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Abstract
The United States’ (US) National Aeronautics and Space Administration (NASA) Office of Sci-ence, Technology, Engineering, and Mathematics Engagement (OSTEM) serves a mandate to el-evate US student and educator achievement in STEM disciplines applicable to Mission Director-ates of Aeronautics Research, Human Exploration and Operation, Science, and Space Techno-logy. As such, OSTEM complies with Space Policy Directive 1, authorizing NASA to develop and execute an innovative, sustainable exploration program in partnership with commercial and interna-tional entities that enables human expansion across the solar system and benefits Earth interests in acquiring new knowledge as well as science and entrepreneurial opportunities. This work began in 2017 with missions beyond low-Earth orbit, to be followed by the return of humans to the Moon for long-term exploration and utilization by 2024 under the Artemis Program. OSTEM supports the Art-emis Program through Student Challenges framed within the National Space Grant and Fellowship Project, which drives innovation by training a diverse, inclusive technological workforce. Howev-er, OSTEM has overlooked the need for Student Challenges involving technology-assisted space medicine. A (semi)autonomous theragnostic (i.e., therapy and diagnostics) medicine concept for such Student Challenges is discussed to advance the Artemis Program and to help land the next man and first woman on the Moon surface from a lunar orbit Gateway, achieve sustainable human presence on the Moon by 2028, and further prove technologies, capabilities, and business strategies for future successful space-flight-crewed missions to Mars and other destinations.
1. Introduction

The National Aeronautics and Space Administration (NASA) Office of Science, Technology, Engineering, and Mathematics Engagement (OSTEM) provides a roadmap for STEM engage-ment through an annual Strategic Implementation Plan and a streamlined portfolio of approach-es, objectives, and proceedings, including programs, projects, activities and products. The Plan is guided by core principles for design – (1) mission-driven authentic STEM experiences, (2) evi-dence-based practices, (3) diversity and inclusion , (4) scalability through partnerships and net-works, and for operation – (1) effective governance with clarity of roles, responsibilities, and accountability, (2) efficient and effective operations and program management practices, (3) in-tegrated approach to portfolio assessment and performance measurement, (4) engagement in and alignment with federal-wide strategic planning and initiatives dedicated to long- term plans and investments in STEM engagement and education. This prepared white paper draws upon defi-ciencies in OSTEM engagement plans to present concepts for new student and instructor engage-ment opportunities critical to the success of NASA’s agenda for manned spaceflights and gate-way and extraterrestrial habitation over the next decade. This document is based on previous No-tices of Intent (NOI) [1] submitted in response to NASA Request for Information (RFI) NNH19ZHA001L “NASA-Themed STEM Student Challenge Request for Information” and other solicitations, such as NASA RFIs on topics in human health countermeasures, human fact-ors, and behavioral performance [2-5], and is both supportive of the NASA Artemis Program goals and additional manned space missions and is consistent with the Human Research Performance Integrated Research Plan (HRP IRP) concentration on the use of space to under-stand fundamental biological processes and performance (research IN and OF space) and to de-velop and test new ways of protecting astronauts against the well-known and unknown threats of short-to-long-duration space and extraterrestrial exploration (research FOR space), particularly space biology and medicine as they relate to, for example, the HRP IRP, Life Beyond Low Earth Orbit (LBLEO) Report, NASA Technology Taxonomy and Human Research roadmaps, and NASA Space Biology Plan for Vertebrate Animal Biology and Developmental Biology. As such, this white paper outlines new useful high-quality cost-effective diversified STEM Student Chal-lenge concepts dedicated to college/university-level student training and educator professional development in the area of technology-assisted theragnostic space medicine, fulfilling NASA STEM engagement core principles for advancing STEM interests through ten NASA identified foci of Student Challenge development relevant to Earth-lunar transit, lunar gateway habitation, lunar surface habitation, and later NASA Moon-to-Mars ambitions. Such activities augment on-going educational programs supported by the NASA-SETI-Institute-partnered Frontier Develop-ment Lab in artificial intelligence/machine learning (AI/ML) applications for improved preflight, inflight, and postflight astronaut health and other college/university mechanisms that help train and sustain a duly skilled diverse and inclusive workforce, per NASA policies and practices on equity in accordance with United States Presidential Executive Order 13985 ‘‘Advancing Racial Equity and Support for Underserved Communities through the Federal Government’’ [6]. 
