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GUEST EDITORIAL

A

s an artist and researcher, I find artificial intelligence
(AI) deeply fascinating. After all, AI is all around us: in
search engines, social networks and even Netflix. There’s
a conception that technology, including AI, is neutral—but we’ve
learned that’s anything but true. Technology is more like a mirror
held up to society: along with our progress and successes, it reflects
our biases and systemic harms back to us. I believe it’s important
for students, especially those who are young, to understand what
AI is and how it can reinforce such biases, as well as how we can
use it for inspiration (and for art!). This belief drove my collaborator, Bojana Kostic, and I to create a website to help explain what
AI is, what we should know about it, what we should be wary of,
and how we can use it for creative pursuits. You can learn more at
ai-explanations.com. But here’s a brief primer:

that computer vision algorithms, used across major companies like
Google, IBM Watson and Amazon, had a difficult time recognizing
skin colours and genders. They found that the software was 99 per
cent correct when identifying white, masculine-presenting faces,
and only 35 per cent correct for darker-skinned, feminine-presenting faces. What’s important to realize is that Gebru and Buoalmwini were testing products that are already commercially released,
which raises questions about how AI is trained and evaluated to
recognize the diversity of people with a high degree of accuracy.

What is AI?
AI on its own really isn’t anything: just lines of code. When it comes
to how that code is used in society and how those uses impact
people, however—that’s when AI becomes more than just code. In
The People’s Guide to AI (written by the fantastic Mimi Ọnụọha and
Diana J. Nucera), AI is described as “like salt,” in that when it is
added to a product, that product is transformed.
AI can be employed to help software and other tech products
accomplish a wide variety of tasks, from sorting or locating information in a search engine to recommending music on Spotify.
Forms of AI exist in public spaces such as schools, hospitals and
workplaces, as well as in the privacy of our homes.
To function, AI needs data. Data allows AI systems to build
patterns, which they then use to generate predictions and simulations, or to infer information about the world. Often, this data
is gathered, extracted and mined as a focussed process to build
understanding of communities and of how we use technology.

How can AI inspire us?
Of course, not all uses of AI are problematic or harmful. For example, it is being used to create art in interesting ways. The writer and
artist K. Allado-McDowell co-wrote a beautiful book with GPT3, a
predictive text system created by Open AI, on the nature of human
existence. Artist Stephanie Dinkins has created a sculptural chatbot
recounting the history of her family and African Americans in the
United States. Anna Ridler, a UK-based artist, creates large-scale,
handmade datasets and generates AI videos from there. For example, she photographed more than 3,000 tulips and generated an AI
video of the tulips moving, rising and falling based on the price
of Bitcoin (a nod to the Tulip Crisis of the 1400s and the concept
of speculative worth). Just as the invention of the photographic
camera created the medium of photography, AI can help artists
create new ways of seeing. With any new innovation or technology,
it is important to be skeptical and view it with a critical eye—but
also to leave space to consider new possibilities. AI is no different—
it can amplify biases in harmful ways, but it can also create beauty.
It’s this duality that makes artificial intelligence so important and
so complex. As a practitioner, I want us to understand and centre
this duality—and to ask: What can we create with AI and how can
we also use it to reduce harm in our world?
In this issue of Root & STEM, you’ll find articles and resources
that explore these questions. Whether it’s how AI is used in industry, how it has changed learning and creativity
or how it is helping scientists understand
and catalogue whale calls, this issue asks
what kind of world AI is creating, and how
human life is changing as a result.

What are the risks of how we use AI?
Since it reflects the biases we build into our technology, AI often
makes mistakes and assumptions that are similar to those that
people make. For example, in 2013, Harvard University professor
Latanya Sweeney was Googling her own name and noticed that her
search results prompted ads that read “Latanya Sweeney, arrested?”
and “Latanya Sweeney, bail bonds?” Professor Sweeney tried other
names that are often associated with Black and African American
communities, and the same kind of prompts showed up. Professor
Sweeney has never been arrested. This AI prediction is an example of a poorly programmed code that reflects an all-too-common
societal bias that Black people are more likely to be incarcerated
or in trouble with the law than other communities.
Another example of AI bias was discovered in 2018 by researchers Joy Buolamwini and Dr. Timnit Gebru, in this case related to
computer vision and gender. Buolamwini and Gebru discovered

— CAROLINE SINDERS
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Metal and Minds
Ethics in AI
BY JEREMY GILMER

T

he ethics of artificial intelligence (AI) is
a subject that is in the news a lot right
now, and many articles, TV shows and
podcasts are talking about it. Ethics have become
one of the greatest challenges in the development
of AI, and this has led to some profound and
complicated questions when it comes to AI and
machine learning. There are many places in
which AI and ethics find themselves crossing
paths: facial recognition, banking algorithms,
weapons of war, even social media.

FALL 2021
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But one sector wherein the design and
ethics of AI can literally mean life or death
every day is mining—specifically, in the use
of large mining haul trucks. Many companies are developing technology to replace
human operators with autonomous vehicles,
and the stakes are as high as they can get.
A mining haul truck can weigh over 300
tons and stand more than four storeys tall.
Furthermore, they can travel at 60 kilometres
per hour, which is like a house coming at you
as fast as a city bus. It may seem crazy to put
a computer in charge of something so big,
but this is already happening in some places
in the world—and perhaps, instead of being
scary, it could actually be a very good thing.
One of the biggest questions is, what if
the truck makes mistakes? Won’t someone
get injured or even killed? The first answer
is that humans are not perfect, and, as it
stands, accidents already occur with human
operators. In 27 years on mining projects,
I myself have lost two friends to accidents
with large equipment. Once, in the Democratic Republic of the Congo, my little
pick-up truck was overtaken at high speed
by a fully loaded Cat 793 haul truck, which
went on to clip the side of another vehicle in
front of us and flip it over like a toy. Thankfully, no one was killed in this accident—but
it could have been a catastrophe.
The primary cause of this event was operator error. I have been part of teams investigating mining accidents on four continents,
and operator error is overwhelmingly the
cause of the majority of these incidents.

FALL 2021
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(The number one reason for operator error
in most of these accidents? A driver using a
cellphone. Of the last six accidents I helped
investigate in which operator error was the
cause, cellphones were in use in all of them.)
In Chile, South Africa and several other
places, autonomous haul trucks are being
tried out as a potential way to address safety
issues. Companies like Caterpillar, Komatsu
and others are developing technologies and
systems to incorporate self-driving vehicles
into active mining environments.
But the ethical decisions behind how these
systems are programmed remain complicated. A driver can make a split-second
decision to reduce harm in the event of, say,
brake failure. An AI system can only ever do
what it is programmed to do. Taking this into
account, if an autonomous truck finds itself
barrelling toward a bus full of people, should
the truck’s AI be programmed to turn into
the side of the hill, or to hit the oncoming
bus? Well, that’s easy. But what if the choice
is more complicated? What if it’s a choice
between a bus coming from one direction
and a fuel truck coming from another? What
is the best course of action?
This question—and others akin to it—has
been studied by philosophers for decades
and is generally referred to as “the trolley problem.” It is often framed as a series
of thought experiments, in which various imagined scenarios test the notion
of a general moral principle against the
details, viewpoints and other moral shadings of specific situations. The ethics of what
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constitutes the best course of action could
be different for two people, or two societies
or cultures. These are profound and complicated problems, and even philosophers who
spend lifetimes studying them don’t have
all the answers. But, in practical scenarios
wherein human-designed systems need to
make very quick automated decisions about
damage and potential loss of life, they are
increasingly unavoidable.
This, perhaps, is where young students
and scientists come into play. As society
continues to develop and rely on these
systems and machines, more people will
be needed who have a deep understanding of philosophy, thought, law, ethics and
computer science, as well as the ways and
languages through which these systems
intersect and become autonomous. Many
universities and colleges already offer
advanced study in the area of AI and ethics.
This work will only become more important over time. If the opportunities for AI
to help and even improve so many things
we do seem limitless, society will require
people who can think broadly and holistically, and who can create systems and ideas
that can best use and grow this technology
in humane, productive ways. H
COMPUTING AND NETWORKS
TECHNOLOGY AND SOCIET Y
DATA
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Amazon Future
Engineer Canada
Computer Science Training for Remote and Rural Educators
BY SHARON ASCHAIEK

W

ith their profusion of bright colours and
repeating shapes and patterns, the computercoded creations produced by Ron Cameron’s
Grade 4 and 5 students are groovy and mesmerizing.
But a closer look reveals that they’re more than
just digital artworks—rather, they are the students’
expressions of a newly learned geometry lesson about
creating regular, closed polygons.

FALL 2021

9

ROOT & STEM

STEAM AROUND US

AMAZON FUTURE ENGINEER CANADA

The tell in each is the turtle figure, which
the students have programmed to test the
“total turtle trip theorem,” which proposes
that a turtle that travels around any area
and ends where it started will have made a
total journey of 360 degrees. The students
used the programming language Lynx,
which involves using basic text commands
to write code. “I showed the students how
to create procedures in Lynx to teach the
turtle to move in different directions, and
how to figure out the angles of its trip,”
says Cameron, who teaches at Nestor Falls
School, a two-room K–8 school in Sioux
Narrows-Nestor Falls, Ontario. “The whole
class was very excited—they thought it
was a mindblower.”

Pharrell’s song “Entrepreneur” using the
EarSketch coding platform. The training
is being facilitated by charity partners in
Canada that include TakingITGlobal, Canada
Learning Code and Kids Code Jeunesse.
Some of this training serves Connected
North, a support network for educators
from 100 schools in Canada’s remote Indigenous communities. Charity TakingITGlobal
designs or helps deliver a range of educational programming to Connected North’s
2,000 educators. The organization recently
directed some of its Amazon funding to run
one-day workshops on computer science
principles and coding, which is where
Cameron was able to update his own Lynx
skills. Each participant also received $500
in equipment and resources
for their classrooms.
“It’s important to have everyone
“It’s about empowering
educators in these regions
on a level playing field because
to ensure students have
access to technology is a right.”
the digital skills to bring
their ideas to life, and to be
able to do so in their own
Cameron’s ability to teach his students communities, if that’s what they want,” says
Lynx and other coding programs is being Michael Furdyk, CEO of TakingITGlobal.
supported by Amazon Future Engineer “It’s important to have everyone on a level
Canada. Launched in January 2021, it
playing field because access to digital techinvolves Amazon investing $3 million over
nology is a right.”
three years to fund free, virtual computer
It’s a sentiment embraced by educator
science education for schools in Canada’s
Alysha Coates. A teacher for the last seven
remote and rural regions. Educators gain
years at several schools in northern Ontario
access to high-quality STEM instructional
and the Yukon, Coates has seen the impact
materials, skills workshops and online of the digital divide first-hand. Inadequate
resources. The overall goal is to help learnhigh-speed wireless internet connectivity is
ers prepare for the fast-growing digital econthe biggest obstacle, but others include insufomy. The initiative is part of the online retail
giant’s Amazon Future Engineer program,
Computer-coded creation produced
which already serves underserved and
by Ron Cameron’s Grade 4 and 5 class
underrepresented communities in the
United Kingdom and the United States.
At the elementary level, the educational experiences and materials focus on
basic coding, robotics and artificial intelligence (AI) skills. Other aspects include a
cyber-robotics challenge and an interactive,
dance-themed online coding tutorial. The
middle- and high-school topics are more
advanced coding, AI- and machine-learning
skills, and digital citizenship. There have also
been events such as the Your Voice Is Power
competition, which challenged students
to code a brief musical remix of musician
FALL 2021
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ficient training and IT support for teachers,
and limited computer hardware and software
at schools and in students’ homes.
Coates currently teaches Grades 5 and 6
at Elijah Smith Elementary School in Whitehorse, which is also part of the Connected
North network. Like Cameron, she participated in the recent computer science
workshops, and was particularly thrilled to
discover the Climate Action Kit, an experiential learning project that promotes
computational thinking. It involves students
using curriculum models based on the UN’s
Sustainable Development Goals to build a
micro:bit—a pocket-sized programmable
computer—that can help tackle climate
change. For example, a lesson on the
sustainability benefits of indoor farming
could involve coding a micro:bit to function as an automated plant-watering system.
Coates sees a way to use the kit in a social
studies unit that covers water-access issues
that affect Indigenous communities.
“With this kit, I can get my students to
consider and research the issue of inadequate clean drinking water on reserves,”
Coates says. “It’s a way for them to understand how they can use digital expertise to
potentially change the world.” H
CODING AND PROGRAMMING
COMPUTING AND NETWORKS
TECHNOLOGY AND SOCIET Y
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Artificial Intelligence
and Online Learning
BY SOPHIE PENNER

