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Abstract

The paper critiques the apparent inability of a colonial educa-
tion system to prepare Indigenous students to take on computer
science studies in post-secondary institutions, even in a ju-
risdiction where most Indigenous students attend government
schools for part or all of their education. Given that govern-
ment accreditation is a prerequisite for post-secondary studies,
there is a critical need to examine how computer science is
taught in secondary schools, if Indigenous populations are go-
ing to be able to contribute to the future development of digital
media.

This paper then explores a theoretical Indigenous approach
to programming education, aiming to integrate programming
practices with the reinforcement of cultural knowledge. By en-
couraging students to observe and explore animal behaviours
in their surroundings, this pedagogical process uses these ob-
servations as models for code modification, creating a learning
experience that parallels traditional Indigenous teaching meth-
ods.
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Introduction

Currently, Indigenous people are under-represented in com-
puter science and digital media programs. In computer sci-
ence programs in the United States Indigenous students ac-
count for less than 1% of degrees awarded, while in Canada
just over 2% of graduate and undergraduate students in all
STEM studies were Indigenous in 2021. [1] [2] If we look
at the jurisdiction of Ontario in Canada, it is possible to view
one contributing factor as the way computer programming is
taken up in secondary schools. While the province has re-
cently made changes to computer science (CS) curriculum to
prepare more students to work with code, there is no substan-
tial effort in the overhaul to include Indigenous epistemolo-
gies or build avenues to ensure Indigenous students feel pre-
pared to follow studies in CS and digital media (DM). This
is a disappointment when one considers most Indigenous stu-
dents in the province will attend provincial schools. [3] How-
ever, it is still possible to work with the curriculum as is, be-
cause in Ontario teachers have a wide range of latitude in how
they choose to build instructional plans and execute lessons
through professional judgment.
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By situating programming education within Indigenous
contexts and perspectives, this paper aims to provide a the-
oretical example of a culturally relevant approach to CS ed-
ucation for Indigenous students that can be applied to many
different cultural paradigms. The pedagogical approach sug-
gests using JavaScript models for coding and scripting, and
Reynold’s steering behaviours as a framework for exploring
and building code that is readily accessible to Indigenous and
other students. There have been some strong examples of In-
digenous DM and instructional programs built upon Indige-
nous storywork and game modification in Indigenous com-
munities. Despite this there has been little progress in deliv-
ering meaningful Indigenous coding programs in mainstream
schools and there is a gap in the research as to how this might
be carried out. Additionally, while there is a significant pres-
ence of Indigenous knowledge online related to DM, game,
and cultural creation, there is a notable lack of representation
in academic journals, particularly in the fields of computer
programming and Human-Computer Interaction (HCI). This
paper aims to address this gap by examining a theoretical ap-
proach to instruction using code modification as a method for
teaching programming to Indigenous students in secondary
school, specifically through the lens of locally positioned In-
digenous perspectives. It theorizes a model for Indigenous
programming by describing an approach to learning coding
in hopes of changing the disturbing trends in CS education
where Indigenous students do not study CS or DM in post-
secondary programs.

Locating Self

In relation to theory and research connected to Indigenous
people and their epistemologies, it is important for a writer
to locate themselves in relation to the community and work
they are doing. Absolon and Willet note that in order to
improve the quality and value of such research author self-
identification is a part of the critical process that acknowl-
edges there is a “crisis in representation where the objective
neutrality of writing is no longer considered real” in research
connected to Indigenous peoples. [4] For that reason, as
an Indigenous researcher and educator (Nishnaabe from On-
tario), I will point out that I am writing for myself, my fam-
ilies, my nation, and I create this work in collaboration with
all of my relations and the knowledge I have gained through
experience with them. As a community member, I have a re-



sponsibility to think about their best interests and to pursue
my work with them in mind. In the case of the theory I am
presenting here, it is important to note that I am an urban First
Nation person who was educated in the province of Ontario
under previous versions of the education system that offered
little in the way of Indigenous content or access to Indigenous
knowledge. It is also important to acknowledge that I myself
work for a faculty of education charged with training teach-
ers who will at some point teach First Nations, Métis and
Inuit students in Ontario. As such, my writing is informed by
these experiences and relationships, which guides my choices
not only in what I am currently discussing but also in how I
choose to propose this work move forward.

