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Most solar system exploration achievements to date 

have involved a relatively small set of entities in estab-

lishing science goals and objectives; designing, devel-

oping, and operating investigations; and collecting and 

analyzing the resulting data.  Participants have typical-

ly included scientists, engineers, and program manag-

ers from NASA and other national space agencies, ac-

ademia, and private companies collaborating through 

mechanisms including contracts, cooperative agree-

ments, peer-reviewed grants, and memoranda of under-

standing.  It is through the joint efforts of these entities 

that humanity has witnessed spacecraft reaching all of 

the planets and regularly receives newfound knowledge 

about the solar system.  The continued leadership of 

these experts remains vital to addressing outstanding 

scientific questions and technological needs in plane-

tary exploration. 

At the same time, technoscientific organizations 

and experts across fields ranging from the health sci-

ences to zoology increasingly recognize that they can 

advance research and development by tapping creative 

ideas and contributions from a wider base of partici-

pants.  Technoscientific professionals are welcoming 

members of the public to aid in formulating scientific 

investigations, collecting and analyzing data, making 

discoveries, developing data applications and technol-

ogies, and solving complex problems.  Citizen science 

and crowdsourcing projects, prize competitions, data 

hackathons, and public deliberations are all becoming 

more broadly accepted modes of defining, accelerating, 

and maximizing research and development activities as 

professional researchers and engineers strive with lim-

ited resources to attain observations over geographical-

ly disperse regions, process enormous volumes of data, 

optimize technical solutions, or ensure their work is 

commensurate with societal needs and values.  Such 

projects are ever more feasible today due to the ability 

to interact with huge numbers of people worldwide 

through the ubiquity of the internet, social media, col-

laboration platforms, and smartphones.  In addition to 

their scientific and technical value, these projects can 

help educate and empower participating members of 

the public to engage with scientific issues and process-

es. 

There is a growing trend toward using these partic-

ipatory approaches in planetary science.  NASA’s 

space telescopes and planetary exploration spacecraft 

provide powerful capabilities for understanding the 

solar system through the enormous volumes of data 

they produce daily.  Crowdsourcing is enabling re-

searchers to accelerate significantly the time required 

to analyze images or data returned from missions when 

computer algorithms are not sufficient to detect pat-

terns of interest and human judgment is required. For 

example, the Stardust@home project welcomes partic-

ipants to search online microscope images for interstel-

lar dust particles trapped in the aerogel collectors of 

the Stardust spacecraft, which returned to Earth in 

2006.  Similarly, hundreds of thousands of people 

worldwide have taken part in searches of imagery taken 

by NASA’s spacecraft, such as through the project 

Planet Four, which invites participants to identify 

windswept terrains on Mars.   

Participatory activities are serving planetary sci-

ence in still other ways.  The JunoCam project has in-

vited amateur astronomers worldwide to participate in 

the Juno mission by uploading their images of Jupiter, 

discussing features of interest and helping with plan-

ning what images will be taken by the Juno spacecraft 

currently in orbit at Jupiter, and aiding in processing 

the images once acquired.  Working with outside part-

ners, NASA has run open hackathons to encourage the 

public to mine NASA data to create applications.  The 

agency’s prize competitions have yielded ideas for 
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scientific payloads to optimize the use of mass on 

Mars-bound spacecraft, software algorithms to improve 

the ability to detect hard-to-spot features in planetary 

imagery, and Mars maps designed to aid human ex-

plorers.  NASA has also funded the development of 

Cubesats and new tools to support public access to 

spacecraft imagery while also conducting forums to 

solicit public views concerning plans to detect and mit-

igate asteroid hazards.   

Collectively, these projects have extended the plan-

etary exploration community’s ability to gather, pro-

cess, and maximize the use of research data; to assem-

ble ideas and prototypes of technologies to support 

future exploration; and to gauge public reactions to 

potential program directions.  All the while they have 

exposed many thousands of people to planetary explo-

ration achievements as well as the risks and challenges 

of this endeavor.   

We suggest that broadening participation by using 

these and other methods will prove all the more valua-

ble and plausible for enhancing the science, technolo-

gy, and societal relevance of planetary exploration over 

the next few decades.  While it is difficult to predict 

how the economic, political, and technological land-

scape will evolve, the planetary science community 

will almost certainly continue to maintain greater ambi-

tions than are possible to fulfill given technical and 

financial constraints.  Concomitantly, a treasure trove 

of archival data will await innovative approaches to 

unlocking the mysteries contained within.  Planetary 

science will face new opportunities and challenges as 

more international organizations and commercial enti-

ties take up Mars, lunar, and other solar system explo-

ration efforts of their own; these developments could 

lead both to a surge of public interest in studying the 

planets as well as to questions about whether those 

traditionally involved can or should maintain claim to 

the vast amount of resources typically committed for 

these activities.  At the same time, an increasingly net-

worked world will expand the ability to engage mil-

lions more people in the complex work of planetary 

exploration.   

In sum, the combination of these “demand” and 

“supply” side factors argue strongly for articulating not 

only a scientific vision for planetary exploration 

through 2050 but also a vision of who could and should 

participate in the development and execution of that 

vision.  We will offer a set of ideas for how the plane-

tary science community can work together to expand 

the participant base of those substantively involved in 

this endeavor.  We draw here on the results of a work-

shop NASA conducted in September 2016 that brought 

together a subset of Mars community members, NASA 

program officials, and individuals with experience de-

veloping projects that engage the public in research 

and technology development to contemplate how 

NASA and the Mars community could leverage public 

ingenuity and interest to advance the science, technol-

ogy, and societal relevance of Mars exploration.  Many 

of the promising participatory visions, opportunities, 

and partnerships and potential steps toward realization 

that the workshop participants identified are broadly 

relevant and could be applied across planetary science. 
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