M

y name is Sophie Penner and
I am in Grade 12. I have been
homeschooled all my life; for
the last three years, I have attended an
online school and I consider myself fortunate to have had this experience. When the
pandemic hit in 2020, online learning and
artificial intelligence (AI) were not new to
me—in fact, I cannot imagine learning without AI. I have come to rely on it to prepare
for classes and build my confidence. AI is
built into many online learning programs to
provide teachers and students with unique
educational opportunities and experiences. It goes beyond the use of computers
and the internet: AI is responsive and has
helped me in the learning process. While
it is unable to replace the personal experience that learning with a teacher provides,
AI can enhance learning in physical or
virtual environments. This is the experience I would like to share here.
AI provides a wealth of information, so
it provides me with opportunities to teach
myself. When I am conducting research
projects, computer algorithms display
content relevant to the subject I am exploring. Google provides thousands of articles
related to my search terms, and YouTube
suggests videos with similar content to the
videos I am watching.
Fear of failure can paralyze students
and may keep them from doing well, but
practice quizzes with immediate, automatic feedback from AI encourages trial
and error without the risk of failure or criticism. I use many different programs to
test myself and improve my skills. When I
took the Pre-Employment course offered by
the Pinnguaq Association (pinnguaq.com/
learn), the built-in quizzes would explain
correct answers immediately after I submitted my responses to them and, if needed,
FALL 2021

allowed me to take the quiz again. Online
quizzes like Quizlet, Kahoot! and Quizizz
are easy to share, so classmates can benefit from learning resources created by individual students. “Practice makes perfect”
can truly be achieved with AI because it
enables students to practise on their own
and receive feedback on their progress.
By using AI to work on my homework
assignments, I am able to proceed with
confidence. Grammar checkers improve
my writing, while videos from YouTubers,
Khan Academy and other learning content
creators help me to understand content
better and communicate more clearly.
Have you noticed that Google suggests the
ends of your sentences before you have
even quite thought them out? That is AI at
work and it helps by offering options that
can be accepted or rejected. When all this
initial work has been done, I love to go
to my teacher with confidence to discuss
and gain insight from her corrections and
suggestions. Teachers cannot be replaced;
the key is to use AI to make time with
educators more valuable.
AI also can provide significant resources
for teachers. Teachers can save time by using
computer programs to calculate test grades
and check students’ work for plagiarism. As
the computer grades tests, it can collect data
about how long students spend on individual
questions and how many students answered
incorrectly. This allows teachers to focus on
explaining difficult concepts and also spend
time with individual students to work on the
specific areas where they are having problems. The personal relationship between
a teacher and students is encouraging and
holds students accountable. AI supports this
relationship. It helps teachers to focus on
helping their students with particular difficulties in what they are learning, as well as on
11

encouraging students to try again and keep
working on the obstacles they are facing. It
gives the teacher time to explain and help
overcome particular problems, while AI
supports general learning and understanding. Hands-on lessons for subjects like
woodworking, mechanics and gym can use
AI to prepare students for class. Theoretical
knowledge is useful when the goal is success
in practical execution; when students have
that knowledge in place, teachers are able to
focus on individual student’s work.
Many learning forums have comment
boxes beneath videos or discussion forums
that allow learners to communicate with
and help each other. This form of learning
allows people to connect around the world
and work together, all with the help of AI. I
have connected with hundreds of people I
have never met in person but, despite the
lack of in-person interaction, I have been
able to have fun learning with these other
online learners.
The wealth of information I can access
via the internet, alongside the feedback I
receive from computers for my work, has
helped to elevate my learning experience
online, and made it incredibly meaningful and valuable. Teachers will continue
to provide instruction and mentoring that
is personal and specific to my needs as a
learner; a teacher is someone to whom I am
accountable, and human interaction makes
learning fun and engaging. AI is a digital
tool—and, like any tool, how we choose to
understand and use it will determine the
opportunities it provides and the experiences we have with it. H
TECHNOLOGY AND SOCIET Y
DESIGN
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Make Stuff Move
Kawartha Lakes Startup Aims to Shake Up Maker Culture
BY PINNGUAQ STAFF

D

an Kitchen has always been a man on the
move. “I think back, and I can remember
making an automatic back scratcher or a
little thing that would launch beans,” says the resident
of Kawartha Lakes. “It was always about firing
something or moving something.”

FALL 2021
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That passion for motion is what powers
Kitchen’s latest venture. Make Stuff Move
offers tools and resources for educators
and makers looking to learn more about
how to tinker well. It’s driven by the idea
that using tools and everyday materials to
develop hands-on skills is an effective and
fun way for kids to learn about STEAM.
Unsurprisingly, the project originated
with a problem that needed solving. Early
on, Kitchen discovered that although he
liked making moving machines, there was
a pesky little problem in the middle of them:
the motor. Specifically, how to mount it.
“I was trying to build this robotic bucket
that drove around, and I was spending most
of my time trying to mount motors into this
project, making all kinds of weird brackets,” says Kitchen. He noted that this was
the same problem he’d had as a kid learning
to tinker. “I made a few sketches and had a
3D printer. So I started to play around a bit.”
What resulted is the Servo Sock, a casing
that snaps over top of a regular, replaceable
servo motor, adding a surface that can easily
be mounted, cut, shaped, screwed into or
otherwise altered to suit the builder’s needs.
When connected to a controlling device, such
as an Arduino or Raspberry Pi, the motor can
easily be used to create moving objects.
FALL 2021
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It took Kitchen and his business partner,
Jon Edwards, about three years to get a patent
for Servo Socks. At the beginning of 2020,
they were just starting to build relationships
with school boards and getting ready for
their first big trade show when the pandemic
forced school closures around the world.
“Last year was tricky,” Kitchen says. “But
the silver lining was developing a much
better kit.” Their kits now include a customized Arduino shield (a modular circuit board
that can be added to an existing Arduino to
add functionality) and are packaged up in
a toolbox with accompanying lesson plans
and links to online learning resources.
Restrictions that were put in place for
locations like schools and makerspaces
were particularly tough for Kitchen, whose
philosophy is rooted in the kind of exploratory, hands-on approach that workshops
both encourage and foster.
“I like to build stuff,” says Kitchen. “I’m a
firm believer in using common wood and
screws and glue—not kits. I like Lego, I like
Meccano. But with kids and learning, there’s
something about the confidence that can
be gained when you’re actually grabbing a
piece of wood and a box of screws from the
hardware store. Even if the result isn’t as
impressive, the experience is.
“Often with kids, that’s all it takes—one
time of seeing, ‘Yes, you can use the drill.
It’s not an overwhelming piece of equipment. This is the part that will go through
your finger; don’t put your finger in front
of that. The rest of it is safe.’”

FALL 2021

Servo Motors
A servo motor is a
self-contained electrical
device that can rotate parts
of a machine with a high degree of
efficiency and precision. They are
used in closed-loop systems, in which
sensors feed information from the
output signal back to the input in order
to control the speed or rotational
position of the motor’s shaft. Servo
motors have many applications, and
can be found in everything from
military vehicles to your camera’s
auto-focus mechanism.

Kitchen is a fan of the more tech-focused aspects of STEM, too. He spent years
working as an animator, and has plans to
develop an app that will draw on that experience and allow users to animate robotic
creations, using a custom Arduino shield
that can capture and record motion. In fact,
he credits Arduino with getting him back
into tinkering as an adult.
But his heart is in his toolbox. “It’s kind
of a bait-and-switch with our kits,” he says.
“Like, ‘Here, play with STEM and robotics
and coding—but oh! Here’s a screwdriver,
here’s a wrench. Here’s a piece of pine.’”
“For me, it’s all about understanding
logic and problem-solving. That applies to
both sides of the equation—whether you’re
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building something, or coding something.
It’s the same thought process, overall. I feel
like there’s a real bridge between the two.”
True to his ethos, Kitchen manufactures
most of the materials in the kit at his InventArt
studio in Kawartha Lakes, which keeps his
process relatively simple.
“If we need to scale, it’s kind of neat. I can
just get another CNC machine and plunk it
down beside the existing one, and I’ve just
doubled capacity.”
As things stand at present, those who
want to try a kit have to contact Kitchen
directly through his website. In the meantime, he’s building out his studio using shipFALL 2021
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ping containers, considering hiring staff
to keep up with demand and preparing to
launch an e-commerce option—and yes,
there will be a basic bucket-on-wheels kit
coming soon. H
CODING AND PROGRAMMING
DESIGN

For more information and ready-to-go
lesson plans, visit makestuffmove.com
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DECODE STEAM

Artificial intelligence (AI) refers to the use of machines that are programmed to
simulate human intelligence. AI is no longer relegated to the realm of futuristic
cartoons or sci-fi blockbusters; AI has quickly integrated into many aspects of our
communities and homes. In their day-to-day lives, humans encounter various forms of
AI all the time. The following are just a few examples of how AI is all around us.

NETFLIX, SPOTIFY
Netflix algorithms not only hand-pick
movies and shows for you, but also tailormake thumbnails that it predicts are most
likely to get your clicks.

SEARCH / RECOMMENDATION
ALGORITHMS
Google processes 3.5 billion searches a day
using deep learning.

PERSONAL ASSISTANTS
Personal assistants (PAs) such as Siri and Alexa collect data from
their every interaction. Most PAs are female because research
shows that most people prefer the sound of a female voice.

For our list of references, please visit pinnguaq.com/learn/ai-everyday-life
FALL 2021
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ART
Portrait of Edmond Belamy, created by the artist
collective Obvious, was the first piece of AI-generated
art to sell at auction. It was purchased for $432,500–
$422,500 over expectations.

PREDICTIVE TEXT
In 2020, The Guardian published its
first article completely written by a
predictive text AI, which suggests
words based on the context of other
words around it. Titled A robot wrote
this entire article. Are you scared yet,
human?, the piece aimed to convince
humans that robots come in peace.

SOCIAL MEDIA

CAN YOU FIND THESE
THINGS IN THE SCENE?

Facebook uses a deep learning (DL)
application called DeepFace to teach it to
recognize faces in photos.

SELF-DRIVING CARS
Self-driving cars use a form of AI called deep learning (DL), which
allows them to learn and predict possible driving scenarios so they can
navigate the roads safely. The Autonomoose, developed at the University
of Waterloo, was the first true autonomous vehicle (AV) to hit the roads
in Canada. Data collected has been distributed to several automotive
companies to advance their AV technology.

FALL 2021
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How AI Is Changing Cultural Jobs
BY JESSA GAMBLE AND BRIANA BROWNELL

T

here’s a lot of concern about how artificial intelligence (AI) and
automation could soon replace people in jobs like truck-driving
or proofreading. But in creative fields like art, music and dance,
pioneers are experimenting with AI as a tool to expand the limits of
creative possibility. Their work points to new ways to unite the arts,
challenge patriarchal systems, and form healthy relationships with our
new non-human collaborators.

FALL 2021
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PHOTOS COURTESY CELESTE L ANUZA AND XANDER STEENBRUGGE

Celeste Lanuza has long been combining
dance and social justice commentary, with
a special focus on addressing racial inequities. Though she has always felt the importance of personalizing her dance to express
her identity, culture and emotions, Lanuza
has never been a fan of the ever-present
mirror in the life of a dancer, whether it
lines the walls of a traditional dance studio
or reflects the dancer on a screen.
“We have the mirror in the dance studio
as a tool, which many times is a crutch,” she
says. “Students and professional dancers I
work with just stare at it, and it becomes a
source of judgemental comparison.”
“I love working without the mirror. And
especially during COVID, I’ve been exploring dancing outside in the natural air.”
Recently, Lanuza started exploring
motion-capture technology as a way to push
boundaries even further. Using cameras to
track dancer’s real-life motion, the technology transfers those movements onto a
digital avatar, thereby allowing the dancers she choreographs to move with entirely
different bodies. Through the use of AI,
dancers can even create partners who are
uniquely attuned to their movements, either
onscreen or in the form of a robot.
“It liberated the dancers into feeling that
freedom of expression, which is where
dance comes from. So that was really exciting,” says Lanuza.

