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Table 1 A comparison between NASA's traditional public-private partnership model and the new public-private partnership model
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Abstract: This study traces the evolutionary trajectory of NASA's project management innovations in commercial space
development, with particular focus on the landmark payment mechanism of its signature policy instrument—the Commercial
Orbital Transportation Services (COTS) program. It aims to elucidate how NASA's managerial innovations effectively catalyzed
the commercial space ecosystem and to distill actionable reform pathways for China's burgeoning commercial space sector.
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The analysis first delineates four pivotal phases in NASA's management paradigm evolution: the Apollo-era absolute control
period (1960s—1970s), the adjustment period under competitive pressure (1980s—1990s), the "Faster, Better, Cheaper" (FBC)
transformation period (1990s—2000s), and the COTS innovation period (2005—present). Second, using COTS as a central case
study, it deconstructs the design principles of its performance-based, fixed-price milestone mechanism, including the specific
protocols linking fund disbursement to milestone attainment. Third, it examines how SpaceX's risk-taking and innovative culture
was systemically shaped by NASA's institutional innovations, analyzing the underlying innovation logic.

Since 2005, the implementation and sustained operation of COTS have marked the maturation of NASA's policy framework
for commercial space development. This has profoundly stimulated industry prosperity and nurtured a cohort of emerging private
enterprises, while transforming NASA from an all-encompassing space implementer into a government research and management
agency focused on space science exploration that procures other capabilities from the market. The shift from traditional cost-plus
contracts to partnership-based arrangements granted contractors greater autonomy and commercial flexibility, enabling them to
commercialize products in broader markets while fulfilling NASA mission requirements, thereby effectively energizing
innovation. This evolution embodies a philosophical shift from "control" to "collaboration", aligning closely with innovation
systems theory that emphasizes systemic interactivity.

NASA's institutional innovation offers multifaceted insights for the development of China's commercial space ecosystem. First,
space asset attributes should be redefined by de-emphasizing the military positioning of launch vehicles and spacecraft, with
moderately relaxed regulation for purely civil space activities. Second, a comprehensive industrial support system should be
established, providing private space enterprises with critical technologies, core components, and product support to strengthen
supply chains. Third, cross-institutional collaborative innovation should be promoted, encouraging deep cooperation between
state-owned and private enterprises in developing core commercial space products. Finally, China's traditional aerospace giants
should undergo structural transformation—following NASA's evolution—to streamline non-core operations and transfer to the
market those businesses, projects, facilities, and personnel with relatively lower technical complexity, minimal confidentiality
requirements, but high commercial value, thereby infusing vitality into commercial space enterprises and forging a more dynamic
and competitive aerospace industry landscape.

Keywords: NASA; commercial space; COTS program; public-private cooperation; milestone-based payment; space institutional
innovation; space industrial policy
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