2. Relevance and Impact of Student Space Medicine Challenges

The above noted body of work should inform the National Academies of Sciences, Engineering, and Medicine Committee for the Decadal Survey on Biological and Physical Sciences Research in Space (NASEM BPS Decadal Survey), with assistance from NASA OSTEM, about how to evolve the student challenge portfolio in areas of space medicine, an under appreciated study ru-bric within OSTEM auspices, subsequent to the 2019-2020 academic year [1] and over the deca-dal period. Space medicine interests provide abundant sources for creating high-quality necess-ary and innovative challenges engaging college/university-level students across the nation in Lu-nar-focused themes that align with technology needs of the Artemis Mission and beyond and that will inspire, engage, educate, and employ the Artemis generation and later ones. Such chal-lenges, focusing on the vulnerability of human health, wellbeing, and performance in space and extraterrestrial environments, extend or diverge from the five currently established Student Chal-lenges located at Marshall Space Flight Center, Kennedy Space Center, or Johnson Space Center, including the Human Exploration Rover Challenge (HERC), Robotic Mining Competition (Lu-nabotics), Micro-G Neutral Buoyancy Experiment Design Team (NExT), Student Launch, and Spacesuit User Interface Technologies for Students (SUITS). They also give new opportunities to specifically address some general areas of interest already identified by NASA, including: (1) approaches for new or expanded collaborative partnerships between the Space Grant consortia and academia, industry, and/or the general public that lead to increased overall student parti-cipation through challenges, directly benefit NASA Human Exploration and Operations Mission Directorate’s (HEOMD) main interests, result in a meaningful sense of accomplishment for each participant, while leveraging core capabilities/goals of each partner, (2) strategies to expand part-icipant demographics in existing or proposed challenges to include larger percentages of histori-cally under-represented groups in the STEM workforce, (3) methodologies to maximize oppor-tunities for nationwide participation in student challenges, including immersive approaches for remote participation, particularly into rural and underserved communities, (4) plans for digital capabilities to reach larger numbers of observers, while strengthening their learning experiences, (5) sharing and developing student success stories related to specific NASA lunar challenge out-comes and/or broader outcomes inspired by their participation, (6) concepts for new national Stu-dent Challenges designed to create outcomes directly relevant to NASA’s Artemis Program and other manned-mission programs, (7) examples of generic infrastructure capabilities that increase-es efficacy, while lowering the overall planning and execution costs prior to each Student Chal-lenge event, (8) samples of additional resources/services that can be made available to Student Challenge organizers and stakeholders such as: general informational webinars and educator and trainer professional development, (9) approaches for recruitment to expand the Judge/Volun-teer/Subject Matter Expert support pool to best execute Student Challenges and related activities, (10) framework for professors/researchers/students/citizens to identify and/or execute NASA mission-related authentic student challenges on their own.

Thus, as outlined by NASA, students and higher education institutions will contribute to NASA's endeavors in exploration and discovery via: (1) internships, fellowships, and other experiences for students to conduct scientific and technical research, and perform design and development activities to fulfill NASA needs and priorities, (2) structured and widely-accessible experiential hands-on and electronic learning opportunities for students to engage with NASA’s experts and help solve problems that are critical to NASA’s mission, (3) mission-driven opportunities and collaborative initiatives that enable institutions to conduct innovative research, design and deve-lop technology to address discrete NASA needs, and (4) direct support to colleges and universi-ties to strengthen research and development capacity and capabilities that stimulate contributions critical to NASA missions. Such opportunities will build and sustain a diverse, inclusive work-force with suitably qualified technical and employability skills to meet projected labor and other business needs of hypercompetitive local to global technical (public and private) marketspaces.