The Future of Dance
Coming from a Latinx family, Lanuza
struggled in middle school with English as
a second language, but dance was a great
equalizer that allowed her to speak fluently.
Children don’t need any equipment, like
pianos or basketballs, to dance—they simply
use the body they already have. Lanuza feels
that if it is started very early on, dance can
teach essential skills related to children’s
connection with themselves, their relationships to each other, and their connection to
the histories in the places where they dance.
Younger children can start with structured improvisation, an alternative
approach to the strict conventions of ballet.
FALL 2021
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They can experiment with time, energy,
rhythm, melody, emotion and space—all
areas that are full of potential for productive play. Improvising stories and themes
unleashes the imagination of children
before they have started any critical evaluation of their own and each other’s dances.
Then they can move on to formations and
follow-the-leader exercises that allow them
to practise leadership.
If they decide to incorporate movement
into their creative lives later on, the technology will be there for them to bridge enormous gaps of space and time: they will be
able to dance in other bodies, perform a duet
with their great-granddaughter, or even—as
we will soon see—to create music as they
move. One way this can happen is through
AI-enabled “pose estimation,” which allows
a computer to perceive the position and
FALL 2021

movement of a body without the spatial
reference points required by previous
generations of motion capture technology.

Blending the Senses through AI Art
Xander Steenbrugge lives in Ghent,
Belgium, and works remotely for a US
company, applying machine learning to
problems in biology. He’s been watching the
development of technology for generative
adversarial networks, or GANs.
Invented by a Google team in 2014,
GANs are discriminative networks that will
be shown a collection of representative
images—for instance, the works of Dutch
masters such as Vermeer, Bruegel the Elder
and Rembrandt—in order to “train” it to be
able to look at a fresh image and determine
its authenticity. A complementary generative network creates images and tries to fool
20

the discriminating network into accepting
them as Dutch masterpieces. Essentially,
this looks like two duelling systems playing
a game of visual Balderdash.
About two years ago, they developed the
ability to create high-resolution images.
GANs have also been used to create realistic images for computer games and fake
videos (for example, recreating the late
actor Carrie Fisher to appear in the most
recent Star Wars film).
“That’s when I started paying attention
and started playing around with it,” says
Steenbrugge. “I’ve always been driven by
looking for new ways of finding beautiful
aesthetics using technology.”
Under the name Neural Synesthesia, Steenbrugge used the networks to create videos
that blend one image into another and allow
music to determine the flow of images.
ROOT & STEM

ARTIFICIAL CREATIVIT Y
Portraits of Celeste Lanuza (bottom left) and
Xander Steenbrugge (top right). WZRD samples
(middle and bottom right)

motifs that banter throughout, or build to a
climax. Theoretically, an AI that developed
those capabilities could tip the balance into
producing works that genuinely compete
with human-made songs for our affections.
Those works might not even have to be
original to have artistic value. A perfect
imitation of a master’s style could create art
that moves us just as much as the works in
that master’s œuvre.
Andy Warhol was one of the first to anticipate this development when he said, “I
think somebody should be able to do all my
paintings for me. I think it would be so great
if more people took up silk screens so that
no-one would know whether my picture was
mine or somebody else’s.”
Leading AI historian Pamela McCorduck
agrees: “Do we really have all the late Verdi
and Shakespeare that we want? Of course
not: We have only what accidents of history
permitted us to have,” she writes in her book
Aaron’s Code: Meta-Art, Artificial Intelligence
and the Work of Harold Cohen.

• • •

“This project is an attempt to explore new
approaches to audiovisual experience based
on artificial intelligence.” say Steenbrugge.
It became a new form of music visualization
that, in a way, collaborates with the brain,
which is so busy integrating information
from all five senses that it readily sees ways
they might correspond and blends them
into a kind of synesthesia.
As visually spectacular as these results
can be (as seen on Steenbrugge’s Vimeo
page, vimeo.com/neuralsynesthesia), one
thing that’s usually missing from AI-generated visuals, music and even stories, is
narrative structure. Networks are very
good at generating patterns—say, creating
a song with the general feel of a Joni Mitchell composition—but they often feel like
a recurring snapshot of a style; they don’t
begin with an introduction, include riffs and
FALL 2021

As far back as human memory stretches,
we have worked side by side with animals.
Whether it’s a shepherd whistling complex
directives to her sheepdog or a cowboy at
one with his horse, there’s a human competency that allows us to empathize with minds
and hearts vastly different from our own and
align ourselves toward a common goal.
In the future, creative professionals who
rely on AI to co-create their art might experience something similar. A lot of the human
contribution in AI art comes from the dataset
they choose to feed their AI collaborator. That
training set defines a large part of the output.
They can also set the initial parameters of
what they want to see and often have an intention or direction in mind and a rough idea of
what the computer might come back with.
But once the network starts churning out
options, the creative process becomes much
more of a dance, a kind of two-way banter
between human and machine. The human
21

tweaks the parameters to set a slightly new
direction, and the machine provides serendipity that sparks both delight and some
new ideas in the human mind.
“Very often I’ve been surprised by what it
generates,” says Steenbrugge. “The model
comes back with feedback that is somewhat
unpredicted, and then this cycle is really
interesting because it sometimes leads you
to places you would never have gotten on
your own. “It’s really a dialogue between
man and machine.”

The Future of Multimedia Art
When Steenbrugge realized that some
trained professional artists had no access to
the tools he was using, he decided to address
it by building a platform. At wzrd.ai, anyone
with some music, some images and an idea
can make their own trippy videoscape.
He explains the process on his website.
The process is complete in three steps.
“1. Audio analysis—The audio analysis pipeline can detect percussion and
harmonic elements, which are used to drive
different parts of the video.
“2. Visual engine—WZRD’s magic works
by using audio elements to drive a machine
learning technique called GAN. This results
in an entirely new kind of visual experience.
“3. Video render—Finally, a full video
render is performed and combined with
your audio.” (wzrd.ai)
Above all, Steenbrugge was curious to
see what other creative people without the
preconceptions of those in his own field
might do with these types of models. It’s
the way he expects things to be for the next
generation. His prediction is that within
the next five years, the tools he uses will be
available in a non-intimidating form, ideal
for the creative person interested in engaging in digital tech through a simple and
accessible tool.
“We’ve seen this happen in technology
a lot of times. When something is new, it’s
usually kind of techie and you have to be a
little bit nerdy and specifically trained to use
these things, but as time progresses, layers
ROOT & STEM
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and layers of abstraction are put on top of it
and then it becomes usable to a larger audience,” he says.
Steenbrugge has been exploring and
working with other forms of digital tech
tools such as virtual reality headsets to turn
his strange and compelling multimedia
pieces into immersive spaces.

When the Body Is a Keyboard
Celeste Lanuza’s work in the world of
dance and Xander Steenbrugge’s in visual
art and music might occupy separate silos
in arts and culture, but as far as computers are concerned, they speak translatable
languages. For that matter, anything that
changes over time can be an equivalent
source of information, as long as it’s measurable. Steenbrugge’s art can be informed
and shaped by the beat of an instrumental
percussion track, but could just as easily be
driven by the heartbeat of the listener.
What’s exciting for Lanuza is the fact
that her dancers could one day be influencing the music they dance to in real time,
composing sound with their movements—
and being moved, in turn, by that music.
“I even teach that way now—I find myself
using the same vocabulary, saying our body
is an orchestra. We need to think of the different parts of our body being different instruments, and thinking of ourselves as music
rather than a separate entity,” says Lanuza.
The possibilities straddle discipline
and form: a disabled musician who uses
a wheelchair might choreograph a virtual
dancer through the medium she knows
best, or two dancers’ pas de deux could
generate a written love story in a particular writer’s literary style.

Artificial Intelligence Itself Is a
Creative Artform
The idea of artificial intelligence does not
belong to computers and algorithms. Its
roots run much deeper, with the ancient
human wish to forge the gods. The arts
have expressed these ideas through myths
that go back millennia—and for just as long
there have been conflicting feelings on the
prospect of an independent intelligence
designed by human minds.
“This has been a human impulse for thousands of years, to create something outside
FALL 2021

the human cranium that has intelligence,”
says Pamela McCorduck on Lex Fridman’s
podcast (Fridman is an AI researcher working on autonomous vehicles, human-robot
interaction, and machine learning at MIT).
“Homer has robots in the Iliad, and the
Odyssey is full of robots. How do you think
Odysseus gets his ship from one place to
another?... So we’ve had this notion of AI
for a long time.”
The Ancient Greeks had a positive take
on it, largely celebrating the robots that
served as helpers in Hephaestus’s forge.
The Ancient Hebrews looked to the Second
Commandment, which forbids making
graven images, interpreted to include any
imitation of humans, including the non-visual. Much like other transgressive art
forms, AI faces accusations of blasphemy.
Stories of lifelike automatons in the Zhou
dynasty were also interpreted with negative
connotations, but instead of blasphemy they
highlighted trickery. A story in the Book of
Liezi tells of a lifelike automaton that, though
initially met with wonder by the court, drew
the wrath of King Mu when it flirted with his
royal concubines. Our literary conventions
bear this out in their habit of pitting human
heroes against villainous machines. Think
of that most famous of artificially intelligent
characters, Frankenstein’s monster.
Two key innovators, Alan Newell and
Herbert Simon, broadly accepted as the
“godfathers” of the artificial intelligence
field, were not exclusively—nor even primarily—focused on its technological aspects.
They were cognitive psychologists and Simon
was a serious painter who felt forced to give
up his art because it was taking too much
time away from his AI research.
For McCorduck, best known for her seminal 1979 text on AI, Machines Who Think, the
process of creating human art is a lot like
22

what a generative system does. Art begins
with the impulse to make something special,
taking something that could be minimal and
functional, but creating something that
transcends that purpose. It’s an urge she
feels is as essential to life as protein.
“Art-making behaviour is universal
among humans. It amazes me to consider
that there is no such thing as a no-frills
human culture, with clothing only to cover,
and food only to eat and housing only to
shelter. We decorate and design and present
artifacts to one another constantly, every
last one of us,” she writes.
Most of that expression doesn’t take the
form of the elitist European realm of High
Art, but rather as a daily practice by non-specialists, of storytelling and music-making
and adorning oneself.
To Lanuza, that daily artistic practice is a
lesson in equity, which is at the heart of the
question of technology in the arts. When
AI can let people transcend their language
differences and even translate the vocabulary of one art form to another, something
special happens. Even the idea of “good”
dancing and “bad” dancing comes into question as computer algorithms make up their
own, strange, version of dance.
Maybe that’s why most of the commercial
robots released today that are designed to
interact with humans come with a dance
mode. Whether these robots dance for you
or with you, they touch a place in your heart
reserved for those who allow themselves to
be vulnerable by making and sharing art.
The robot knows that if you and she are to
live together, that’s how you first connect. H
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nybody who’s lived in a small number. It’s more likely to return a Baskin
2. Identify those characters using machine
town is probably used to receiv- Robbins touting its variety of flavours than
learning and extract the building
CITY OF IQALUIT
ᓄᓇᓕᐸᐅᔭᐃᑦ ᐃᖃᓗᐃᑦ
ing directions like, “Oh, I live in the “building 31” you’re searching for.BUILDING numbers (this will be the main focus of
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the house with the blue roof behind the
Fortunately, being spotted wandering
NUMBERS this article)
Coop,” or “The Country Food store is just around aimlessly in the freezing
cold,
a 3. Figure out the geographical coordinates
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past the Arctic Survival Store.”
community member let me know that
of the building numbers
When I moved to Iqaluit from Toronto there’s a better way. The City of Iqaluit 4. Integrate the number and coordinate
in October of 2019, not only was it my first published a PDF in 2018 with every builddata with a mapping service
time living in a city not built on a grid, but ing number on it. Above is a detail of the
my first time having to navigate without downtown area. Can you find the Pinnguaq Visit pinnguaq.com/learn/creating-anknowing the landmarks or having Google Makerspace, building 1412?
address-tool-using-ai for a step-by-step
Maps to guide my every turn.
Even with the help of this image, I started tutorial on how I did this. With mapping
Unlike most places where addresses are thinking, “wouldn’t it be nice if there was an service provided by OpenStreetMaps and
based on streets with ascending numbers, online lookup service that would allow you
Mapbox, finding the Makerspace is now just
in Iqaluit every building is given a unique to input a building number and see its locaa little bit easier. H
number. This means an address can be
tion on a map?”
specified with only a number—a convenient
So I created one.
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shortcut for Iqalummiut, but tricky if you
just moved to town and are trying to drop
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DATA
doesn’t respond well to a search for just a
on the map
50

267

2655
2657

2485
2483
2481

2444

0

2
2678

2653

2431

2432

2681

2634
2647
2649

2427
2429

2428

26

2683

2680

2651

2422
2424

2685

2682

2632

2425

2423

ᐃᓗᕕᖃᕐᕕᒃ

2

T

2684

2421

2418
Cemetery

2686

2645
2419

2416

2701

2716
2687 2696

2630

2641
2643

2410

2708
a to d

2712
2714

2628

2639

2414
281

2718
2626

2633

2406

2720

2624

2430

100s to 300s

A

2620

ga
urn
Pa

e

277

ᐊᑦ ᑎᓂᖅ ᓴ ᖓᐃᖃᓗᐃᑦ

Koojesse
Inlet

ᑰᔭᓯ ᖃᖏᖅᑐᖅ
Driv

t

279

2402

2722

2616
2618

2412

121

120

2625
2627

2
a

Street

2710

2724

u
Tukt

2629

2705
a to e

2707
a to f

2709
a to f
2604
a to e

2625-A

q
ali
Uk

122

285

123

1692
482
a&b

484
a&b

2623

2400

1688

1690

2621

t

125

124

481
a to b

486
a&b

287

273
275
276

BY ALEX SMITHERS

289

456

t

en

269

458
a to b

492

488
a&b

127

126

ai
Nirn

490

291

t

isa
Nip

267

102

298
a-e

293

493
a to c

494

299
a-d

ee
Str

261
263
103

129

1680
1682
455
457
a to b
1684
a to b
459
1686
491
bne
a to d a ttoLa

1673

496

295
131
128

265

104

297
a-d

300

259
130

105

t
ee
Str

106

301

107

108

Sik
u

136
135 304 302

453

en
sc

c
es
Cr

aa
Sin

109

134

119

306

137

138

117

454

a to b

Amaruq Ct.

