exploration damages the very orbital infrastructure upon which
future exploration and utilization depend, it ceases to be a long-term investment and becomes,
instead, a short-sighted depletion of shared environmental capital.

4.4. The STS critique

Opportunity cost, distributive injustice, and environmental externality demand not merely that
individual projects be rejected but that governance frameworks be established to prevent the
systemic drift toward spectacle. The social consequences of a new technology are difficult to predict
when it is still novel and malleable, but by the time its harmful effects become apparent, the
technology has become so deeply embedded in social and economic structures that it is extremely
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difficult to control [21]. Space tourism, commercial space stations, and prestige-driven human
spaceflight programs are currently at a stage where their trajectories can still be shaped by deliberate
policy choices. Yet the political economy of space (private corporations and nation-states) makes
such governance exceedingly difficult to achieve [13]. The question of who has the authority to
determine which space activities are legitimate and which are indulgent is thus not merely an
academic one; it is a pressing matter of democratic governance.

5. Three tests of necessity

5.1. Public goods test

A space activity needs to show that it creates public goods. Specifically, it should offer benefits that
are non-excludable and non-rivalrous during consumption, or at least broadly benefit groups other
than those who fund and operate the mission directly. Space-utilisation activities meet the above
requirements. GPS signals, weather information and climate monitoring are all available to people
of different incomes around the world at a very low marginal cost. A deep-space science mission that
produces open-access knowledge on planetary geology or astrobiology creates a public good in the
form of extended human understanding, even if no immediate commercial applications follow [6,
15]. On the other hand, a suborbital tourism flight whose main product is a short-term experience for
a few rich people does not create any public goods in a substantial way. Therefore, the public good
test focuses on whether the activity benefits the general public; whether it expands the pool of
shared knowledge, protects the environment and develops culture; and whether it is only for the
profit of private enterprises or brings prestige to the nation.

5.2. The options value test

The second criterion is long-term options value, which primarily assesses whether an initiative can
maintain or enhance capabilities that may prove indispensable under uncertain future conditions.
Society cannot evaluate all investments solely based on short-term returns; the rationale for certain
expenditures lies in the options value they create. This test is passed when the technologies,
scientific data, and operational experience developed through space exploration enable humanity to
prepare for unforeseen contingencies that cannot yet be clearly defined. However, the option value
test requires a strict condition: the capabilities retained must be universal and open to society, rather
than serving only narrow national strategic or commercial interests.

5.3. Sustainability and equity test

Sustainability and equity refer to whether an activity takes place in an institutional system that
ensures environmental sustainability and the fair distribution of benefits and burdens; otherwise, the
externalities produced by the activity will be borne by those who are least advantaged in that
activity. An activity will only pass the sustainability and equity tests if it includes binding
mechanisms for debris mitigation, orbital slot allocation that respects the interests of all spacefaring
and non-spacefaring nations, and benefit-sharing arrangements to prevent the monopolisation of
space resources by wealthy actors. Therefore, the essential conditions of this test are that there are
effective safeguards against environmental damage; that the governance structure is inclusive,
transparent and accountable to the global community; whether it expands people's lives; and whether
the right to participate and the benefits of participation are concentrated among a few.
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6. Conclusion

This paper has argued that space exploration is closer to being a social need than a wish but only
under specific and stringent conditions. From a STS perspective, this study proposes a three-part
analytical framework to distinguish among current types of space activities, including space
utilization, space exploration, and space spectacles. This study finds that the legitimacy of any space
activity does not depend on its inherent grandeur or appeal, but rather on whether it meets three
cumulative normative criteria: producing tangible public goods, upholding long-term social choice
values, and sustainable and equitable governance framework.

Therefore, space exploration does not need to be about "humans entering space." It should meet
stricter conditions, such as extending the public's sense of capability, offering more choices for
future generations, and avoiding the transfer of risks to vulnerable groups and future societies. If
space exploration can create broad, long-lasting, and widely shared benefits for humanity, then it
will meet this requirement. If these conditions are not met, space exploration will no longer be
meaningful or possess real value.
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