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This research is in line with the current international cooperation dialogue which also
plays a role in determining the future of space activities, including space guidelines and
regulations. Under the framework of the International Institute for Astronautical Sciences
(IIAS) non-profit arm, Project Polar Suborbital Science in the Upper Mesosphere (PoSSUM),
the Space For All Nations (SFAN) initiative takes into account that Portugal is an emerging
space nation, and recognizes the newly created Portuguese space agency, Portugal Space.
Partnerships encouraging and enabling coordination in space science, research, and education
activities are critical to engaging emerging space nation communities. Space for All Nations
provides opportunities for the emerging, marginalized, or underrepresented communities to
access legitimate research facilities that can help drive research and STEAM education
efforts. The intent of the initiative is to (1): show the progress of new nations formally entering
the space industry; and (2) facilitate collaborative efforts through credible IIAS/PoSSUM
human, academic, and scientific resources. The role of Portugal as an emerging space nation
is working with young science, technology, engineering, arts, and mathematics (STEAM)
students and professionals towards space industry recognition. The aim is to increase the
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access to space sector information, opportunities, and knowledge while inspiring the next
generation to pursue and contribute to science, technology, engineering, and mathematics
roles. The authors actively lead research efforts that focus on articulating critical geophysics,
planetary geology, geotechnics, geo-technologies, and robotics to this target audience. Geotechnologies and space-based related studies are the mottoes for the Portuguese GeoTechVision for outreach and STEAM education.

Nomenclature
AIR Centre
BIO
=
CRAS
=
EU
=
ESN
=
EU
=
EUSPA =
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EVA
=
IIAS
=
INESCTEC
IPO
=
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=
ISS
=
LiDAR
=
LSA
=
NASA
=
NIS
=
NRC
=
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PTSpace =
R&D
=
SDG
=
SFAN
=
SST
=
STEAM =
STEM
=
UN
=

T

= Atlantic International Research Centre
Bioastronautics
Centre for Robotics and Autonomous Systems
European Space Agency
Emerging Space Nations
European Union
European Union Agency for the Space Programme
European Space Surveillance and Tracking
Extra-Vehicular Activity
International Institute of Astronautical Sciences
= Institute for Systems and Computer Engineering, Technology and Science
Portuguese Oncology Institute of Porto (Instituto Português de Oncologia in Portuguese)
School of Engineering of Porto (Instituto Superior de Engenharia do Porto in Portuguese)
International Space Station
Light Detection And Ranging
Autonomous Systems Laboratory (Laboratório de Sistemas Autónomos in Portuguese)
National Aeronautics and Space Administration
Networked Intelligent Systems
National Research Council of Canada
Polar Suborbital Science in the Upper Mesosphere
Portugal Space (Portuguese Space Agency)
Research and Development
Sustainable Development Goal
Space for All Nations
Space Surveillance and Tracking
Science, Technology, Engineering, Arts, and Mathematics
Science, Technology, Engineering, and Mathematics
United Nations

I. Introduction & Background

HIS paper presents the work and efforts that have been made by the authors to bridge Science, Technology,
Engineering, Arts, and Mathematics (STEAM) Education with Space Exploration, towards the access of space
for a wider and complete spectrum of nations and communities. With the progress of the Commercial Space Industry,
there is a rapidly increasing interest in STEAM Education in the years to come. There is a demand from society at
large for innovative and practical methodologies, by which incorporating engineering concepts and good practices
into traditional education programs in science, mathematics, and technology is evolving1.
The NASA (National Aeronautics and Space Administration) STEM Engagement and Education Ambassador
Programs are excellent examples content-rich experience in space science, and STEAM. Likewise, the cooperation
between educators, scientists, engineers, technologists, public efforts, and well-structured education efforts addresses
the strategic goals of STEAM activities2. Credible programs linking science to real life, are important contributions to
students pursuing STEAM3,4,5,6.
The Outer Space Treaty states: “The exploration and use of outer space should be carried on for the benefit of all
peoples irrespective of the degree of their economic or scientific development…”. Therefore, the vision presented
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herein is based on “using Space for good”, conducting research, using outreach and education activities to identify
best practices in engaging young girls, women, and minorities in Space Science7,8,9. The work carried out under the
scope of Space For All Nations (SFAN) Program will show how Emerging Space Nations (ESN) have a lot to offer
including the establishment of human presence in space. The Portuguese vision is in line with the strategic framework
of SFAN: boosting collaborations and partnerships to strengthen the space ecosystem with more resources and
advancements.

