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Introduction: Inspiring the next generation of
space explorers is a major objective for the scientists,
engineers, and educators of today. To improve Space-
STEM teaching and student comprehension, we have
created the Lunar Caves Analog Test Sites (LCATS)
program for science investigations, space exploration
mission operations, technology development, and hab-
itability system architectures. The LCATS program
environment incorporates a pipeline of motivated mid-
dle and high school students to assist professionals in
solving real-world challenges in space-exploration
technology. Critical thinking, problem solving skills,
teamwork, and mentoring enhance the student experi-
ence. Learning performance benefits from the use of
robotic technologies, terrestrial analogs for testing
technology projects and operational processes in a mis-
sion context. Local Texas caves in the area and region
are utilized as analog environments for fielding student
experiments and technology challenges through simu-
lated missions.

Figure 2. LCATS Student Field Trips to ocal Caves

Investigations of In Situ Resource Utilization
(ISRU) technologies, e.g., regolith simulant research
and 3D printed manufacturing for habitat design and
planetary construction are incorporated into project
curriculum.

Student teams (cohorts) from the San Antonio area
school districts are guided by subject matter experts in
their development of innovative hands-on applications
that provide practical solutions for lunar mission explo-
ration and architecture challenges. LCATS goals in-
clude preparing and encouraging underrepresented
minorities, female and economically disadvantaged
students to pursue higher education and careers in hu-
man space exploration.

Framework: LCATS works within the framework
of a larger lunar site development program known as
LEAP2 (Lunar Ecosystem and Architectural Proto-
type). LEAP2 is a commercial lunar site development
program being developed by an international consorti-
um of aerospace industry organi-
zations investigating technolo-
gies for lunar settlement. The
LEAP2 international consortium
is loosely organized for collabo-
ration with industry, academia,
and government organizations.
LEAP?2 addresses space architec-
ture research in lunar explora-
tion, economic development,
mining, and sustainability at a specific lunar site identi-
fied as the Marius Hills Skylight. The skylight is locat-
ed within an area of volcanic domes in the Marius Hills
region of Oceanus Procellarum at 14.2°N, 303.3°E [1].
It is a large pit subsurface feature believed to be the
opening to a lunar lava tube cave useful for eventual
human habitation.

The LEAP2 consortium uses the Marius Hills Pit as
a case study for determining required technology de-
velopment needed to access these type of geologic fea-
tures for exploration and eventual human settlement.
Projects within the LEAP2 program address various
technology solutions and missions for achieving multi-
generational program goals to develop the lunar site for
eventual human settlement.
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Figure 3. LEAP2 Lunar Infrastructure

Project-based Learning: LCATS is a NASA funded
program administered by the non-profit WEX Founda-
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tion [2]. LCATS provides real-world context for stu-
dents to assist aerospace professionals with solving
actual space exploration technology development chal-
lenges using project-based curricula. The benefit of
project-based educational programs is quite established
[3][4]. Project-based learning, a teaching methodology
that utilizes student-centered projects to facilitate stu-
dent learning, is touted as superior to traditional teach-
ing methods in improving problem solving and think-
ing skills, and engaging students in their learning

[5][6].
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Figure 4. Lunar Surface/Subsurface Robotics Testbed

Student projects and curricula of the LCATS program
are attached to actual technology, engineering and sci-
ence investigation challenges associated with the
growth phases of human settlement at the Marius Hills
Skylight. The LEAP2 commercial lunar site develop-
ment program provides a framework for LCATS pro-
ject-based curricula development to be aligned with the
goals of the commercial venture for actual develop-
ment of the lunar site [7].

Figure 5. Robotics Field Test in Cave Environment
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The differentiator with the LCATS/LEAP2 education
initiative is the specificity of its technology research
and development projects. For project-based learning,
all consortium sponsored curricula initiatives are fo-
cused on their application to advancing the body of
knowledge for site development of planetary pits and
lava tubes, in particular, development of the Marius
Hills Skylight as a commercial prototype for under-
standing how to use these planetary features to the ben-
efit of human settlement on distant planets.

Acknowledgments: LCATS material discussed in
this abstract is based upon work supported by NASA
under award Number NNX16AM33G. Opinions, find-
ings, and conclusions or recommendations expressed in
this material are those of the authors and do not neces-
sarily reflect the views of the National Aeronautics and
Space Administration.

References:

[1] Ashley, J. W. et al., “Lunar Caves in Mare De-
posits Imaged by the LROC Narrow Angle Cameras”,
1st International Planetary Cave Research Workshop,
Abstract #8008, 2011.

[2] WEX Foundation, (S. Ximenes, Principal Inves-
tigator), “Lunar Caves Analog Test Sites (LCATS) for
Space-STEM Learning Performance”, NASA Grant
Award #NNX16AM33G, STEM Education and Ac-
countability Projects (SEAP)/CP4ASMPVCH+,
08/01/2016.

[3] Scarbrough H , Bresnen, M., Edelman, L., Lau-
rent, S., Newell S. and Swan, J. A. The processes of
project-based learning: An exploratory study. Man-
agement Learning, 35 (2004). 491-506.

[4] Mergendoller, J. R., & Maxwell, N. L. (2006).
“The effectiveness of problem-based instruction: A
Comparative study of instructional methods and stu-
dent characteristics”. The Interdisciplinary Journal of
Problem-Based Learning, 1(2), 49-69.

[5] Berends, H., Boersma, K. and Weggeman, M.
(2003). “The structuration of organizational learn-
ing”, Human Relations, 56:9 1035-1056.

[6] Tsang, E. (2007). “Organizational learning and
the learning organization: A dichotomy between de-
scriptive and prescriptive research”’, Human Relations,
50, 73-89.

[7] Hooper, D.M., S.W. Ximenes, M. Necsoiu, and
E.L. Patrick, “Lunar Reconnaissance and Site Charac-
terization at the Marius Hills Skylight”, Workshop on
Golden Spike Human Lunar Expeditions: Opportuni-
ties for Intensive Lunar Scientific Exploration, Confer-
ence Proceedings, 3-4 October, 2013 in Houston, TX,
Abstract #6022, 2013.



