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Abstract

This paper describes the development of educational videos designed to supplement a kit-based
hands-on STEM program that uses lighter than air vehicles to introduce 9™-12t" grade aged learners
to biologically inspired maritime robotics. Under an ONR-supported effort described in!, the
research team utilized biological inspiration to develop an engaging robotics kit with three hull
shapes (a notional tuna, ray, and jellyfish) and two propulsion mechanisms (propellers and
flapping). A standards aligned curriculum was developed in parallel to teach learners about
structural mechanics, fluid dynamics, biologically-inspired propulsion, system design, and
swarming. To increase engagement with the text-based and hands-on content, a series of videos
were produced in partnership with Mason’s professional video studio, GMU-TV. This paper
describes the iterative scripting process involving researchers and video production professionals,
the recording sessions, postproduction work, and video launch.
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Overview

To support the developed curriculum, videos were professionally produced by GMU-TV. This
partnership leverages the engineering and scientific expertise of the research team, professional
production skills and equipment of GMU-TV, and on-air talent of student researchers to explain
the content in a manner that is compelling for high school aged learners.

The videos were intended to supplement written curricular content related to structural
engineering, aero/hydrodynamics, systems engineering, swarm dynamics, biologically inspired
propulsion, and to support construction of the actual BLIMPs. At the time of this writing, eight of
ten planned videos are completed, and are freely available via Vimeo, YouTube, and the program
website. The content, with links, are summarized in Table 1. Additionally, two more videos are
pending. One video demonstrating acrodynamic concepts using kites is completed though not yet
reviewed for public release, and the final video supports the biologically inspired propulsion
lessons, which is in the final stages of production. With the exception of the complete build video,
which necessitates longer-form content, videos were intentionally designed to deliver specific,
targeted information in a short format which can either stand-alone, or be woven into written
curricular content. Target video lengths are in line with studies by TechSmith? which finds an
optimal video length to be between 3-6 minutes, and Wistia®, which notes that “[a]fter 2 minutes,
every second counts.”
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Brief description Video links

Free  body | This video guides | https://vimeo.com/747705561/e749884920 3:48
diagrams learners through | https://youtube.com/watch?v=_2tHqOPI0zM
sketching a free body
diagram of the tuna

blimp.
Structures in | This video provides a | https://vimeo.com/749710039/2d626cdc71 2:07
nature narrated walk in a | https://youtube.com/watch?v=ftFc75xyB M

park highlighting
interesting man-made
and natural structures
we observe.

Centers This video provides | https://vimeo.com/747733423/ddbd1e8215 2:56
demonstrations of a | https://youtube.com/watch?v=DRcq27c7WJA
handful of center
finding activities.

Helium and | In this video, we | https://vimeo.com/747726743/79229dee48 2:08

buoyancy demonstrate how the | https://youtube.com/watch?v=hvimOh7gMAmc
quality of helium
influences the rate at
which a balloon rises.

Introduction | In this video, we | https://vimeo.com/749707680/4e5e66eb6c 3:19

to coding | demonstrate how to | https://youtube.com/watch?v=KjnN5-r NNA

with calculate hydrostatic

hydrostatic pressure using
pressure MATLAB.
System This video discusses | https://vimeo.com/749716012/b44641bbdf 2:44
design how to engineer a | https://youtube.com/watch?v=j_8Bd-Raxys

complex system.
Swarm This video illustrates | https://vimeo.com/747705678/d5b876016a 1:49
dynamics through https://youtube.com/watch?v=PJ3_Cv-F2IU

demonstration how
simple rules result in
swarm behaviors.
Build video | This video provides a | https://vimeo.com/753027996/0bdc404386 48:39
step-by-step guide to | https://youtube.com/watch?v=dbfYhp-0fX4
building a  tuna
BLIMP.
Table 1: Summary information on videos released to date (content focus areas shaded sequentially
and according to the following: structural engineering — green, aero/hydrodynamics — blue,
systems engineering — orange, swarm dynamics — yellow, and construction — grey)
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Scripting

While scripting is an obvious and essential step in any video production effort, in this project
significant time investment was spent iterating at the pre-production stage as GMU-TV and faculty
collaborated to identify how best to effectively communicate scientific principles in a visual
manner that is accessible to lay-audiences. First drafts of each script were prepared by faculty,
upon which GMU-TV provided advice and posed questions to clarify content for viewers with less
depth of technical expertise. From these drafts, shooting scripts were developed, describing in

more detail the audio and visual elements of each video. A portion of a sample script is provided
in Table 2.