II. Space For All Nations: An Outreach Initiative
The International Institute for Astronautical Sciences (IIAS†) is an immersive astronautics educational program. It
consists of six lines of training, namely: (i) Aeronomy; (ii) Space Suit Evaluation; (iii) Flight Test Engineering; (iv)
Geosciences; (v) Microgravity Research; and (vi) Operational Sciences (including Space Medicine). The Institute
comprises over 250 students, researchers, and scientists (including veteran astronauts, engineers, flight surgeons,
pilots, mid-career professionals, and senior executives) from over 46 countries and has successfully deployed
experiments to the International Space Station (ISS). IIAS has five facilities are accessible for scientific discovery and
11 active academic, private, and institutional partners. The IIAS has a non-profit arm called Project PoSSUM§, Polar
Suborbital Science in the Upper Mesosphere that manages the outreach initiative SFAN.
Space For All Nations (SFAN‡) is part of the IIAS and PoSSUM, and with the other two sister outreach initiatives
(PoSSUM13 and The Out Astronaut Project) is developing, fostering, and facilitating access to space science, research,
and opportunities that are open to everyone. PoSSUM13 is in fact, a good example of how successful this type of
initiative is, by engaging young children and young girls in science10. It also engages parents and children together in
science and provide resources for parents to encourage their child’s interest in science.
The SFAN joins partners with several stakeholders, universities, R&D, Industry, and space agencies in agreements
or memorandums to conduct science and research together. For example, INESCTEC, a Portuguese technical SFAN
partner, engages Portuguese participants and researchers in collaborative research with SFAN members, who are all
from the IIAS/PoSSUM institute and volunteer to participate in emerging space nation efforts.
Countries currently collaborating with the SFAN initiative include Portugal, Ireland, Bolivia, Canada, Guatemala,
and Mexico. Negotiations are underway to include countries such as Germany, Indonesia, Senegal, Ghana, South
Africa, and Egypt. Indigenous Community for USA and First Nations in Canada are also collaborations already in
progress. These initial relationships serve to evolve the SFAN strategic approach and lay the groundwork for future
inclusivity endeavors.
A. SFAN Strategic Plan Design and Based Research in Education
The current international cooperation plays a role in determining the future of space activities, including with
relation to space guidelines and regulations. Regarding certain initiatives, productive and exemplary cooperation has
been fostered. However, there remains room ahead for improved collaboration in the development of science, human
factors, and other standards applicable to exploration and space settlement. Despite the central role of the traditional
and new space powers in space research, engineering, regulations, standards, and policies governing space related
activities, emerging countries are increasingly aware of the role of space activities for their socio-economic
development and are progressively a part of international cooperation activities and initiatives in the space sector,
including when it comes to STEAM education, space-related science, and citizen science. In this scope, projects
encouraging coordination in space science, research, and education activities are thus also critical to engaging ESN
communities today.
The “high-level architecture” and conceptual model of the SFAN initiative is displayed in Figure 1. It currently
has five lines of research that complement each other: (i) Microgravity; (ii) Engineering; (iii) Space Medicine; (iv)
Geosciences; and (v) Technology and Robotics. The program pursues three strategic objectives (SO): (SO1)
Education; (SO2) Outreach; and (SO3) Science and Research. These SOs show that space-enabled activities
simultaneously contribute to sustainable development efforts. The report by the United Nations11 emphasizes the
importance of European Union space technologies in fulfilling Sustainable Development Goals (SDGs). In fact, the
†
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+ info: https://45c70282-8a47-4c20-a1d4-eb59140bb88e.godaddysites.com
§

3
International Conference on Environmental Systems

SFAN initiative aligns with several SDGs and the United Nations (UN) 2030 Agenda, as shown in Figure 1. The
SFAN mission highlights space as an international, collaborative arena that transcends national and cultural
differences, creating research, science, and education opportunities between different stakeholders. The two lines of
research underlined in Figure 1, Geosciences, Technology & Robotics, are the main areas of research for our work
with Portugal, and that focus has helped to establish the “Space Geo-Exploration Project: Development of GeoTechnologies”.

Figure 1. “High-Level Architecture” and conceptual model of the Space For All Nations|SFAN Program – a
proposal strategy for Emerging Space Nations.