Background
Under-representation

As noted in the introduction there is a very low representa-
tion of Indigenous students in North American STEM and
CS programs at post-secondary institutions. Megan Bang,
Ananda Marin, Lori Faber, and Eli S. Suzukovich suggest
there is a need to develop environments and technologies
that are routinely based in culture so that students can be-
come more engaged with science and technology use in their
lives and find connection to their lived experience while in
secondary school. They have found in work with urban In-
digenous youth and local Indigenous community members in
Chicago that a key aspect to developing interest in science and
technology is exploring the concept of technology in both a
traditional historical sense and connecting it with newer tech-
nology. They show there is a place for applying Indigenous
points of view in designing technical solutions for problems
and in grounding the work in traditional and current Indige-
nous paradigms. Important to the discussion in this paper,
Bang et. al. note that urbanization and the current trend of
technological development supports globalization and assim-
ilation of Indigenous youth rather than their continuance as
Indigenous people. [5]

The computer science and digital media curriculum in On-
tario, Canada, can be criticized along the line that Bang et
al. have laid out. The curriculum was recently updated and
implemented in 2023 as a response to the provincial govern-
ment noting that STEM subjects are becoming more impor-
tant for economic health and development. This response
though does not include a need for STEM education that is
culturally supportive or acknowledge under-representation of
Indigenous people in STEM fields. [6] The stated purpose of
the course is to instruct students in programming, so they are
“contributing to and leading the global economic, scientific,
and societal innovations of tomorrow”. It also hopes that they
will move from being consumers to creators in the future but
it is vague on how to do this for any specific community. [7]
The curriculum makes specific mention of Indigenous peo-
ple in only one place where it looks at contributions to digital
media in a general sense. It does not provide examples of
what those might be and the extent of explicit inclusion is
directing students to look for these contributions as part of
one expectation. [8] There is no discussion in the document
about including cultural context, connecting to digital media
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creation through cultural lenses or application of skills rele-
vant to Indigenous community. At the same time, it does not
restrict this approach, which makes it possible to cover both
the content of the course and build up cultural strength should
a teacher be capable and have examples or ways of thinking
through this.

Assimilation and Survivance

Crawford-Holland and LeBlanc note that settler media has
worked hard to maintain the image of the true Native Amer-
ican as being un-technological and keep them in tokenistic
positions building an image and idea of the authentic Indige-
nous person as dying or already dead. Within these contexts
you can tell a real Indigenous person from a false one be-
cause they do not understand or use technology and do not
live in town. [9] To push back against this racist trope, it can
be argued the best way forward both for authentic represen-
tation and the building of useful tools for Indigenous people
is to develop them inside community. Therefore, it is impor-
tant that we look for different ways of instructing CS and DM
subjects at an age when students are being prepared for post-
secondary study and in a way that it can be connected to their
actual experience as Indigenous people.

This is complicated though because, as Aikenhead and
Elliott point out, for many Indigenous students’ entry into
school involves crossing a cultural border without instruc-
tions or assistance. [10] For that reason, it makes sense that
Indigenous students have access to diverse instructional ap-
proaches in all subjects. It would also be important for non-
Indigenous staff to understand they are teaching culture at
the same time they teach curricular content even though they
might not see it readily within the content. For culture to
be dealt with in a way that it does not stand in the way of
Indigenous students engaging with learning, teachers need
to be mindful of what they teach, how they teach it and the
holistic effect it has on students. Design and creation that is
unaware or deliberately ignorant of its effect on Indigenous
people does not maintain Indigenous Knowledge and stands
as a barrier to survival and well being.