115

113
a&b

1671

Cre

452

451

2
a

2233

a to d 2231
gusiariaq

2602
a to f

Nanuq

L

q

113
c&d

nt
sce
Cre

aja
Q

498
a to f

2600
a to g

450

449

1659
1665
1661
1663

Niaqun

448

447

1655
1657

2232
a to b
2230

2227

446

Drive

154

112

303

1669 1667

4149

2236 4153
a to d

2225

2234

445

1639
1653

1647 1649 1651

Qimminguat
500

305

307
a to f

144 141
142
139

e
an

1645

1660
a to d

309
a to f

Court

116

315

143

ᔫᒥ ᐃᓕᓐᓂᐊᕐᕕᒃ

443

1643 1641

Driv e

202

146

isa

149
147
329 152
150
148
145

118
114

2237
a to f

2226

Qiyutt1637

1650
a to d

Nip

204

158
200

ᐃᒻᒪᔅᓴᐃᕕᒃ ᓇᒻᒪ 2

201

1640

2223

Joamie School

440
442

ne
La

230

Pump 156
Station #2

206

1630

2245

438

439

1625
441
1629
1633
1635
1631
aa t

2238
a to c

2221

urt

2450
2452

La
n

en
sc

203

208

1621

ait
Air Ct. 1623

1627

Co

4141
4145

2240

2457

2455
2451
2453

it

Str
e et

Cre

ᑕᑯᔭᒐᖃᕐᕕᒃ

Hunters & Trappers

ᐆᒪᔪᕐᓂᐊᑎᒃᑯᑦᐆᒪᔪᕐᓂᐊᑎᒃᑯᑦ

316

1617
1615

1610
1620

317
a to e

318

151

437

mie

41
2242

2249
a to d

2219
a to d

ga

333
331

153

1600

Joa

436

4

2251
a to d

2217
a to e

2216
a to d
2218
a to d
2200
a to e

432
434

433
435

1619

4129
a&b

2215
a to c

2214

430
431

1609

4
2213
a to d

256

Ivit
su

199

155

425

1611

2211
a to b

2206
a to d 2208
a to b
2212
a to g

428

1607

ut
an t.
uts C
Ig iqit
N

2209
2204

426

1601 1605

321

2200
2202

464

1603

ᑯᕆᔅᑎᐊᓐ ᕕᓗᓯᑉ

474
472
470

468

462
424

1613

323

466

422

414

339

320

467

La
ne

337
335

Christian
Fellowship
Church

Masjid
Mosque

q

Ak
illiq

Roa
d

341

Creating an Address
Tool Using AI
Museum

409 411

471

469

420

473

it
auya

157

162

207

195
a&b

Lane

238
234

212

t
ee
Str

211

Library

2020

407

477

475

d
Roa 415

413
a-d

i
Ataan

198
198
a&b
197
159

405

343

196

161

166

ᐅᖃᓕᒫᒐᖃᕐᕕᒃ

351

Way

194

ᐋᑎᒃ ᕙᓐᓱᕐᔅ

168

t
ee

220

163

170

iaq

Str

215

192

Arctic
Ventures

4123

4121

588

586

ng
Atu

240
222

403

350

ᓰᕖᓰᒃᑯᑦ

165

412

404

Paun 406 408 410
na

4104

Nowher
e

To

582
568

570

572

4065

4110

lik
Tasi

243

Um

224
2018

190

245

219

CBC

Eliz191a-f
abeth

188

4118

4000

m
in
na

186

247

4102

4063
4096a

4096b

584

ait

221

402

4098

ᒫᔅᔨᑦ ᑐᑦᓯᐊᕐᕕᒃ

416

400

355
353

Ku
uga
laaq

ᐃᓐᓇᑐᖃᐃᑦ ᖃᒻᒪᖅ

187a-f

182 184

223

aa
Sin

Elders Qammaq

Queen

180

226

Nipisa

ᐃᓐᓇᑐᖃᒃᑯᕕᒃ

354

352

564

gauy

227 a-l

Elders Residence

173 171

174 172

189a-f

4002

urt

547

569

Atun

Pump Station #1

1001 ᐃᒻᒪᔅᓴᐃᕕᒃ ᓇᒻᒪ 1

2014

Lane

176

185a-f

545

Str562
eet

e et
Str

580 578 576 574

357

4088/4090

Co
Aput

ᐃᒪᓕᕆᕝᕕᒃ 1

542

543

573 571
577 575

Amaaq

356

4004

et

181
183

Iqaluit Square

560

540
541

567
579

Stre

North Mart

ᓄᐊᕐ ᒫᑦ ᓂᐅᕕᕐᕕᒃ

175

539

563 565

583

359

670

177

179

ᐃᖃᓗᓐᓂ ᐊᓃᖃᓯᔮᕐᕕᒃ

511

358

228

561

ᓄᐊᑐᕈᓐ ᓚᐃᑦᕼᐊᐅᔅ
ᑐᑦᓯᐊᕐᕕᒃ 581

ri
Anu

740

724

559

4084

4092

Water
Booster
Station #1

538
537

Drive

728 726

672

ᓇᑲᓱᒃ ᐃᓕᓐᓂᐊᕐᕕᒃ

535

533

Sup554 556
uti
558

Northern
Lighthouse
Church

509

671

536

552

507

505D

673

601

Nakasuk School

4086

4100

ait

729

730

531

4006

4059

4082

4094

Atu
nga
uy

731

734

527

4057

4080

534

y
Wa

733

736

ce

532

gu
sia
ria
q

555/
557

th
be

735

Iglulik

738

za
Eli

737

n
ee
Qu

1002
1000

723

Te
rra

675
650

721

525

585

505C

ᐃᓪᓗᐊᓗᒃ

657

607

744 742

727 725

ᓴᐃᓐ ᔫᑦᔅ ᑐᑦᓯᐊᕐᕕᒃ

656

Astro Hill
Complex

505B

677

e

1004

748 746

St. Judes Church

Nia
qu
n

550
679

674

530

523

676

riv
D

1008
1006

754 752

750

681

528

ROAD

4008

4001

4055

4078

400s, 500s, 1600s

526

ᑕᒻᒫᑎᕐᕕᒃ

o

505A

aa

756

Ell

683

ᖃᔪᖅᑐᕐᕕᒃ

655

631

741

Drive

As
tr

g
lau
Pa

1010

747

749

745 743

q

753
755

Ben

762 760
766 764

Mattaa

1009

1012

et
Stre

768

685a

Soup
Kitchen

660

635

633

ᐱᐊᓐᑎᑳᔅᑐᓪ ᑐᑦᓯᐊᕐᕕᒃ
767 765

769

772 770

1011

609

Driv e

100s to 1300s

800

an
Com

1013

e

CORE AREA

774

1015

v
Dri

ᓄᓇᖃᕝ ᕕ ᓪ ᓗᐊᑕᖓ

771
776

1017

Pentecostal
Church

501

685

684

Boarding
House

521A

4003

4053

HAPPY VALLEY

522

521B

ᐃᓄᒃᓱᒃ ᐃᓕᓐᓂᐊᕐᕕᐊᓗᒃ

659

637

ᕼ ᐋᐱ ᕚᓕ

518

516

Inuksuk
High School

687

686

e
Pitsi Lan

639

611

a

1019

1018

613

616

ᕿᑭᖅᑕᓂ ᐋᓐᓂᐊᕕᒃ

iaria
q

4012

4005

4051

4076

689

663 682
661
664
680

641

ᑎᑎᖅᑲᓂᐊᕐᕕᒃ

761

803

ug a

778

1022

802

622

805

805
a

la
Pa

775

ᑲᐳᑐᓪ ᓱᐃᔅ

Post Office

Way

1051

1063

781

688

645

643

nt

1053

1061

804

779

624

Suites

Nia
qung
us

691

4007

4049

4074

ᑕᑉ ᐸᐅ

4009

4047

4072

4014

4011

4045

4070

Qikiqtani
General Hospital

4024

4013

4043

4068

503

4026

4015

4041

Water
Booster
Station #2

667
665

668

Cresce

1024

615

807 Capital

806 808

ᐃᖃᓗᓐᓂ ᐹᑉᑎᔅᑯᑦ ᑐᒃᓯᐊᖅᕕᖓ

1016

2012

784

619

h

786
1025
1023

Church

647

Matta aq

1027

Iqaluit
Baptist Church 1021 782

810

u
ng
qu
Nia 692

4028

4017

4039

4066

ᐃᒪᓕᕆᕝᕕᒃ 2

4030

4019
4037

502

q
ria
sia

ᐃᕐᓯᕋᕐᔪᐊᒃᑯᑦ

913

abet

1028

1050 1026

1020

ve
Dri

788

626

900

4032

4021

4064

690

q
Avi

et
Stre

1059

Lane

1070

1060

1029 790

933

et
Stre

1052

1074

1031

ᕿᓚᐅᑦ ᐃᓪᓗ

1-12

iq
Nats

Street
1072

1030

812

792

Iglulik

Allanngua

794

1033
1034

e

ᖃᒧᑎᒃ

510

911Catholic

623
621

630

Qamutiq

901

902

915

et

935 Qilaut Building
937

ᓄᓇᕗᑦ ᓯᓚᑦᑐᓴᕐᕕᒃ

ᐃᖅᑲᖅᑐᐃᕕᖃᕐᕕᒃ

Aquatic
City Hall /
Arnaitok Arena Centre

504

Nunavut
Arctic College

Nunavut
Justice Center

4034

4025
4023

4062

ᐳᐃᔾᔪᕋᕐᕕᒃ
ᓄᓇᓕᐸᐅᔭᐃᑦ/
ᐊᕐᓇᐃᑦᑐᖅ ᐊᓐᓂᑭᑦᑐᕐᕕᒃ

ᐃᒡᓗᕗᑦ

Eliz

ᑎᔅᑲᕗᕆ ᓛᔾ

1075

Stre

944

903

ᑰᓕᕐᕕᒃ/ ᕌᑲᑦ ᑲᓚᑉ

922

Igluvut
Buidling

ᐸᕐᓇᐃᕕᒃ

ᓖᔭ

&

Curling Club /
Racquet Club

ᑐᔪᕐᒥᕕᒃ ᐋᑎᒃ

926

Fred

Discovery Lodge

1057

Niuraivik

1056

Legislature

Parnaivik 924

946

Mivvik

1077

00s

1040

ᓈᕕᒐᐃᑕ ᐃᓐ

giq

iq

917

918

923

Hotel Arctic

ᓄᓇᕘᑉ ᒪᓕᒐᓕᐅᕐᕕᖓ

948

Legion

1036

927

en
Que

1079

Nu

985 AFN

ᐅᐃᕖᑦ ᑲᑐᔾᔨᖃᑎᒌᖏᑦ ᓄᓇᕘᒥ

Al Navigator Inn

1080 1082

t
avu

e

et

1083

et

1041

Drive

e
Str
1084

1081

ST 40

e
Str

ve
Dri Nunavut

t
vu
na

ad

1043

n
Nu

975

977

979

981

Ro

lik
Iglu

1092

1042

1076

973

959

ᑲᓇᑕᐅᑉ ᒐᕙᒪᒃᑯᖏᑦ

972

974

k 989

1085

1088

1078

a
uti
ktu
alu

St

vik

Ik

1122

ᓇᖓᓂ 40

987

aq

Miv

1093
1087

961

Government of
Canada
Building
971

iv
Dr

1089

e
Driv

1103

iqtu

1091

1120

n
Ka

957

969

970

tik
muCt

an

1124

1106
1105

1102

1101

Qa

m
Qa

1095

In

iv

ᖃᖓᑕᓲᒃᑯᕕᒃ

955

4058
4060

Co 519
urt

506

953

Dr

Airport Terminal

517

4036

4027

Kim

1104A

508

Aquatic Parking Lot

ᐳᐃᔾᔪᕋᖅᕕᐅᑉ ᓄᓇᓯᐅᑎᓄᑦ ᓄᖅᑲᖓᕕᖓ

ᐸᓖᓯᒃᑯᑦ

1307

ᐃᓄᒃᓱᒐᐃᑦ ᐃᓪᓗᐃᑦ

1099

Qul
liq

4040
4038

4029

An 4033
ur
4052
i
4035
Str
4054
ee
t
4056

5003

515

1409

RCMP

eral

1121

1300

1104C

Inuksugait
Plaza

Fed

1125

513

1411

1407

5007
5005

Road

ak
Mas

5300

4042
4031

Okp
ik

rt
Cou

1405

1126

2007

1408

1402

1400

1334

1413

4044
4046
4048
4050

Ab
e

1318

5302

1410

1419

499B

5000

5011
5009

ti

U

1336
1332

5326

t

1415 1417
1404

1421

sc
en

Sik

rt

5002
a-f

5324

t

1328

Cou

itu uq

499A

5004
a-f
5322

Cr
e

1425

5006
a-f

5320

e
Driv

Ulu

1320

5015
5013

5318

5304

ee
Str

1326

1104B

5312
5314
5316

5306
5308
5310
1416

Sa pu

1350

1322

1324

1123

5008

5017

1412

1127

ue
en
Av

5019

1342
a&b
1340

q

5021

5001

5010

gua
Pin

5023

ne
La

1135

5012

5025

1354

1330

5

5031

1352

1518

5014

5027

1356

1100s, 1500s

2003

5016

tu
aq

5035
5033

1396
1518b

Saputi

in

1398

1133

50585072
5018

t

1500

AIRPORT

5022

5020

ee
Str

1516

ᖃᖓᑕᓲ ᒃ ᑯ ᕕ ᒃ

Avenue

5056

5029
5045
5043
5041
5039
5037

1502

1516b

B A
5054

5067
a-e

m
ku
Ta

1520

5050 5052

5051
5049
5047

DECODE STEAM

5065b

5101

BABA
5065a
AB
5059 5061
5053
5057
5063
5055
Takuminaqtuq

1512
1503

5100

5109 5107 5105 5103

Road

5111

5113
5115
5117
5119
5121
5123

1505

5102 a-f

5106 5104

5125

1510

1514

1522

5069

5071

q
lia
qa
aq
Q

ng
all
iq

pa
at

1528

Ro
ad

5133
5131
5129

1515

5073

ᐃᒥᖅᑕᕐᕕᒃ

5082
5080
5078
5076
5074

Pingua Street

5075

5137

Geraldine
Lake

5084

5141

Cr
es
ce
nt

ᖃᖓᑕᓲᒃᑯᕕᒃ

500s, 5000s, 5100s

5118
a-d

5145
1521

d

1517

1531

New Airport
Terminal

oa

Nikku

R

La
ne

5116
5114
5112
5110
5098
5096
5094
5092
5090
5088
5086

ik

vik

Uk
kiv

5147

1546

ᐱᓕᕆᕝᕕᖏᑦ

1535

2454
2456
2458
2460
2462

2

24

STEAM MAKERS

Different Tools for a
Different Garage
BY GREG PICKEN

M

akerspaces are designed to inspire
us to bring big and small innovative concepts to life by providing
access to tools, knowledge and a community
of makers. This shared space and equipment
can range from design software and 3D printers, to metal- and woodworking tools, to art
supplies and whatever else is needed to help
people turn their ideas into reality.
In fact, this maker mentality is becoming
so popular that Microsoft, one of the world’s
largest technology companies, has created
the Microsoft Garage as a way to power
creativity and ingenuity, for the benefit of
both the company and its employees.
With 12 locations around the world, including one in Vancouver, The Garage provides
physical space, tools and guidance. As a result,
Garage Program Manager Chris Richards has
seen his colleagues given the freedom to
experiment, to test, to fail—and to keep trying.
“The sites have a makerspace component, so they have a physical area with all
the great tools,” Richards explained. “You
want to prototype something, you want to
build something, you just want to tinker, do
arts and crafts, or if you want to go all the
way up to robotics and embedded systems,
we have everything you need.”
What makes The Garage work isn’t just the
hardware, it’s also the mentality in the physical space, which Richards, an engineering
physicist with a background in automotive research, says clearly puts Microsoft’s
cultural priorities into action.
FALL 2021

“It’s an environment of creativity and
tolerance for the risk process in product
development. If you have a crazy idea that
just might work, The Garage is really good
at figuring out what’s the fastest way to test
that: Does your hypothesis hold water?”
The global network of garages is also
home to the world’s largest private hackathon, the Microsoft Global Hackathon,
where Microsoft employees are challenged
to bring their most innovative and unique
solutions to real-world problems.
“Last year in the summer, even working from home due to COVID, over 70,000
people participated,” said Richards. “This
year, it’s in October, and we’re hoping to
see even more Microsoft people and select
external partners join us.”
With thousands of employees using the