III. The Portuguese GeoTech-Vision for STEAM Outreach and Education
This vision was inspired by the global SFAN model presented previously. From a success story, it is possible to
particularize and present the Portuguese case. The project inception and the efforts made by the authors, include
necessarily collaborations, not only with other partners, but also with the Portuguese Space Agency (Portugal Space,
PTSpace). This project also emphasizes the importance of multi-interdisciplinary research teams, as demonstrated by
the collaborations between authors. An organic connection that brings together different entities and people with
varying disciplines, countries, levels of space development, culture, and knowledge. The research team represents the
core and spirit of SFAN by “connecting dots”, establishing bridges, and boosting the space community in Portugal.
This approach supports gaining consensus and a critical mass to meet the requirements and the high-level standards
of space exploration and the evolving space industry. In the work of Mendonça et al.12,13, Cocco et al.14, Cocco and
Mendonça15, where the authors had the opportunity to advise the Portuguese Government in the drafting of the
Portuguese Space Act and in the setup of the space agency, as well as in the public tender for the Portuguese SST
(Space Surveillance and Tracking), contributing towards a new Era for Portugal in the sector. These efforts where the
basis to initiate future alliances.
A. Portuguese legal and institutional framework for space activities
The creation of a coherent legal framework for space activities in Portugal has also played an important role in the
development of the sector in recent years. Indeed, the political commitment to the sector is embodied in its Space
Strategy in 2018 (‘Portugal Space 2030’), which contains a set of strategic goals such as promoting economic growth
4
International Conference on Environmental Systems

and the creation of skilled employment in space-related markets, promoting the generation of satellite data through
new space technologies and infrastructures, and contributing to scientific international cooperation taking into
consideration the geostrategic positioning of Portugal14,15. In this respect, it is worth mentioning that one of the axes
of the Strategy is the development of national capability and skills in the space sector through scientific research,
innovation, education, and scientific culture. In this area, reference is made to increasing Portugal’s participation in
European Space Agency (ESA) and European Union (EU) programs, as well as reinforcing the cooperation of the
Portuguese scientific community with international partners and industry13. In addition to this, Portugal has taken
other relevant steps in the space arena: it became part of the European Space Surveillance and Tracking program (EUSST); launched the Atlantic International Research Centre (the AIR Centre); aims to implement a spaceport in the
Azores; and approved its own National Space Act and Regional Space Act. Portugal also appointed a national space
authority (the Space Authority) and set up a space agency (Portugal Space). Portugal Space, which was set up in 2019,
is responsible for executing the Portuguese Space Strategy, promoting the development of infrastructures, initiatives,
and national space programs, promoting investment and qualified job creation as well as the provision of scientific
and technological services, and encouraging the scientific and technological knowledge and the national space sector.
Portugal’s approach to space activities contains a series of innovative solutions aimed at encouraging private activity
and research in the country. This includes, for instance, the possibility to obtain a blanket license covering a set of
space operations which facilitates the launching of constellations of satellites. A pre-qualification regime helps to
expedite the licensing process, and a simplified licensing procedure can be adopted in certain situations, such as for
operations that are carried out exclusively for scientific, research and development (R&D), educational or training
purposes, or for low-risk operations. The AIR Centre is also playing a central role in advancing international
cooperation: indeed, it is an intergovernmental initiative comprising of several continents (European, African, and
American), as well as partners, affiliated institutions, and scientists, with nodes in countries such as Brazil, Angola,
Cabo Verde, Ghana, Namibia, Portugal, São Tome and Principe, South Africa, United States, and offices in countries
such as Nigeria, UK, USA, and Spain. The AIR Centre aims to explore the Atlantic region in a sustainable way through
an integrative approach to outer space, climate energy and ocean science, together with emerging methods of data
science management. The legal and institutional framework laid out by Portugal is thus also a crucial part of the efforts
being developed in promoting international cooperation, research, and education, and can be harnessed by all
stakeholders interested in advancing their projects and initiatives in these areas12,13.
B. Seeing the Whole Picture: from the Global Vision to the Portuguese “GeoTech-Model”
The success stories presented here, are based on both the SFAN vision and the lessons learned, experiences, and
contributions made by the Portuguese GeoTech Vision. Figure 2 displays a conceptual scheme on how the Space GeoExploration Project was planned to consider the core areas of interest (Underwater Technologies, Geo-Robotics,
Mapping and Geo-Visualization) which can support Space exploration, and space mining, and engineering in extreme
environments. The strategic planning model and framework for the development of geo-technologies, consider the
authors’ background and main fields of research, based in the concept of the 5Gs as the key driving forces:
Georesources; Geology; Geotechnics; Geomechanics; and Geotechnologies16.
In Portugal, SFAN concentrates support for outreach, education, and science. The efforts led by Moura et al.17,18
show the importance assessing the microgravity environment in regolith experiments. In terms of education, several
students are supervised in the field of Space Geo-Robotics.
In May of 2019, under the scope of an IIAS/PoSSUM Planetary Field Geology and Extra-Vehicular Activities
course, the combined research team conducted efforts together. Figure 2 displays on the left the geologicalgeotechnical findings from field testing at the San Francisco Volcanic Field in Flagstaff, Arizona (USA). Flagstaff is
currently a site used for NASA astronaut geology field training and used since the Apollo program. The team used
multiple methodologies, equipment, and techniques to determine a traverse planning. It was also possible to perform
seismic refraction testing in a similar manner to what was done on the Apollo 14 and 16 missions, as well as ground
penetrating radar techniques to acquire crucial geological data. Rocks we also collected for future tests (Figure 2, on
the right) and Figure 3 shows an image set with several aspects of field work during the EVA 103 Course carried out
under the scope of PoSSUM Project.
Sample regolith and rocks from the course site and results from an IIAS/PoSSUM microgravity flight campaign
in Canada led to further collaboration and data collection, further advancing results. The experiment consisted of
measuring the hardness of two rock samples with a specific equipment during five parabolas (two in lunar gravity and
three in microgravity), inside of a Falcon-20 reduced gravity research aircraft with the support of the National
Research Council of Canada (NRC) aircraft. The experiment is displayed in Figure 4, showing the Flight Team 3, the
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first all-women flight in PoSSUM. The experiment and all the procedures, training, and much more, were well featured
in TV news, in social media and disseminated in several conferences. The experiment work also led to a scientific
paper that was accepted19. On a previous microgravity flight campaign, JSC-1 lunar regolith was also flown in order
to assess the possibility of seismic velocity variations under microgravity17.