Gerald Vizenor has shown how representation of the In-
digenous people widely in media limits their reality and dis-
rupts the continuance of the authentic people. He argues that
resistance and survival is more than just reversing roles or
“upsetting binaries”. [11] There is an active role to play
which is rooted in Nativeness, which involves thinking and
being that is sourced from the family, community, and rela-
tionship to land. He refers to this process of pushing back
as survivance which, ”is an active sense of presence over his-
torical absence, the dominance of cultural simulations, and
manifest manners. Native survivance is a continuance of sto-
ries”.[12]

Digital Self-determination

Vizenor’s idea of survivance is picked up by others to both
critique digital media products and to describe various digi-
tal media products made by or with Indigenous people. Nij-
dam argues that Indigenous digital media products like video
games stand as a form of survivance “while simultaneously
seeking to illuminate the Indigeneity of new media work in



terms that move beyond the biography of the producers and
the content of the narratives presented, identifying Indigene-
ity on the level of form as well”. [13] She holds that the aim
of these types of programs should be to embed Indigenous
knowledge systems and methodologies within the design and
mechanics of the games and that this could involve coding
cultural values and practices into game-play to create experi-
ences that reflect worldviews rather than assimilating Indige-
nous identity into Western paradigms.

In their exploration of the “digital divide in Canada” Win-
ter and Boudreau examine how Indigenous peoples might as-
sert their right to digital self-determination and innovate with
technology as opposed to merely consuming it. They empha-
size the importance of Indigenous voices in rethinking narra-
tives around the digital divide and looking at various initia-
tives in digital storytelling and virtual reality. They advocate
for shifting the discourse from a needs-based to a strength-
based approach and prioritizing support for community led
initiatives. [14] As part of their examination, they look at
programs like Dames Making Games and InSTEM to demon-
strate the potential for Indigenous youth to engage with tech-
nology creatively.

It is important for Indigenous people to have control over
their online presence to ensure accurate representation and
support for their communities. Dyson and Underwood note
there is a need for creating more web platforms that are de-
signed and built by Indigenous web designers to ensure these
platforms effectively represent the cultural values and needs
of Indigenous communities.[15] For this to happen though,
the educational systems that are intended to prepare Indige-
nous students for working with digital media need to be ex-
amined as they are proving to be ineffective in getting stu-
dents to pursue CS and DM studies.

Different Digital Education

Byrne suggests that video games created by Indigenous peo-
ple can hold sacred space that is free from physical harm
and opens the possibility of using game formats for shar-
ing fundamental cultural knowledge, ones that are protective
and respectful of traditions. She applies the ideas of sur-
vivance from Vizenor, to argue that video games can be a
safe space because they are closed to alteration (being read-
only) and can be copied perfectly for complete distribution
which maintains their wholeness of culturally connected dig-
ital media products. She argues games allow Indigenous cre-
ators to express their identity through interactive storytelling,
which can lead to healing and self-determination. [16] How-
ever, this is only possible if Indigenous people learn to create
games, which appears difficult under the current educational
process in dominant systems that intend for students to enter a
global CS industry [17]. A different approach is then required
for teaching coding, one that is both technically and cultur-
ally rigorous and connected to community. Dyson and Un-
derwood point out that computing literacy can be improved
by teaching students simple coding models and educational
games. [18] An example of a culturally relevant method is
the Skins game pedagogy developed by Lameman, Lewis and
Fragnito.

Skins 1.0 is an Indigenous designed curriculum created for
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First Nations youth to make video games that reflect their cul-
tural stories and experiences. Researchers Lameman, Lewis
and Fragnito have found through various iterations of the pro-
gram that it is successful in teaching design and programming
skills to youth, while encouraging them to be creators on top
of being consumers. A key goal in the Skins curriculum is
to teach both computational skills and strengthen Indigenous
identity. The process of creating a game in this curriculum is
facilitated through a game modding format, that allows stu-
dents to work in a familiar environment, and takes less time
to produce a product. The goals of the workshop are multiple,
including development of skills, life knowledge and pursuit
of higher education. [19] These goals should remain in any
Indigenous centered programming instruction.

However, as quick as game modding might be compared
to building a complete game environment from scratch, the
relative time involved in creating within the complex game
environment in the Skins 1.0 project demonstrates that main-
taining student engagement can be a challenge. [20] With that
noted, Byrne points out that games do not need to be compli-
cated in construction in order to engage with cultural ideas,
so if teaching the basics of programming is the goal, it can be
argued a simpler and stripped down model could allow stu-
dents to make quick changes to code and see the immediate
effects of their work as well as let a teacher go deeper into
programming mechanics and thinking over a longer period of
time. This will need more research at the classroom instruc-
tional level though to better understand student engagement
and if quicker processes are more engaging for all students.

