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Abstract
This paper addresses general space education for interdisciplinary audiences. In particular,
this paper considers education in the field of Satellite Telecommunications (Sat-Comms).

The challenge in presenting the field of sat-comms for effective learning is two-fold. Firstly, this
field is interdisciplinary, the disciplines are coupled, and it is complex. Secondly, the typical
audiences for this subject often have diverse backgrounds. Hence, a suitable teaching strategy
is required, so that all students can learn from a training session.

Publicly available sat-comms training is largely engineering focused. This study could not find
suitable training for the purpose of interdisciplinary sat-comms education.

Hence, to address this absence in available training, the author has created a workshop, which
provides sat-comms education to interdisciplinary audiences. The workshop was empirically
developed from the author’s experience at Inmarsat and at the International Space University.
The workshop uses elements from Constructivist, Behaviourism, Cognitive, Connectivism, and
Experiential learning theories. Furthermore, it was designed to be taught in person and online.

The Sat-Comms Game was first trialled in an online format in 2021. The workshop worked well
in engaging the participants during the session. Additionally, feedback on the workshop was
positive. Hence, this trial indicated that the workshop could function logistically and engage
people pedagogically.

The author intends to conduct further trials and corresponding assessment methods to gauge
the pedagogic effectiveness.
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1. Introduction

The Satellite Telecommunications (sat-comms)
sector forms approximately one third of the
global space economy. According to Figure 1
the combined value of sat-comms in 2019,
including television, Fixed Satellite Services
(FSS), satellite radio, broadband, and mobile
services is US$120.7 billion. The significant
proportion of the global space economy, which
sat-comms hold, deserves attention, particularly
in how people learn about and, ultimately,
understand it.

Global Space
Economy

Figure 1. 2019 global space economy [1]

There are three typical audiences for sat-
comms education: 1) employees in a sat-
comms organisation, 2) adults in higher
education or further professional development,
and 3) outreach activities to school children.
This study focuses on the first two groups.

The challenge in presenting the field of sat-
comms for effective learning is two-fold. Firstly,
this field is interdisciplinary, the disciplines are
coupled, and it is complex. Secondly, the typical
audiences for this subject often have diverse
backgrounds. Hence, a suitable teaching
strategy is required, so that all students can
learn from a training session

This paper presents work on such a teaching
strategy, namely The Sat-Comms Game. This
approach is empirically based, is appropriate for
interdisciplinary audiences, and can be taught
both online and in person.

In section 2 some earlier approaches to sat-
comms training are introduced. The Sat-
Comms Game is described in detail in section
3.

2. Existing sat-comms training

Publicly available sat-comms training is largely
engineering focused. Excellent examples are
courses offered in the United Kingdom by the
Institute of Engineering and Technology [2],

Systems and Network Ltd. [3], and The
Knowledge Academy [4]. These are strong
models for technical training. However, this
study could not find suitable training for the
purpose of interdisciplinary  sat-comms
education.

Interdisciplinary education in sat-comms is
often provided in-house by sat-comms
organisations for its employees. In the author’s
experience as a past employee of a sat-comms
organisation, such training suffers from several
problems, most notably that too many details
are given in too short a time.

3. The Sat-Comms Game

In this section the structure of The Sat-Comms
Game is described, the background to the game
is given, the key challenges are listed, and
corresponding learning theories are mentioned.

3.1. How it works

The Sat-Comms Game is an introduction to the
sat-comms sector, which is given in the format
of a 2 hour workshop. The workshop lead gives
a short presentation about the sector and
thereby introduces the key topics: the market,
the method, the money, and the rules. This
presentation is intentionally brief. The role of the
workshop lead is as an architect of the
educative experience, not a conventional
teacher.

After the presentation the participants are
divided into small groups, preferably with less
than five people per group. Each group is then
tasked with creating a sat-comms organisation
over three rounds of guided play.

At the beginning of each round the workshop
facilitator  distributes instructions for the
corresponding round. In the first round the
participants must consider their organisation’s
concept, in the second the system, and in the
third the business. In each set of instructions,
there are questions, which prompt the
participants to think about the relevant topics.

Following each round the groups present their
ideas. The workshop lead provides commentary
on each idea and steers the group towards a
better solution, if required. Imperfect ideas are
welcomed and desired.