Figure 2. The strategic planning model and framework for the development of geo-technologies under the
scope of the Space Geo-Exploration Project.

Figure 3. Compilation of images showing field work and space training carried out in Flagstaff (Arizona, USA)
during the EVA 103 Course under the scope of PoSSUM (Images credits: Marc Bluhm Photography).
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Figure 4. Experimental set-up inside the National Research Council (Ottawa, Canada) Falcon-20 aircraft,
under the scope of PoSSUM’s microgravity flight campaign and BIO 103 Course (Microgravity Spacesuit
Evaluation): Proceq’s Equotip3 apparatus from the University of Santiago de Compostela, Spain; and rock
sample box developed by CRAS|LSA–INESC TEC| School of Engineering (ISEP), Polytechnic of Porto. In the
rock sample box is visible the dark-colored, fine-grained basalt and the gray limestone from Flagstaff area
(Arizona, USA).

This vision establishes collaborative research bridges between IIAS/PoSSUM participants, working together on
common ground. This is the case of Protean Industries and CRAS|INESCTEC (two of the many Stakeholders and
Institutions involved and establishing partnerships under the scope of SFAN), both featured in Figure 5.
Protean Industries§ contributes to space exploration through cave diving and geospatial robotics. This team
conducts underwater analog astronautic Light Detection And Ranging (LIDAR) and earth observation satellite cave
surveys. Much of Protean research aligns with the Centre for Robotics and Autonomous Systems† (CRAS) which is
part of the Networked Intelligent Systems (NIS) Cluster of the Institute for Systems and Computer Engineering,
Technology and Science (INESTEC). CRAS shows an excellent scientific track record and vast experience on
underwater technologies, geo-robotics for complex environments, research projects, advanced technology
development for the sea, its operation and technology transfer. The CRAS team focuses on: (i) autonomous navigation;
(ii) long-term deployments; (iii) sensing, mapping, and intervention; (iv) multiple platform operations; (v) space-earth
and space-water interaction and validation using innovative robotic technologies; and (vi) exploration of underwater
geological resources.