3. Bases for Student Challenge Concepts involving Technology-Assisted Space Theragno-stic Medicine and Improved Human Health, Wellbeing, and Performance
Past, present, and future decadal surveys and other calls for stakeholder information, such as NASA RFIs, offer viable, but largely untested, mechanisms to source educational themes and to further expand and shape Student Challenges into topical matter relevant to astronaut health, wellbeing, and performance. For example, corresponding with Artemis Program expectations, re-cent NASA RFIs concerning human exploration and operation may be adapted into appropriate Student Challenges. Such RFIs include, but are not limited to: NASA Office of STEM Engage-ment solicitation NNH19ZHA001L, NASA Space Biology solicitation NNH18ZTT002L, NASA Space Science solicitation NNH18DA017L, NASA Human Research Project solicitation 80JSC019L0001, NASA Frontier Development Laboratory solicitation NNH20ZDA002L, NASA Human Research Project solicitation NNJ21ZSA006L, NASA Human Research Project solicitation NNH20ZDA002L, NASA Human Research Project solicitation 80JSC020L0004, NASA Human Research Project solicitation 80JSC020L0007, and NASA Human Research Pro-ject solicitation 80JSC021L0001. Topics of interest from each of these RFIs underscore the gen-eral need for better understanding of impacts of spaceflight and habitation on astronaut physical health, mental health, and behavior and fall within appropriate educational and scientific capabil-ities of Student Challenge applicants.

Challenges may be thus created that request students to characterize primary risks associated with, for example, cancer, bone disease, or flight-crew social interactions. A challenge adapted from NASA Human Research Project solicitation NNJ21ZSA006L may, for instance, require study of bone fractures caused by spaceflight-induced bone changes, such as modification of trabecular bone microarchitecture due to skeletal unloading in microgravity. The challenge may specify that students address relevant knowledge gaps involving incidence and prevalence of early onset osteoporosis or fragility fractures due to exposure to spaceflight conditions, vali-dation of clinical methods for assessing the effect of long-duration spaceflight on osteoporosis or fracture risk in astronauts, assessment of determined risk-factor contributions on bone loss and on recovery of bone strength and which factors best serve as targets for counter-measure application, and identifying options for mitigating early onset osteoporosis before, during, and after spaceflight. Alternately, NASA Human Research Project solicitation 80JSC020L0004 offers unexplored source material for Student Challenges focused on human factors and behavioral performance. Some related important subject matter that may form challenge content include human and mission risks resulting from performance errors due to training deficiencies, to cognitive or behavioral conditions and neuropsychiatric disorders, to behavioral health decre-ments associated with inadequate cooperation, coordination, communication, and psychosocial adaptation within flight teams, and to impaired control of spacecraft and coupled systems and decreased mobility associated with space-induced vestibular/sensorimotor alterations. Challenges may, for instance, require students to find solutions for knowledge gaps concerning identi-fication, quantification, and validation of effective methods and tools to train astronauts for optimal operations over protracted long-distance space missions, of countermeasures that favor individual behavioral health and performance during exploratory missions, of  key threats to and promoters of mission-linked behavioral health and performance during autonomous protracted long-distance exploration missions, of ground-based training methods that both prepare and sustain flight team function in autonomous protracted long-distance exploration missions, of countermeasures to support flight team function for all phases of autonomous protracted long-distance exploration missions, of methods to support and enable multiple distributed flight teams to manage shifting levels of autonomy during protracted long-distance exploratory missions, and of effects of protracted spaceflight on neural structural alterations and their potential impact on cognitive and functional performance.