garages, for ideas that can be serious or whimsical, projects range from accessibility or quality-of-life additions for Microsoft programs
to personal hobbies. This means there’s no
one-size-fits-all approach to projects.
“We run the full gamut,” Richards
explains. “A business leader might have
identified a good market that we want to
get into, but we’re not sure if we want to
dedicate full resources to it. Through The
Garage, they can put a small team together
to go through ideation, market analysis,
prototyping, and market research.”
“That’s one end of the spectrum,” he
continues, “but on the other end is anything
that someone is passionate about. I’ve had
24

people coming and tinkering with 3D printers to make board game pieces, miniatures
or custom cookie cutters.”
Richards even saw a small team working
on a physical mute button for video calls.
Having experimented with his own fun
side project to deepfake a departing colleague
into a music video, Richards also appreciates
that when you provide access to new tools
and technologies, it’s important for users to
understand proper ethics and safeguards.
“Fundamentally, what it comes down to
is, yes, these tools can be used to do some
gross things, but as ethical developers, if
we want to counter those gross things, we
have to understand how those tools work,”
he outlined. “I learned a ton about how
to recognize deepfakes. I see a little bit of
pixellation here, a little bit of colour tone
shift here, and I now know to ask, ‘Has it
been faked?’”
ROOT & STEM

For many Garage projects, artificial intelligence tools can play an important role, and
experimenting with AI on these side projects is a great way for Microsoft employees
to learn and expand their skill sets.
“AI will become a fundamental tool—it
already has,” Richards believes. “For the
people who are coming up in the system
right now, going through their education
and looking at careers, having a grasp on
functional machine learning and artificial
intelligence is going to be a pretty standard tool in your toolkit.”
While the people who work in The Garage
are all highly trained tech professionals,
Richards sees the same lessons and makerspace mentality fitting into the classroom,
even with simple tools and supplies.
“From an experiential point of view, when
you make something happen with your
hands, that’s exciting,” he enthused. “You
FALL 2021

get that rush, the first time you make the
light come on, or the buzzer sound, or the
motor rotate. That’s magic.” H

• • •
Microsoft Garage Projects
Many digital projects have roots in The
Garage. Some may be incorporated into
existing Microsoft software, some may end
up as their own standalone tools, with the
best recognized on the The Garage Wall of
Fame (aka.ms/walloffame).
Farm Beats
microsoft.com/en-us/garage/wall-offame/farmbeats
A data-driven farming project designed to
make AI available to farmers around the
world, increasing farm productivity and
reducing costs.
25

Seeing AI
microsoft.com/en-us/ai/seeing-ai
Harnessing AI in an app to help the visually
impaired navigate their world.
Watch For
microsoft.com/en-us/garage/wall-offame/watch-for
Deploys AI for analyzing and surfacing interesting elements of a livestream in real-time.
CODING AND PROGRAMMING
TECHNOLOGY AND SOCIET Y

Learn more about the Microsoft Garage
at microsoft.com/en-us/garage
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DIVING
IN DATA
How AI Could Help Save the Whales
BY SOFIA OSBORNE

W

hen Jasper Kanes was two years old, their parents took them
whale watching for the first time. As is the case for many whale
enthusiasts, that first encounter sparked a life-long devotion.
“There are photographs of me with my inflatable whale that I was in love
with as a tiny, tiny toddler,” Kanes tells me. “Apparently I cried when my
parents deflated it after giving it to me for Christmas so that we could
drive home.”
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Kanes went on to study whales during and then this neural network learns to
Tom Dakin, an underwater acoustician
their undergraduate degree, starting with
determine if that call is present in this sound
who installs hydrophones up and down the
research projects for which they would clip through this training process.”
coast for clients including the BC Coastobserve whales from boats. “As I learned
The possibilities of advancing research wide Hydrophone Network—a coalition
more about these animals, I realized just
into, and management of, whales with this of NGO hydrophone projects—the Departhow important sound is to their world,” technology are particularly vital in a time
ment of Fisheries and Oceans and Transport
Kanes says. “They see with sound. They when so many whales in the Salish Sea—a Canada, says there will soon be 21 hydrocommunicate with sound. It’s the most stretch of ocean that runs from southern BC phones in the water for the network alone,
important sense to them. So I thought to into Washington State—are threatened by
collecting about 183 terabytes of data per year.
myself, if I really want to understand them,
many factors, including vessel strikes, ship
“It’s incredibly expensive to put things
I need to start looking at sound.”
noise and a dwindling food supply.
under water for long periods of time,” Dakin
British Columbia is especially well
The Salish Sea is famously home to the
says. “So the sacrifices and the scrounging that
primed for this type of acoustics-based
southern resident killer whale, an orca people have done in order to be able to do the
research, as the province’s coast is believed ecotype that is critically endangered, with
research that they’re doing is really awe-into house more underwater microphones— only 75 members remaining. But it is also spiring. They’re shining examples to the rest
or hydrophones—for research purposes vital habitat for other species and ecotypes:
of us of the dedication that people can have.”
than anywhere else in the world. These
the marine-mammal-eating transient or
Janie Wray, CEO of the North Coast Cetahydrophones lie below the waves, record- Biggs killer whale, the northern resident
cean Society and Science Director for Orca
ing the grunts of fish, the calls of whales and killer whale, and a recent resurgence of the Lab, helped start the hydrophone network
the rumbling of ships 24 hours a day, seven humpback whale. Being able to know where
project with Dakin as a way to link the NGO
days a week, and producing mountains of
these whales are in real time, based on alerts hydrophones along BC’s coast. They also
data for scientists to comb through.
from AI derived from hydrophones up and approached First Nations like the Heiltsuk of
“It’s become very inexpensive to collect
down the coast, could mean the prevention Bella Bella and the Kitasoo/Xai-xais of Klemtu
passive acoustic data,” Kanes, now
to set up their own hydrophone proja junior staff scientist for Ocean
ects in their territories.
“Each hydrophone that we have
Networks Canada, explains. “Hard
The goal of the network is to bring
drives are getting really, really
all
of the hydrophone equipment in
in the water has an acoustic story
cheap. It’s getting easier to do
the water up to the same level so that
to tell us about that habitat.”
autonomous deployments. And so
the data is comparable across the
everybody who’s collecting passive
coast. They ultimately plan to create a
acoustic data has suddenly arrived at this of countless whale deaths going forward, website that will display an ocean noise health
point where we have gigabytes upon gigaas vessels could be warned to slow down or index, where the public will be able to look at
bytes—some of us have petabytes of data—
vacate an area if there are whales present.
noise levels throughout the province. The data
that we just don’t have the time to look
There is also tremendous research value
collected by the hydrophones will also be availthrough … It’s very exciting because there’s in this archive of acoustic data. Certain able to anyone for their own research projects.
lots to look at, but it’s a real challenge to whale calls can be indicative of particu“It’s phenomenal how many hydrophones
figure out how [to] analyze all of this data? lar behaviours, from humpback whales
are in the water,” Wray says. “And it’s great
So a big push in the community right now
bubble-net feeding (a feeding method that because all these different organizations
is to develop automated tools.”
involves vocalization to coordinate a group are listening to whales, we’re all gathering
Such tools utilize artificial intelligence (AI) of whales to circle a group of fish, creating data, but we’re also gathering data on ocean
in similar ways to the speech recognition tech- a “net of bubbles” that disorients the fish
noise … Each hydrophone that we have in
nology many of us already use, like Apple’s and signals through a call when the whales
the water has an acoustic story to tell us
Siri or Amazon’s Alexa, explains Oliver Kirseshould open their mouth and feed) to orca about that habitat.”
bom, a senior staff scientist on the Meridian foraging for fish. Often, pods and even
As these hydrophone projects grow, so too
project at the Institute for Big Data Analyt- families of orca have their own distinct
do the AI projects that will allow scientists to
ics at Dalhousie University. In similar ways calls, and researchers are able to identify parse through this important data. However,
to the algorithm-based speech recognition which groups are using certain areas and developing and training these algorithms is
software, speech recognition tech is being during which times of the year.
not without challenges, most notably a lack
used to recognize and analyze whale calls.
With so many benefits to be gained of annotated data sets—data that has been
“The idea with these algorithms is that from collecting and analyzing this data,
labelled by a bioacoustician and can be used
you can train them by feeding them exammany organizations, including NGOs, First
to teach the AI what to look for.
ples of, in our case, sound clips,” he says. Nations, government agencies and private
“Although these algorithms can be trained
“So you know if this particular sound clip companies, have started to set up their own
to do really impressive things, they are kind
contains the call of a certain whale or not,
hydrophone projects.
of dumb too, in the sense that they require
FALL 2021
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The ECHO tetrahedral hydrophone
array (one of two) goes over the side
of E/V Nautilus