The tuna isn’t flying away MS Vishva and blimp 5
because we have a string tied | Vishva showing blimp string

toit.

There is also a tension force | Adrian sketches and labels 10
acting downwards. tension force.

Great — this looks like a
pretty good free-body
diagram for my tuna BLIMP.

But what if Vishva releases WS 15
the string and turns on its Vishva flying tuna blimp.

motors — now it is moving

forward!

The tuna doesn’t have WS 15

tension anymore since Vishva | MS of Tuna

released the string, but there | GFX over Video:Thrust -
are a couple more forces |
should capture — thrust and Drag mm)
drag. Thrust from the
propellers is pushing it
forward, and drag is
opposing that forward
motion.

Table 2: Snippet of free body diagrams video script where the first column provides the audio
script, second column describes visual imagery, and third column indicates estimated duration of
segment in seconds.

Recording Sessions

To provide high school students with contemporary, accessible role models, undergraduate and
graduate student talent was utilized as the ‘faces’ of the video program. After discussions between
the science and engineering team and the videography professionals, filming locations were
selected based on their alignment with the lesson goals of each video and the visually dynamic and
engaging nature of the space. Additionally, consideration was given to the feasibility of filming
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at a location, including lighting, background noise, electrical needs, safety concerns, and the ability
to get the necessary permits in a timely manner. Sample spaces are shown in Figures 1-3. For
example, an electronics laboratory was used as the venue for the build video (Figure 1, left) and
the atrium of the engineering building (Figure 1, right) for demonstrating the impact of helium
purity on balloon acceleration. An area park (Figure 2) allowed us to reinforce the biologically
inspired theme by showing both natural and manmade structures. And athletic fields on campus
(Figure 3) enabled active demonstrations and unique videography via drone.

There was an emphasis on efficiently scheduling production days. Generally, multiple scripts were
shot each day. Scripts were often shot out of order, with the shooting schedule dictated by such
considerations as location and talent availability, time of day, and equipment requirements (both
filming equipment and equipment used in the video lesson). A typical day on-set included 1-2
hours of transportation and setup, 2-5 hours of filming, and 1-2 hours of teardown. Multiple takes
and incremental re-shoots were done for each video, with the GMU-TV team coaching the
performers on delivery techniques, and faculty/subject matter experts on hand to clarify any
content issues that arose.

Figure 1: Venue I — Engineering building electronics laboratory during build video with on-screen
graduate student talent and GMU-TV team (left); engineering building atrium during video
demonstrating impact of helium purity on forces on a balloon with undergraduate student talent
and GMU-TV team (ri

Structures in nature video with undergraduate student talent and GMU-TV team pictured.
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Figure 3: Venue 3 — Athletic fields on campus with ‘swarming’ students being filmed by GMU-TV
team via drone.

Post-production

The first step in the video post-production process was editing together the best of the multiple
takes of each shoot. Once the “string out” edit was completed, additional visual footage (b-roll)
was added. Some of this b-roll was filmed on location while other assets were licensed stock
footage. Graphics and animations were included to further illustrate more complex concepts and
to add visual interest. For example, various equations or scientific principles were explained with
graphic layovers. The graphics package was designed to match the look and feel of the online
lessons’ branding. Then, a video open was created for each lesson, along with the corresponding
“lower thirds” (graphic identifiers) for on camera talent as well as other on-screen graphic elements
like key terms. The next step was to take this “rough cut” and finalize it by “color grading” and
“audio sweetening” (adjusting the colors and brightness of each shot to achieve a desired look, and
adjusting audio levels and adding additional audio elements as needed, i.e. music, sound effects).
These efforts were dependent upon the professional skillset of GMU-TV. Post-production for any
given video in this series took approximately 50-80 hours for a 10-minute segment.