Student Challenges that focus on the above noted and additional medical topics defined in RFIs and other sources will benefit the Artemis Program, and Earth-based theragnostic medical needs, by appraising and elaborating conditions for sound astronaut health, wellbeing and performance as well as development of training and technological systems and procedures that sustain sound astronaut status during Earth-lunar transit, lunar gateway habitation, lunar surface habitation, and later Moon-to-Mars ambitions. For technology-assisted theragnostic medicine, challenge devel-opers may identify potential appropriate technology themes from the NASA Technology Taxon-omy Roadmap, which highlights categories in robotic systems; human health, life support, and habitation systems; autonomous systems; software, modeling, simulation, and information pro-cessing; and materials, structures, mechanical systems, and manufacturing. For example, al-though HRP stresses an interest in “health imaging” (i.e., “MRI”) and problem solving assess-ments related to brain structure and function in several textual descriptions and the LBLEO Re-port alludes to application of “nanosensors” and “wearables” in several textual descriptions, the HRP IRP fails to provide clear identification of current, emerging, and future generation neuro-technologies for research IN, OF, and FOR space. Innovative integrated wearable neuro-technologies, telemedicine, and smart AI/ML platforms created for clinical and remote field/ flight Earth-based medicine may make real-time technology-assisted personalized space therag-nostic medicine and facilitated human performance cost-effective and space/extraterrestrial-envi-ronment ready [cf. 1-20]. NASA OSTEM and the Artemis Program may refine such space medi-cine understanding, applications, and workforce development through Student Challenges.
Among other possible Student Challenge focus areas in space medicine, study, application, and advancement of theragnostic neurotechnologies offer perhaps unique instructional and mission development value. Neurotechnologies, needing improved testing and development under space and extraterrestrial environment conditions, render promising fast, valid, precise, powerful, and personalized continuous (closed- or open-looped) prediction, diagnosis, monitoring and assess-ment, prophylaxis and treatment, and treatment adherence or compliance of neurocognitive/-psy-chiatric diseases and trauma, including prodormal and subclinical states which may occur during, be associated with, and/or caused by space and extraterrestrial travel and/or habitation (e.g., mo-tor dysfunction, dementias, mood and affect disorders, psychoses, traumatic brain injury, etc). Moreover, real-time AI/ML neurocognitive/emotional state and performance interactive assess-ment  tools and metrics will allow astronauts to modify their mental, social, and physical perfor-mances by identifying and shaping cognitive, nervous system, behavioral, speech/commun-ication, neuroimmunological, and other (digital) biomarkers associated with, but not limited to, knowledge retention and retrieval, pre-attention and attention, subject-matter comprehension, an-xiety, social engagement and attribution, perception, productive and creative thinking, decision making and problem solving, and additional measures of sustainable preflight, inflight, and post-flight human health, wellbeing, and performance. Performance modification may be studied, ef-fected, and maintained via minimally invasive neurotech-mediated smart targeted neuroplasticity training and other emerging methods implemented over lifespan and developmental periods of humans. Although currently studied, these sorts of interest areas continue to exhibit wide know-ledge gaps easily addressed with the parameters of Student Challenges [1-20].
4. Summary
Space medicine Student Challenges involving astronaut health, wellbeing, and performance may incorporate a large variety of rubrics as broadly defined by above descriptions of technology-ass-isted medical theragnostics and human performance enhancement. Challenges may encourage basic and practical clinical understanding of disease states and treatment which integrate development and application of real-time data-/compute-intensive high-performance advanced research computing as well as telemedicine and augmented reality cyberinfrastructure for therag-nostic space-medicine delivery.  Cyberinfrastructure educational resources and services develop-ed by students through Student Challenges may be also employed to simulate remote space and extraterrestrial environment conditions on human physiology and performance and the risks and difficulties encountered while identifying and administering appropriate prophylaxis, treatment, and/or training through (semi)autonomous medical systems. The nature of such cyber-based in-structional and learning methods will accelerate the capabilities and deployment-readiness of cost-effective, improved approaches for new or repurposed theragnostic space medicine in sup-port of successful Earth-lunar crewed transit, lunar gateway habitation, lunar surface habitation, and later manned NASA Moon-to-Mars ambitions. Design-centric technology innovation Stu-dent-Challenge emphases further contrast purely medical practice emphases, where students con-ceptualize and prototype new or altered existing/emerging medical technologies and associated methodologies to better address and adopt defined human-space medical and performance needs and wants, a process that promotes the Artemis Program in addition to future-generation techno-logy and methodological innovations and, with complementary entrepreneurial training, workforce development and technology transfer and commercialization of best practices that drive space science and technology public and private sector innovation and growth, satisfying the NASA OSTEM engagement core principles.
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