just a lot of data before they get to that
point,” explains Kirsebom. “Although we
keep talking about them as artificial intelligence, they’re still far away from what a
human is capable of, which is to recognize
a sound having heard just a few examples
of that sound. And with a neural network,
we have to show it so many examples before
it starts to recognize that sound. And even
then it will still make mistakes.”
Kanes, who specializes in studying
passive acoustics, is one of very few people
in the country creating annotated data sets
that will be widely available for anyone to
use in their projects.
“I’m in a unique position at Ocean
Networks Canada to really help move things
forward because I’m not being paid to fulfill
the requirements of a specific project … I
don’t have to keep my data confidential.
All of the data I work with are available for
anyone to use,” Kanes tells me. “My mandate
is really just to help science move forward.
So I’m quite free to produce datasets that
are very, very public and to promote them
to people to use.”
To label the data, Kanes does not usually
listen to the recordings; instead, they look
at spectrograms—visual representations of
the sound data—which show time on the X
axis and the frequency of the sound—how
high or low the sound is—on the Y axis. With
a practised eye, Kanes can recognize the
shapes certain calls make in the spectrograms, and more quickly pick out important
pieces of data.
“It’s a real treat when I have cause to
actually listen to the whales, but if I was to
listen to the data we collect in real time, it
would take far too long,” Kanes says. “We
have more than 20 hydrophones in the
water. They’re streaming to us 24 hours a
day. There’s no way that I could ever catch
up with our data collection if I was listening
in real time.”
Another challenge faced by those creating
whale AI is the presence of similar sounds
that can lead to false positives—when the AI
FALL 2021

believes it is identifying a whale call but is
actually hearing something like a bird call
or the sound of a boat winch.
“There’s always going to be new sounds,”
Kirsebom tells me. “So even when you’ve
trained the network on all sorts of sounds, a
new vessel may come by like a ship that makes
a sound that the network has never heard
before, and again, that’s where the networks
sometimes struggle in a way that we humans
don’t struggle … We’re not there yet in terms
of mimicking our capacity to generalize.”
Kanes tells me about one memorable day
when a humpback whale call detector made
300 detections in the span of one hour in
the Strait of Georgia. Kanes looked closer
at the data, and found that it was actually
the shaft rub on a boat’s propeller creating
a very convincing humpback-like sound.
“With all of that context, I can look at it
and be like, actually that’s shaft rub,” Kanes
says. “But … it would be so hard to account
for all of the factors that go into my decision [that] actually this isn’t a humpback.
‘Cause it has the right shape, it’s the right
timbre—which is sort of like the quality of
the sound— it’s the right frequency, it’s the
right duration.”
In this way, these whale AI networks are
still far behind humans when it comes to
analyzing the context around a sound.
“That’s one thing that we’re lacking right
now in the algorithms that we’ve been working with, is that knowledge of what happened
… a minute ago or 50 minutes ago,” Kirsebom
explains. “That’s very challenging.”
While some may fear AI will make
humans obsolete, the reality is that this type
of whale AI will probably not be replacing
the role of bioacousticians. Instead, the two
will work together as a team.
“Now that I’m really in it and I see how
a lot of these machine learning algorithms
function and how well they perform and all
of the nuances that confuse them and all of
the contexts that I actually use as a human
annotator, I’m starting to realize actually,
no, I’m probably not going to put myself
34
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out of a job,” Kanes says. “These tools will
probably make my job easier in that they’ll
pick out sounds without me having to go
through them.”
As NGOs continue to work on whale AI
projects, tech giants are jumping into the
fray too. In 2018, at a workshop in Victoria,
Google pitched the idea of developing realtime whale detection to Canada’s Department of Fisheries and Oceans (DFO)—the
company had already developed similar
technology for humpback detection in
Washington for the National Oceanic and
Atmospheric Administration.
Paul Cottrell, Marine Mammal Coordinator for the DFO, whose team has 20
hydrophones in the water, was excited to
partner with Google on this project. They
ROOT & STEM
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also collaborated with Rainforest Connections, a non-profit tech group that previously worked with Google to create a web
interface that would alert wildlife officials
when chainsaw sounds were detected in the
Amazon Rainforest.
“It’s just been incredible,” Cotrell says.
“To actually pay to have this put in place
would have been so expensive; if we had
to do it without these collaborations, it
wouldn’t have been possible. So this really
only happened because of this Google team
of amazing engineers that could put this
cutting-edge programming together.”
Cottrell and his team have been provided
with Google phones which notify them when
the AI has picked up an alert at one of their
stations. They can then listen to the hydroFALL 2021

phones to determine if what the AI has
detected is indeed a whale call. The DFO
network utilizes experts in the field to identify the calls, pinpointing not just what species
and ecotype of whale has been heard, but
often even what pod the whale may belong
to. This information is fed back into the AI,
allowing it to improve constantly.
While the AI is still in its training phase,
the hope is that it will soon be used to make
real-time management decisions. For
example, if the DFO knows that a large pod
of southern residents is moving through a
pass, they can alert vessels to slow down or
avoid the area.
On top of their ability to prevent vessel
strikes, Cottrell believes this AI could be a
key tool if the area was to experience an oil
35

Naxys Hydrophone rests on a tripod after
deployment to Cascadia Basin (top)

spill. “If there ever was a catastrophic or a
large, significant spill in the Gulf Islands,
we would be able to know where the whales
are,” he says. “If we knew the spill trajectory we could get in front of that and prevent
the whales from moving into an area to get
exposed. So that’s another big piece of this
project is to look at this threat minimization
from anthropogenic threats.”
South of the border, other tech companies
have been lending their programming prowess to the fight as well. In the summer of 2019,
at a Microsoft hackathon in Seattle, a group
of Microsoft employees began working on
another algorithm to detect whale calls in real
ROOT & STEM
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time. The project, called Orca Hello, has been
in development ever since, with the team
volunteering in their spare time to design and
train the algorithm. It has now been deployed
on three hydrophones in Washington run by
the non-profit Orca Sound.
“We didn’t believe it till we saw it with our
own eyes,” says Prakruti Gogia, a Microsoft
software engineer who works on the HoloLens smart glasses, and a member of the Orca
Hello team. “To actually see it work live, that
was a really, really incredible experience.”
The algorithm was deployed in late
September, 2020, and it sent its first realtime alert a few days later. “The first thing it
actually got were a couple of false positives,”
Gogia says.
“Otter squeaks!” Gogia’s teammate Akash
Mahajan adds excitedly. Mahajan, a Microsoft applied scientist, says that the speech
recognition AI he works on for his day job
is usually trained on tens of thousands
of hours of labelled data. Orca Hello was
trained on just fifteen.
“From the beginning ... we wanted to create
a prototype or a reference design for a system
that by design has a feedback loop,” he says.
“So the way we’ve set up our system is that we
start with some small amount, but we can turn
on those hydrophones and when false positives and things come back in they’re exactly
from what we need, and we can use that to
refine and continue to improve.”
Soon the AI was picking up the calls of
orcas and even humpbacks.
“The very first time we heard humpbacks
and the system actually picked up detected
humpback calls in the audio, that was an
incredible moment because they’re really,
really distinctive calls, and so echoey,” Gogia
says. “It was amazing for me. Like that was
the wow moment.”

Scott Veirs, who co-founded Orca Sound
with his father Val, calls these spectacular audio events “live concerts,” and
views them as a way to forge a connection
between humans and whales that will—
he hopes—result in an increase in empathy for, and activism around, the plight of
the whales, particularly the southern resident killer whales. That is the ethos behind
Orca Sound, which utilizes live streaming
of their network of three hydrophones to
allow anyone to listen in on the underwater
world in real time.
“We’re also advocates for general open
data,” Veirs explains. “All of our live streams
are archived and those are also available for
researchers. And so that’s sort of in theme
with the way Val—my father—and I started,
which is, we believe that education is also
transformative, and there’s wonder to be
felt when you’re analyzing the sound after
the live concert too.”
In a way, Orca Sound is also a citizen
science project, encouraging its listeners
to help contribute to labelling the data it
collects. By visiting orcasound.net/learn,
anyone can listen to the common sounds
found in the Salish Sea and begin to learn
how to identify them. In this way, many
more of us could contribute to annotating
data that could help whale AI move forward.
“The app itself is trying to engage folks
in acting on behalf of the whales—that’s
its primary purpose—but it’s also trying
to engage them as citizen scientists,” Veirs
says. “So from a student’s perspective,
maybe the most interesting thing to do is
to use some of our learning resources to
teach your students about what killer whales
sound like and what other common sounds
in the Salish Sea are, and then get them
pressing the button.”

With so many talented scientists and
researchers investing their energy into these
AI projects, progress in the field of whale AI
is set to grow exponentially.
“Over the many decades that this research
has evolved to where we are now … I look at
this and think, wow, in 10 years, what are we
going to have? Because what’s changed in
the past 10 years has been amazing,” Cottrell
says. “The technology, the artificial intelligence, the programming ... is just changing
so rapidly. And to keep up with that and help
the whales is so important.”
In addition to its benefits for whale
research and protection, these hydrophone
and AI technologies could be used to study
other parts of the underwater ecosystem as well. As part of his PhD research,
Xavier Muoy, a PhD student at the School
of Earth and Ocean Sciences at the University of Victoria and an acoustician at JASCO
Applied Sciences, is using hydrophone data
to identify and monitor the sounds made by
different fish species. This research could be
particularly beneficial for fish that require
conservation strategies, like rockfish.
“As I started to look at data from hydrophones that were collected along the coast
... I could still find, pretty much everywhere, these very low frequency sounds that
were super grunty and not from a marine
mammal,” Muoy tells me. “I found out that
those are fish, and so if we can hear fish in
most of the hydrophones that we have along
the coast, that means there’s also good potential to monitor fish just using their sounds.”
As this field of underwater AI continues
to grow on the west coast, the many disparate projects are working to come together
and collaborate—after all, the whales don’t
recognize borders.
“Coast-wide, there’s a lot of hydrophones
out there and they’re all in different
networks,” Cottrell says. “And I think linking those in as well, is going to be important
and I think a challenge going forward, but
something that hopefully we can connect ...
and help the whales.” H
TECHNOLOGY AND SOCIET Y
DATA
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Digital Kit
PAST ISSUES
If you missed the Spring 2020, Fall 2020 or Spring 2021 issues of Root & STEM, you can find them online at
pinnguaq.com/root-stem

RESOURCES
We have developed additional digital resources for educators to use in their classrooms—including lesson
plans, video tutorials, and handouts. They can all be accessed online via the links that follow.

Math in Nature Video Series

How to Assemble a Computer

The Math in Nature Video Series is an excellent tool for connecting
math and the world around us. Each video explores a different topic
and provides examples of math being discovered in nature.
pinnguaq.com/learn/math-in-nature-video-series

This video tutorial guides learners through the parts of a computer
and how to build your own.
pinnguaq.com/learn/how-to-assemble-a-computer

Iqalliarluk
The Inuktitut Digital Literacy Game Engine

Have fun and improve your typing skills by playing Iqalliarluk—
ᐃᖃᓪᓕᐊᕐᓗᒃ, a new game developed by Ilitaqsiniq—the Nunavut
Literary Council and Pinnguaq!
pinnguaq.com/learn/iqalliarluk

The Inuktitut Digital Literacy Game Engine hosts three games (and
educators can add their own game iterations they create), designed
in partnership with Ilitaqsiniq—the Nunavut Literary Council. This
learning resource encourages students to practise the Inuktitut
language through three simple digital games created in Scratch.
These are engaging tools for Inuktitut language educators to expand
literacy and vocabulary.
pinnguaq.com/learn/inuktitut-digital-literacy-game-engine
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YOUR AI BINGO CARD!