Launch

As stated previously, at the time of this writing, eight of ten videos are published via YouTube,
Vimeo, and the project website, with two more videos pending. The tri-launch approach of
YouTube, Vimeo, and website leverages the searchability of YouTube, professional delivery of
Vimeo, and allows interweaving videos with written lesson plans and build instructions in the web-
based delivery. Examples of how the videos are integrated into the web-based curriculum are
provided in Figure 4. A resources section of the project website* also provides Vimeo links to
project produced videos as well as a curated selection of additional videos and content by other
researchers, educators, and news sources. A sampling of those resources includes content on
biologically inspired robots>!? and biologically inspired design!!; for the most current list, the
interested reader is referred to the project website?.
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Collective Behaviors
(Computer Simulation)

Nature Walk

How does Mother Nature build

structures?
How would you simulate the behavior

of a flock of birds?

Learning Objectives Supplies
After completing this lesson, the student will have e Camera
B_L_I_M_R identified how structural members join in natural e Paper and pencil
systems e (Creativity
e Comfortable shoes
Standards

Swarm Dynamics

e NGSSHS-ETS1-2
e (CCSS.Math.Practice.MP1
e (CCSS.Math.Practice.MP4

4 L DICIE « Whid gmuty

leam every day.

Outdoor Exploration

Let's take a break and go for a walk (check with an adult to make sure it's ok before
leaving your house or school). Your tasking for this walk is to look for how nature

Learn ing Obj ectives Suppl ies creates junctions of structures. Look, for example, at how a bug's legs meet at its
abdomen, or how a flower’s stem supports its bloom. Take pictures if you can, and

After completing Collective Behaviors (BLIMPs), this e Computer with access when you get back, sketch some of what you saw.

lesson, and Agent-based Swarm Model, the student will to NetLogo

be able to diagram and model animal / robot swarms e Simulation file If you'd like to join us for our nature walk, check out this video
BLIMP_simulation.nlog

Standards °

o NGSSHS-ETS1-3 B'L'I'M'R

e (CCSS.Math.Practice. MP1

e (CCSS.Math.Practice.MP2 A N

« CCSS Math Practice MP4 Structural Engineering

How Doks NATURE

NetLogo for Swarm Simulation CREATE STRUCTURES?

In the previous part, we saw how an individual reacts to the positions and velocities of

L DNCE R - i

other individuals in the group. In a multi-agent system, the collection of these local

interactions results in a collective behavior of the group. We will use computer

Figure 4: Example integration of videos into curriculum on swarming (left) and structural
engineering (right).

We intend to track view and engagement rates as performance metrics for the videos. For the eight
videos posted to date, views are provided in Table 3. Notably, these videos have only been posted
for a short period, and have not yet been marketed widely. The videos embedded in the website
are the Vimeo links. Moving forward with this project we will continue to monitor view rates on
both YouTube and Vimeo platforms to help identify any trends which might indicate topics that
warrant additional video coverage. For example, we immediately note that the build video has the
highest rate of engagement, and as such, more content focused on construction may add further
value.
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Combined YouTube and Vimeo views

Free body diagrams 20
Structures in nature 16
Centers 5
Helium and buoyancy 18
Introduction to coding with hydrostatic pressure 8
System design 9
Swarm dynamics 13
Build video 38

Table 3: View metrics for released BLIMP videos as of 1/4/23
Conclusions

This paper provides an introduction to how professional video was used to supplement content for
a STEM robotics program. The mechanics of the effort are described, including scripting,
recording, post-production, and launch, with initial metrics provided. Going forward, it will be
worthwhile to track viewer engagement metrics across the different release platforms in order to
identify which video(s) are providing the most value to learners. The curricular components of
this project are designed for use in classroom or afterschool club-type environments!. Some videos
were scripted in direct response to focus group feedback. For example, one focus group participant
advocated for a coding tie-in with the curriculum, which resulted in the video that introduces
students to MATLAB as a tool to calculate and plot hydrostatic pressure. Multiple focus group
participants indicated struggling at some point in the build, which inspired development of a
complete build video to supplement written instructions. Further feedback from educators,
parents, and students on the video components of this project specifically would help identify how
best to develop future content to serve constituent needs and assess if the video content is serving
the aim of enhancing knowledge attainment.
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