3.2. Empirical development

Inspiration for this workshop stems from the
author’s experience in tertiary and professional
level education. Unfortunately, this experience
has indicated that education at these levels
often neglects effective teaching and learning
methods. The reasons for this are varied, but
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include poorly structured learning content,
insufficient deconstruction of concepts, and lack
of engagement between the students and
teachers.

In an attempt to provide more effective
education in sat-comms, the author has
combined his academic, professional and
personal experiences. Inspiration was taken
from the author's work at Inmarsat to support
the workshop for new employees, to provide
outreach work to primary school children, and to
produce training material for the spacecraft
operations team.

Inspiration has also been taken from the
author’s experience in Ballroom Dancing and in
Athletic Conditioning programmes. Both of
these disciplines make effective use of
deconstructed information and experiential
learning.

Furthermore, the author refined the approach in
interdisciplinary lectures to MSc students at the
International Space University (ISU), from
training in facilitation skills by Integrated Works
(a leadership and development consultancy),
and from applying these facilitation skills at the
ISU’s Space Studies Programme (SSP) 2021.

3.3.  Key challenges

There are three challenges in the delivery of the
Sat-Comms Game: engagement, simplicity of
information, and learning through play.

Engagement

In the author's experience of tertiary and
professional education, engagement by the
students is often lacking. Students are
frequently subjected to excessively detailed and
lengthy presentations and are, therefore, mostly
passive during such sessions. This is not
conducive to engagement.

In the Sat-Comms Game a set of approaches
are taken to encourage and necessitate
engagement. Before the session starts four
images are presented together with a question.
The question asks the students to select an
image, which best reflects their state of being.
For example, during the SSP’21 event the
question was “Which image best represents
how you feel about SSP’21 so far?”. In this case
the images included a martial artist, Kung-Fu
Panda, a distressed looking infant, and an
excited Lego figure. The purpose of this
approach is to encourage communication
between the students and workshop lead and
thereby remove any psychological barriers to
communication.

Simplicity and deconstruction of

information

The sat-comms sector is complex. From the
perspective of a layman, this complexity can be
confusing and is not conducive to quick
understanding. The appropriate simplification
and deconstruction of information lend
themselves to more effective learning.

The deconstruction of information in learning is
exemplified by Josh Waitzkin in his book The Art
of Learning. Waitzkin describes how he studied
the endgame in chess. In such endgames, there
may be only three pieces on the board: both
kings and a pawn. The simplicity of this
configuration is conducive to the study of certain
chess principles, such as empty space and
zugzwang (4).

In a similar manner to the chess example
above, in the Sat-Comms Game a number of
simplifications are made. Only a few details are
given about ground and space-based hardware,
the physics of signal propagation, orbital
mechanics, spacecraft and launcher costs, and
the global sat-comms market.

Learning through play (a.k.a. accepting
wrong answers)

After years of social conditioning, adults are
often reluctant to play. Learning through play for
adults, therefore, can be challenging. To
overcome the resistance of adults to play, The
Sat-Comms Game is structured such that any
solution is considered. It is imperative for the
workshop lead to accept ideas, which would
probably not survive contact with reality, and to
subtly suggest amendments to the idea. The
workshop  participants must use their
imaginations and not be given solutions.

3.4. Application of learning theories

Although The Sat-Comms Game was
empirically developed, it has come to embody a
set of learning theories. These theories and
their application in the workshop are described
below.

e Constructivist

According to the Constructive learning theory,
people learn based on experience and learning
is a process of active engagement [5]. In The
Sat-Comms Game the participants are required
to create their own sat-comms organisation.
Participation is integral to the activity.

* Behaviourism

This theory states that positive and constructive
feedback is essential for effective learning. This
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feedback reinforces the efforts made by the
learner and, hence, encourages the
continuation of these efforts [6]. In The Sat-
Comms Game the workshop lead provides
positive feedback to the participants to reward
them for the thinking process, not so much for
the proposed ideas.

» Cognitive

According to Cognitive learning theory, the way
in which a person learns (the cognitive process)
is key. Humans construct bundles of knowledge
in the mind and learn through active discovery
[7]. In The Sat-Comms Game, the participants
are required to quasi-independently search for
solutions, to try and to fail, and, to think openly.
Their thought process is emphasised above the
results.

« Connectivism

According to the Connectivism learning theory,
people learn and grow, when they form
connections between different fields and ideas,
when there is diversity of opinion, and when
decisions must be made [8]. The basis of The
Sat-Comms Game is to guide the participants to
understand the connections between the
various elements of the sat-comms sector.
Participants must assess these connections,
make decisions, and present their ideas
amongst and array of others.