CREATE YOUR AI BINGO CARD!
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Message to Educators

I

n the following lesson plans we introduce basic concepts of AI
into the classroom in developmentally appropriate, entertaining and solidly educational ways, including hands-on activities
that support learning through play.

Short instructional videos are provided where needed to demonstrate activities. They are included in supplementary support material. We hope these lesson plans provide educators with ideas for
integrating digital tools into the classroom.
— JENNIE CROSS
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Module 1
Grade Level: K to 3
Subjects: Computer Studies, Social Studies
Topic: Computer Fundamentals
Software: Google Teachable Machine
(web-based)
Author: Pinnguaq Staff
Introduction to Machine Learning

Introduction
In this lesson, students learn how a computer
can be taught to categorize objects. This is
something students already have experience
with. They can likely separate objects into categories quite easily. They might point out how
many animals, vegetables, fruits or vehicles are
in an image. For a computer, though, this task
can be quite complex.
A computer can be taught to tell objects apart
visually if it is given a set of example images.
In this class, students first do a non-computer
activity that asks a series of questions to help
them determine which category an item fits into.
Next, using Google Teachable Machine, the
class takes a series of pictures with the teacher’s computer, one of each student, as well as
some pictures that have no students in them.
Then, the computer will be taught to tell when
it is looking at a picture of a person and when
it is looking at one without any people in it.

Learning Goals
• Introduce machine learning and how it is
used in communities
• Explore how machine learning uses
questions to determine the category
something fits into
• Learn how a computer detects what is
happening in the world around it
• Introduce foundation concepts of bias in
machine learning

• Machine Learning: teaching computers
how to make decisions based on examples
it is given
• Category: a way of grouping people or things
based on their characteristics

Materials
• Device with internet connection and a
camera (computer / tablet / smartphone)

Non-Computer Activity
Guiding Questions
1. Can computers learn? (Answer: Yes, today
we’ll look at how to teach computers.)
2. Can a computer tell the difference
between objects? (Answer: Yes, but we need
to teach it how.)
3. Can a computer use a camera to
recognize a person? (Answer: Yes! Students
may have seen facial recognition used to
unlock phones.)

Curriculum Links
Science and Technology, Applied Design
Skills and Technologies
Students will:
• Make a product using known procedures or
through modelling of others
• Explore the use of simple, available tools
and technologies to extend their capabilities
• With support, follow the steps in a simple,
teacher-prepared procedure for a test /
experiment
• Ask questions that demonstrate curiosity
about the world around them
• Make guesses about possible outcomes of
simple procedures
Social Studies
Students will:
• Recognize the causes and consequences of
events, decisions or developments

Is It An Animal?
In this activity, students work in pairs to determine whether their partner has written down
the name of an animal, place or thing without asking the question directly. This activity
builds students’ ability to ask questions that
can differentiate items based on their characteristics. Identifying similarities and differences
allows both people and artificial intelligence
(AI) in order to group or separate things.
Step 1 → Without showing their partner, each
learner writes the name of a living thing, plant,
food or other object on a piece of paper and
places it face down.
Step 2 → Each student asks a maximum of five
questions to their partner. The aim is to determine whether their partner has written down
the name of an animal or something else, without asking directly, Is it an animal?
Example
Partner 1: Writes down “tree” without
showing Partner 2
Partner 2: Begins asking their five questions to
figure out if Partner 1 wrote down an animal
Partner 2: Is it alive?
Partner 1: Yes.
Partner 2: Does it live in the forest?
Partner 1: Yes.

(The Ontario Ministry of Education “Grade 1–8
Science and Technology,” Ministry of Education,
last modified 2007, accessed June 21, 2021,

Partner 2: Does it have legs?
Partner 1: No.

edu.gov.on.ca/eng/curriculum/elementary/

Partner 2: Does it move?
Partner 1: A little…

scientec18currb.pdf).
(The British Columbia Ministry of Education
“Applied Design Skills and Technology,” accessed
June 21, 2021, curriculum.gov.bc.ca/curriculum/

Partner 2: Does it eat?
Partner 1: No.

adst/3/core).

Vocabulary
The following is a list of potential new words
that students should understand.
FALL 2021

(The British Columbia Ministry of Education “Social
Studies 3,” accessed June 21, 2021, curriculum.

Partner 2: It’s not an animal! What were you
thinking of?
Partner 1: A tree!

gov.bc.ca/curriculum/social-studies/3/core).
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STEP 2

Then the partners switch who is asking
questions.

Computer Activity
Introduction and Example
In this activity, the class works together to
make a machine learning project. They teach
their device to detect when a person is in view
of the camera using Google Teachable Machine.
The following video shows an example of how
this tool can be used.
Video Link: youtu.be/T2qQGqZxkD0
Step 1 → Go to the Google Teachable Machine
website: teachablemachine.withgoogle.
com/train
Step 2 → Click Image Project then choose Standard Image Model.
Step 3 → Class 1 and Class 2 are the default
names for categories. Change these to People
and No people by clicking on them and typing
in the new names.

STEP 3

Step 4 → Next, add sample images to each category (People and No people) so the computer
can learn to tell the two types of content apart.
Start by adding photos of people. The more variety of people and types of photo, the better the
model will perform. Different lighting, angles
and distance can help the model detect people
in different situations. Add photos of each
student and the teacher using the webcam. If
prompted to do so, allow access to the device’s
camera. Click and hold the Hold to Record
button to take several photos of each student. In
a remote teaching environment, have students
submit a photo of themselves using the Upload
feature. Review the images and remove any that
don’t have a person in them.
STEP 4

Step 5 → Next, take some sample images for
the No people category. Again, be sure to take
a variety of photos but be certain there are no
people in any of the photos! Review your photos
and remove any that have people in them.

STEP 5

Step 6 → Now that example images have been
saved in each category, the model needs to
be trained. This process gives the computer
a chance to look carefully at each example
FALL 2021
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STEP 6

STEP 7

image. This helps the model to be able to guess
quickly whether it is being shown a picture of a
person or not. Click Train Model and wait until
the process is complete.
Step 7 → When the model has finished training,
a live preview of it working will be displayed.
This view can be used to test the model! Test
the model with students to see if it replies
correctly when there are people or no people
in the view of the camera.
Extension Challenges
• Can the model be fooled? How? Try showing the camera only part of a person, or a
photo of a person
• What happens if students show one of
their hands to the camera, but not their
face? How could the model be improved
to detect hands better? (Answer: Adding
photos of students’ hands to the people
category will improve the model)
• Try starting again to create another model
with more categories, or a model that uses
poses, or sounds instead of images. How
well does this work?

Conclusion
Dog vs. Desk
Quick exercise! What is the difference between
a dog and a desk? What do they have in
common? Make a chart on the board with a
column for Dogs and a column for Desks. Have
students come up with qualities that can be
used to identify the similarities and differences.
Place a mark to show if the dog or desk has that
quality. Encourage discussion about general
rules (not all dogs or desks have four legs, not
all dogs fetch, etc.). When more information is
provided about an animal or object, guesses
about which category it fits into are more accurate (see table to the right).
FALL 2021
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Resources
Additional Resources
• “Machine Learning and Human Bias” from
Google: Uses relatively plain language to
explore bias in machine learning
youtu.be/59bMh59JQDo
• “How I’m Fighting Algorithmic Bias” by Joy
Buolamwini: This video is perhaps better
suited to older students but does a great
job of explaining bias in AI
youtu.be/UG_X_7g63rY

We at Pinnguaq want to see the awesome
things you’re creating! Take a photo or video
and share your work with us by emailing
media@pinnguaq.com or tagging
@pinnguaq on social media. Don’t forget to
include the hashtag #LearnWithPinnguaq!
CODING AND PROGRAMMING
TECHNOLOGY AND SOCIET Y

Social Media Resources
• Joy Buolamwini Twitter @jovialjoy
• Algorithmic Justice League Twitter
@AJLUnited

Qualities

DESIGN

DATA

Dogs

Desks

Has four legs

×

×

Can be indoors or outdoors

×

×

Many different sizes

×

×

Eats food

×

Good to eat off

×

Fetch

×

Requires assembly
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Module 2
Grade Level: 4 to 6
Subject: Computer Studies, English
Topic: Computer Fundamentals
Software: Kuki.ai (web-based)
Author: Briana Brownell and Jessa Gamble
Turing Tests

Introduction
When artificial intelligence (AI) advances to a
certain level, it may be possible to have conversations with machines that feel like speaking to
a human. This exercise tests the current state of
AI to see whether we can be fooled.
A Turing test is one way of testing the intelligence of a computer. The 20th-century mathematician Alan Turing pointed out that if a
computer can have a conversation with a
person and make them feel as if they are speaking to another human, we might say it has a
certain kind of intelligence. When a person
can no longer tell the difference between a
conversation generated by the computer and
a conversation generated by a person, the
computer “passes the Turing test.” In this exercise, students meet a prize-winning chatbot
who is famous for her human-like responses.
Viewing Activity
The following is a two-minute video that
explains Alan Turing’s theory.
youtu.be/bCUNdu_OqUY
(Jr. Mojo. “ALAN TURING!—Fantastic Facts.” December 18, 2018. YouTube Video, 2:22 minutes).

Learning Goals

Materials

• Introduce artificial intelligence using
chatbots
• Critically evaluate the chatbot to compare
to human conversation

• Device with internet connection and a
camera (computer / tablet / smartphone)
• Free account set-up with chat.kuki.ai

Non-Computer Activity
Vocabulary
• Chatbot: a computer program designed to
simulate conversation with human users
• Turing test: a test for intelligence in a
computer, requiring that a human being
should be unable to distinguish the
machine from another human being by
using the replies to questions put to both

Guiding Questions
• Has anyone had an experience with artificial intelligence? What was it? (Students
may be familiar with digital assistants like
Siri, Alexa, Cortana et al.).
• How do computers help humans? (What are
some tasks that computers are good at?)
• What are examples of tasks that are a challenge for computers to perform? (Computers are great at doing fast calculations, but
not so good at completing creative tasks
independently, imitating people, not always
good at recognizing speech etc.)

Curriculum Links
This module aligns with provincial and territorial Language Arts curricula, providing an
opportunity for students to question what we
read, hear and view to be engaged citizens.
Students will also have the opportunity to
demonstrate willingness to learn new technologies as needed.

Human Conversation
This exercise introduces the unique characteristics of human-to-human conversation.
Have students form pairs and chat with each
other for five minutes. One person is the interviewer and asks a series of questions (ten
questions is sufficient) about a topic of their
choosing. The other student answers each
question. For example, what is the opposite
of hungry? How does a car work? Why do dogs
fly? Have students write down the questions
and the answers.
The questions and answers will then be used
in the next activity.

Computer Activity
Talk to Kuki
Step 1 → Type a Document with Your
Questions and Answers
Use a word processor (e.g. Google Docs, Microsoft Word, Notepad) to type up the questions
and answers from the Human Conversation
activity.
Step 2 → Chatbot Conversation
Go online and speak to Kuki, an AI chatbot.
(Note to teachers: Set up an account at chat.
kuki.ai so Kuki does not interrupt the conversation to suggest doing so.)
Ask Kuki the same questions asked in the
earlier Human Conversation.
Copy and paste the transcript of the conversation with Kuki into your document, entering
the answers either before or after those from
the human conversation.
Step 3 → Disguise the AI Conversation
Format the partner and Kuki conversations
so that they are identical by making the font
and font size the same. Do not change any of
the actual text. The goal is to make telling the
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difference between the responses as hard as
possible for the next team.
Step 4 → Be the Judge
Have each pair of students look at the transcripts from three other pairs and see whether
they can determine which was the human
conversation.

Conclusion
Discussion
Question 1: Were any of the Kuki conversations human enough to fool us?
Why or why not?
Question 2: What is a mind?
How can you tell if you’re speaking to another
person?
Optional: Schedule a video call with Kuki
with the class. Please note, at the time of
printing, this feature was currently in beta
testing and requires a short application
process: kuki.ai/video-call

Resources

CODING AND PROGRAMMING

Additional Resources
• Article—“A Holographic Future: Exploring
the Capabilities of the Looking Glass Holographic Display”
pinnguaq.com/holographic-futureexploring-capabilities-looking-glass

TECHNOLOGY AND SOCIET Y
DESIGN

DATA

Social Media Resources
Kuki.ai is on these social media platforms:
• tiktok.com/@kuki_ai
• youtube.com/c/kuki_ai
• instagram.com/kuki_ai

• • •
We at Pinnguaq want to see the awesome
things you’re creating! Take a photo or video
and share your work with us by emailing
media@pinnguaq.com or tagging
@pinnguaq on social media. Don’t forget to
include the hashtag #LearnWithPinnguaq!