§
†

+ info: www.proteanindustries.com
+ info: www.strongmar.eu
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Figure 5. Remote sensing and underwater technologies – Laser scanning for Underwater Virtual Reality
Simulations for work on the International Space Station and Extravehicular Activities on the Moon. The
experiments inside the pool with underwater laser scan sensor were performed under the scope of ScientistAstronaut Program of PoSSUM in October 2018 (Stephen Daire, Protean Industries); and Underwater GeoRobotics and Sensing Technology (Centre for Robotics and Autonomous Systems, CRAS|INESCTEC).

The SFAN promotes similar opportunities between institutions. A relationship between a private Company and a
Research & Development Centre is completely possible and supported through SFAN partnerships, reinforcing that
different stakeholders can work together, envisioning Space Geo-Exploration Project as a starting line for future
cooperation. Through these forged relationships, STEAM activities will be more readily communicated, disseminated,
and integrated into education programs.
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The compilation of images in Figures 6 and 7 are not enough to show the culmination of all the outreach initiatives
resulting from research and training efforts made under the scope of the Space Geo-Exploration Project and SFAN.
As in space geosciences are developed in extreme field environments, where we apply science and technology to
gather useful data. The challenge is in communication and articulating the passion and heart of the Portuguese
GeoTech-Vision. The images below represent hundreds of STEAM activities and events already promoted and are
aimed at just providing a visual example of how the Portuguese Community is building their own Space story as an
emerging nation and starting to “breathe” STEAM.

Figure 6. Examples of STEAM activities by Ana Pires, since the kindergarten (3-5 years old), first graders (610 years old), secondary school (16-18 years old) that include remote sessions, classes, and interviews about the
gender equality: all the interventions are about “Challenging the Limits of Space and Technology”, the role of
Geo-Technologies in the Space Exploration and Space Trainings.
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Figure 7. Other examples of STEAM activities included Astronaut Nicole Stott's "Space for Art Foundation,
Exploration Spacesuit" initiative, that was taken by co-author, Rui Moura, to the pediatric’s cancer ward of
Portuguese Oncology Institute of Porto (IPO). The children contributed with their painted piece of “ILC
Dover” fabric for the spacesuit. Additionally, numerous live and remote presentation sessions have been taken
to secondary schools (12-18 years old) as well as cultural events for the public in general and universities. Most
of these initiatives have emphasized on the historical and practical importance of Human Space Exploration as
well as Space Technology in general.

IV. Final Considerations and Outlook
This research is the starting point to promote STEAM and space activities with SFAN. The main results and
outcomes include numerous keynote discussions, international meetings, international and online conferences,
publications, new partnerships, and access to STEAM activities to engage young students and professionals in
STEAM. These activities aim to inspire people to pursue STEAM when choosing a profession or life-long passion,
breaking down stigmas that so often deter students pursuing these fields.
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The national and international collaborations and partnerships between different stakeholders is of utmost
importance. A direct link between the National Space Agencies, the European Space Agency, the European Union
Agency for the Space Programme (EUSPA) and this type of programs will be an advantage to leverage the space
ecosystem and strengthen the consortium to work in future initiatives and projects. National or International funding
opportunities are also important, instigating multi-interdisciplinary teams to start developing space projects. This
paper draws the attention to the fact of how Science is intrinsically connected with education and outreach. Moreover,
it is important to communicate STEAM, by doing so, we will ensure a collaborative model embedded between the
scientific research or missions and the general public.
In its initial implementation, SFAN is already learning and sharing lessons on how to effectively communicate the
mission, gain a network of allies to amplify the initiative, establishing formal memorandums of understanding, and
overcoming logistics for conducting research. The COVID-19 context has taught our team the value of our existing
remote network, leveraging our existing infrastructure of virtual webinars, international communication, harmonizing
schedules across multiple time zones, sharing timely information and data, and establishing realistic timelines for
results. The SFAN team encourages participation from partners in remote locations or without regular access to
wireless fidelity with patience and a solution-seeking approach. The initiative is learning that it serves as a catalyst
as well, building in auxiliary members and resources to further serve partners and collaborators.
Strategic and priority SFAN goals include:
- expanding access to new communities;
- establishing new partnership agreements each year;
- creating a replicable model;
- articulating results and outcomes to inspire other ESNs to become involved.
Inclusion and equity in the space industry and STEAM as a field has a challenging and long-term path ahead, and
like the Universe, we believe there are no limits for this type of vision in Space Geo-Exploration!
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