» Experiential

Like Constructivist learning theory, Experiential
learning theory also emphasises the importance
of learning by doing, that is learning through
experience. In this case, the learning process is
cyclical and passes through four phases:
concrete experience, reflective observation,
abstract  conceptualisation and active
experimentation [9]. The Sat-Comms Game
utilises a cyclic approach of similar structure.
Participants must learn the key concepts,
conceptualise sets of ideas, experiment by
combining the ideas, and reflect upon their
ideas following feedback.

3.5. Firsttrials

The Sat-Comms Game was first trialled at the
ISU’'s Space Studies Programme (SSP) July
2021. In this case, two workshops were run in
an online format, whereby participants joined
via Zoom. Both sessions were two hours in
duration. A Teaching Associate from ISU
supported the workshop by conducting the
Zoom administration and by distributing the files
with instructions. This support proved to be
essential.

Feedback from the participants was very
positive. In a post-workshop survey on a three
point scale (poor — good — excellent), 100% of
respondents from the first workshop and 88.9%
from the second workshop rated the sessions
as excellent. One respondent included the
following note:

“One of the best courses during SSP21. The
lecturer motivated us to use our critical
thinking through very useful activities.”

This trial indicated that the workshop could
function logistically and engage people
pedagogically.

3.6. Future objectives

The author intends to conduct further trials of
The Sat-Comms Game, in particular with
employees of a sat-comms organisation. To
assess the effectiveness of the workshop, it is
proposed that the participants complete pre-
and post-workshop questionnaires.
Furthermore, the effectiveness could be
assessed by also conducting questionnaires
with non-participants.

4, Conclusion

In summary, this paper presents The Sat-
Comms Game, which is a new approach to
teaching people about sat-comms. This
approach is empirically based, is appropriate for
interdisciplinary audiences, and can be taught
both online and in person. The first trial of the
workshop indicated that it is effective in
presenting the topic of sat-comms. The author
intends to conduct further trials and
corresponding assessment methods to gauge
the pedagogic effectiveness.

If you would like to run The Sat-Comms Game
at your organisation or to improve your
organisation’s training, please feel free to get in
touch with the author via the provided emalil
address.

Acknowledgements

The author would like to thank the following
people for their help, guidance and inspiration in
the formation of The Sat-Comms Game:

Inmarsat: Julie Hyam, Joanna Whatley,

Integrated Works: Jennifer Simpson, Emily
Braucher, Anna King, Anna Crittenden, Christy
Maurer

ISU: Nipuni Silva, Alex Ryan

Niall Dooley (EUMETSAT), Alessia Mauta
(RHEA), David Rodriguez (EPFL)

Page 4 of 5



4™ Symposium on Space Educational Activities
Barcelona, April 2022

References

[1] BryceTech, “The 2019 Global Space
Economy at a Glance,” October 5, 2020.

[2] The Institution of Engineering and
Technology, “Satellite Communications
Systems Course,” [Online]. Available:
https://satcoms.theiet.org/.

[3] Systems and Network Ltd., “Essential
Satellite = communications,”  [Online].
Available:
https://www.snt.co.uk/training_courses/N
etworking/Satellite_communications_cour
se.htm.

[4] The Knowledge Academy, “Satellite
Communication  Training,”  [Online].
Available:
https://www.theknowledgeacademy.com/
courses/advanced-technologies-
courses/satellite-communication-training/.

[5] D. M. Steiner, Learning, Constructivist
Theories of, vol. 276, 2014, pp. 319-320.

[6] D. C. Philips, Behaviorism and
Behaviorist Learning Theories. In: Seel
N.M. (eds) Encyclopedia of the Sciences
of Learning, Springer, Boston, MA, 2012.

[7]1 Y. Inoue, “Learning and Cognitive Theory
Applied to Education,” College of
Education, University of Guam, 2000.

[8] J. Utecht and D. Keller, “Becoming
Relevant Again: Applying Connectivism
Learning Theory to Today's Classrooms,”
Critical Questions in Education, vol. 10,
pp. 107-119, 2019.

[9] P. A. Almeida, “Kolb’s Experiential
Learning Theory Revisited,” Advances in
Psychology Research, vol. 102, pp. 63-
76, 2015.

Page 5 0of 5