Notes:

FALL 2021
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Module 3
Grade Level: 7 to 8
Subject: Computer Studies
Topic: Computer Fundamentals
Software: Recog (web-based)
Author: Briana Brownell and Jessa Gamble
Machine Learning: Supervised
and Unsupervised

Guiding Questions
• Can computers learn? How do they learn?
(Answer: Yes, today we’ll look at how to
teach computers)
• Can a computer tell the difference between
objects? How do they know how to do this?
(Answer: Yes, but we need to teach it using
examples, or create algorithms to identify
patterns to recognise objects)
• Why do computers need people to help
them learn? (Answer: We teach computers
to identify patterns and recognize objects)

Introduction
There are many ways to build machine learning
programs. In this lesson, students explore two
of the basic types of machine learning: unsupervised learning and supervised learning.

Learning Goals
• Engage in hands-on activities to train a
machine in two ways
• Understand the difference between supervised and unsupervised learning
• Understand real-world applications of
machine learning

Curriculum Links
This module aligns with provincial and territorial Computer Science curricula, providing an
opportunity for students to explore emerging
areas of computer science research. In addition,
through the Social Studies curriculum, students
have the opportunity to assess the significance
of an event (in this case, AI) on people, places
and developments at this time in history.

Materials
• Device with internet connection and a
camera (computer / tablet / smartphone)

Vocabulary
• Supervised Learning: A type of machine
learning task. If we know what we want the
computer to be able to identify, or the categories we want it to distinguish among, this
is the type of machine learning we use. The
initial data is labelled so the machine can
learn which features are shared by data in
certain categories. It then generates an algorithm to categorize future, unlabelled data.
Humans can check the accuracy of these
predictions and get feedback to improve
the algorithm. Right now, this is the most
common type of machine learning.
• Unsupervised Learning: Another type of
machine learning task. This approach is
ideal for identifying general similarities and
useful patterns—even the kind that humans
don’t tend to notice. Humans do not guide
machines to group information, and patterns
emerge on their own.

FALL 2021

Computer Activity
Activity 1: Recog (5 minutes)
In this activity, students work as a class on
making a machine learning project that teaches
a device to identify their handwriting. They will
use Google Teachable Machine for the project.
The video below shows an example of how this
tool can be used.
Recog is an open-source educational program
that can learn to recognize individual handwritten characters. It uses a two-layer neural
network to learn new characters and refine
its knowledge of those it already knows.
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Students can hand-train Recog in two ways—
supervised or unsupervised—to recognize
digits, vowels, arrows in different directions
and symbols of their own making. It takes
about three examples of each figure for
the program to recognize a set of around
10 patterns. Use the following web app,
neilfraser.github.io/Recog. Students use a
pre-trained neural network to see how well it
can recognize their handwriting (see the character recognition image below).
1. Draw a letter, number or symbol with the
mouse.
2. Press Digitize to see how the software
makes sense of what has been drawn and
turns it into a series of squares.
3. Select the model 0123456789 from the
drop-down menu. This is a neural network
that has already been trained to recognize
digits from 0 through 9.
4. Press Recognize to have Recog compare
the new symbol with the models it has
stored and return the probability that that
the new symbol is a match for each of the
elements in the program’s memory.
5. If it identifies the symbol incorrectly, click
Learn and tell it the correct answer.
6. Repeat three times for each number. How
well did it do?
7. Try entering a completely different symbol.
What does the neural network do?
Activity 2: Supervised Learning—How’s Your
Handwriting? (25 minutes)
Each student trains their model with their own
handwriting. They then experiment with their
handwriting on their neighbour’s system and
see that it performs more poorly at first, due
to differences in letter formation, then watch
it learn (see the character recognition image
on the following page).
1. Select New from the Network dropdown and
Supervised from the Learning dropdown.

ROOT & STEM
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4. Do you think the system would be more
effective in reading cursive or printed
handwriting? Do you think fonts impact the
ease of recognition?
5. Are there ways we might not want sthis
type of machine learning to be used?

Resources
2. Press Add to add a new character for the
neural network to learn. Repeat for all
the characters you would like the neural
network to learn.
3. Draw a letter, number or symbol with
the mouse.
4. Press Digitize to see how the software
makes sense of what has been drawn and
turns it into a series of squares.
5. Select the correct symbol and press Learn.
6. Repeat all chosen symbols three times,
then test your partner’s computer.
Activity 3: Unsupervised Learning—Break
the Code (25 minutes)
Teams of two face off. Which team can train
their AI and break the code the fastest? Each
team is given a secret five-letter word.
1. One person on each team of two sets the
program to unsupervised and submits
all their symbols again. This time, the
program will group them into types and
create numbered categories.
2. Continue to train the machine to label the
first letter of the secret word as “Type 1,”
the second as “Type 2,” and so on. Train
it as much as you want, but remember,
you’re being timed!
3. When you think the program has had sufficient training, it’s your partner’s turn to

decode your words. The team to decode all
their partner’s words first is the winner.
Optional language integration: Train the
learning program on other languages such as
Inuktitut or French!

Additional Resources
• Briana Brownell’s newly-released fiveminute animated TED-Ed video “What Is
Machine Learning?” explains the styles of
machine learning.
ted.com/talks/briana_brownell_how_
does_artificial_intelligence_learn
(Briana, Brownell. “How Does Artificial Intelligence Learn?.” TED, March 2021. YouTube video,

Conclusion

4:38 minutes)

Class Discussion (10 minutes)
There are many applications that need to
recognize characters—in fact, this ability was
one of the very first use cases of machine learning. For example, this is essentially the type of
algorithm Canada Post uses to scan and recognize addresses on envelopes. It’s also similar in
concept to what Google uses to identify copyrighted music, or the way self-driving cars are
trained to recognize stop signs. The current
systems are just much more sophisticated.
1. When Canada Post developed its system
to scan handwritten as well as typed
addresses on envelopes, what do you think
the challenges might have been?
2. In the Recog game, you drew each character in
a box. What advantages do you think the box
might give a character-recognition algorithm?
3. Can you think of ways a system like this
might be used to improve peoples’ lives or
make some tasks easier?

Social Media Resources
• Briana Brownell Twitter
@UncannyLearning

• • •
We at Pinnguaq want to see the awesome
things you’re creating! Take a photo or video
and share your work with us by emailing
media@pinnguaq.com or tagging
@pinnguaq on social media. Don’t forget to
include the hashtag #LearnWithPinnguaq!
CODING AND PROGRAMMING
TECHNOLOGY AND SOCIET Y
DESIGN

DATA

Notes:
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Module 4
Grade Level: 9 to 12
Subject: Computer Studies
Topic: Computer Fundamentals
Author: Briana Brownell and Jessa Gamble
Generative Adversarial Networks
(GANs): Artistic Creation with an AI
Collaborator

Introduction
A generative adversarial network (GAN) is a
pair of duelling systems playing a game. The
discriminative network has been trained to
recognize, or discriminate among, types of
data. The generative network creates novel
examples and tries to fool the discriminating
network into accepting them. Since their invention by a Google team in 2014, GANs have been
used for everything from hyper-realistic images
for computer games to high-energy physics simulations. This lesson provides online
resources that allow students to create music,
visual art or other creative output using GANs.

Learning Goals
• Create an audio-visual project using
artificial intelligence (AI)
• Morph an image into a style of artwork
using AI

Vocabulary
• Generative Adversarial Networks (GANs):
an approach to generative modelling using
deep learning methods, such as convolutional neural networks. Generative modelling is an unsupervised learning task in
machine learning that involves automatically discovering and learning the regularities or patterns in data in such a way that
the model can be used to generate or output
new examples that could have been plausibly drawn from the original dataset.

Guiding Questions
• Do you know any examples of AI being used
for creative projects?
FALL 2021

• Is there a place for AI in creating visual
artworks?

Curriculum Links
This module aligns with provincial and territorial Computer Studies curricula as it provides
opportunities for students to explore emerging areas of computer science research. In
addition, through the Visual Arts curriculum,
students have the opportunity to explore and
experiment with a variety of media and materials, as well as traditional and/or emerging
technologies, tools and techniques, and apply
them to produce artworks.

artworks that are in the public domain:
nga.gov/open-access-images.html
4. Examine the resulting image. Can you see
which parts of the style image were transferred to your base image?
5. Using the same base and style images, try
changing the style scale up or down and
repeat the process.
6. Repeat the process using different style
images.
Examples
Base:

Materials
• Device with internet connection (computer /
tablet / smartphone)
• Sign up for an account at
deepdreamgenerator.com

Computer Activity

Style:

Activity 1: Make an Audio-Visual Masterpiece
with an AI Collaborator
1. Select a song file or other audio file (an
mp3 of under 15 minutes in length).
2. Go to www.wzrd.ai. Name your project and
enter your song.
3. Select a visual theme.
4. Chose the images you want to appear or
have them chosen for you by clicking Skip
This Step.
5. Autofill images and rearrange them on the
timeline as desired.
6. Render video.
7. Watch!
Activity 2: Creating Using AI – Deep
Style Transfer
Students use their own photos to work in
Deep Style Transfer or Deep Dream
1. Sign up for an account at
deepdreamgenerator.com
2. Choose a base image. This image defines
the base structure of your art piece. Royalty-free images are available from several
websites, such as pexels.com or pixabay.
com, or you can use your own image.
3. Choose a style image. This image defines
the style of your art piece. You can use
a painting or drawing of your own or
48

Courtesy National Gallery of Art, Washington, DC

Final:
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Base:

Style:

Final:

Courtesy National Gallery of Art, Washington, DC

Activity 3: Deep Dream
1. Sign up for an account at
deepdreamgenerator.com
2. Choose an image to “dream.” Royalty-free
images are available from several websites,
such as pexels.com or pixabay.com,
artwork that is in the public domain can
be found at nga.gov/open-access-images.
html or you can use your own image.
3. Click Settings and choose a layer.
4. Examine the resulting image. Are you
surprised with the patterns that result?
5. Using the same base image, choose a
different layer and repeat the process.
Examples

Conclusion
Discussion Activity
What is different about this kind of art-making process as compared to painting or
drawing? What are its advantages and disadvantages?
In terms of art-making, do you believe AI is:
• a tool used by a human?
• a partner of a human?
• a muse to a human?
• a creator enabled by a human?

• • •
We at Pinnguaq want to see the awesome
things you’re creating! Take a photo or video
and share your work with us by emailing
media@pinnguaq.com or tagging
@pinnguaq on social media. Don’t forget to
include the hashtag #LearnWithPinnguaq!

Resources
Additional Resources
• Video about Harold Cohen’s Aaron
youtu.be/MwHQx9BrHQc
• Harold Cohen Biography (Tate Modern)
tate.org.uk/art/artists/harold-cohen-925
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Social Media Resources
• Xander Steenbrugge, Creator of WZRD
Twitter @xsteenbrugge
• Deep Dream Generator
Twitter @DeepDreamGen

49

CODING AND PROGRAMMING
TECHNOLOGY AND SOCIET Y
DESIGN

DATA

ROOT & STEM

Iqalliarkluk—ᐃᖃᓪᓕᐊᕐᓗᒃ, an Inuktitut typing game
created with Illitaqsiniq. Access it here:
↳ typing-game.pinnguaq.com

LET’S MAKE COOL THINGS
Pinnguaq has proudly partnered with organizations from coast to coast to coast on exciting learning projects,
like our newest collaboration, Iqalliarluk—ᐃᖃᓪᓕᐊᕐᓗᒃ, an Inuktitut typing game created with Ilitaqsiniq—the
Nunavut Literacy Council. Find this game, along with other great resources at ilitaqsiniq.ca.
If you want to collaborate with us on projects that improve digital skills and STEAM learning for residents of the
Yukon, Northwest Territories or Nunavut, we’re excited to work with you!

Let’s chat! Send us a message at steam@pinnguaq.com

Learning
Resources

LOOKING FOR MORE CONTENT?

pinnguaq.com

Pinnguaq’s online learning space encourages educators and students to create and
use digital technology to inspire and solve challenges in their community

If you would like to receive free print copies of Root & STEM, please
sign up at pinnguaq.com/root-stem-subscription