The Framework

With all of this noted, the coding project suggested here
would use a small initial JavaScript environment that is read-
ily accessible in areas with both internet and minimal cod-
ing tools (Codepen.io for example is an easy access tool with
quick response times that can be used to teach code). It is also
suggested that the following pedagogical approach would be
used within high school CS courses to infuse cultural ap-
proaches in a natural way as opposed to a tokenistic approach
that is built on settler representations of Indigenous people.
Similar to the modding process used by Lameman, Lewis,
and Fragnito in their curriculum, students can start with a fa-
miliar environment that takes less time to produce a product
at a low cost. [21] The ubiquitous nature of JavaScript as
an interactive web-based programming tool and the speed of
producing a product through modification can support student
interest at an early stage of engagement.

In a test of infusing Indigenous knowledge into CS high
school instruction however, Davis et. al., have found that a
culturally informed process for teaching programming skills
in school does not immediately produce desirable results.
The study found challenges in maintaining student engage-
ment and integrating cultural aspects into the curriculum and
despite positive changes in student confidence and speed of
concept attainment, they have found connecting culture with
computer science concepts was limited. The course they ex-
amined was set up with cultural teaching first and comput-
ing second, separated from each other. The results show stu-
dents developed a negative perception of learning about cul-



ture and they felt computer science did not support cultural
understanding. Furthermore, students showed only a slight
improvement in programming confidence. The authors won-
der if the separation of cultural and historical aspects, that
were taught at the beginning of the course apart from com-
puter programming skills, played a role. Additionally, they
note ”Students were not allowed to set their own goals, over-
come their own challenges, or asked to plan out work. In-
stead, guided instruction, in which students performed tasks
with the teacher, was so specific that even minor errors in en-
tered values needed instructor intervention”. [22] This sug-
gests that student agency and a movement away from direct-
instruction methods might be needed. While some might ar-
gue this study shows that culture and computing should not
be mixed in academic locations, neither the authors nor I feel
this is the case.

If anything, the study points to a need to better integrate In-
digenous ways of thinking throughout instruction rather than
a separation of Indigenous content and computing content in
the way this course is constructed. For that reason, I am
suggesting here that culture and programming skills should
be tackled at the same time throughout instruction and that
students should have agency in exploring code to see how
it works while gradually developing their own versions of a
game environment. I also suggest that students be encour-
aged to use their knowledge of their local community, obser-
vation of their immediate environment and thinking through
local stories to both build understanding of computing pro-
cesses and to reinforce their knowledge of their own culture.
There is an opportunity for teaching Indigenous students how
to code when we make the workings of the game visible
and give them opportunities to solve problems through cod-
ing small game designs in ways that can be accessed in high
school computer science courses and build confidence in their
ability to think through problems.

Method

As Dyson and Underwood note, Indigenous people have less
access to the tools of computing and web design. There are
also issues of disparity among rural and reserve schools that
have less access to technology which, creates divide even be-
tween Indigenous students based on their proximity to urban
centres and technical resources. [23] Therefore, this method
looks at using JavaScript for the purposes of teaching through
Indigenous experience and thought. The programming lan-
guage can be accessed through web resources and code ref-
erences are readily available, which creates a learning envi-
ronment for anyone with access to the internet. That said,
one must be cognizant of bandwidth and technological re-
quirements for whatever tool is used and it must be tested
prior to using for instruction. In situations where the inter-
net is spotty, it is still possible to use JavaScript with modern
browsers like Chrome, Firefox, and Safari offline. Students
can also develop coding skills through downloadable virtual
coding environments.

It is suggested here that programming would start with a
model of Reynolds basic behaviours for autonomous agents
pre-loaded into the environment. In discussing flocking be-
haviour, Reynolds notes when combining three simpler be-
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haviours, separation, cohesion, and alignment, one might em-
ulate the behaviour of birds, fish, and herd animals as they
move in life situations. In this case programmed behaviour is
combined to create a single compound behaviour, one that is
recognizable as natural in the world. [24] This opens the pos-
sibility for students in a classroom to analyze the behaviour of
the animals based on personal experience, videos and through
traditional stories to begin to build up a list of potential steer-
ing behaviours. This would allow them to both build an un-
derstanding of how to emulate behaviour of an animal in an
autonomous agent and to build understanding of the beings
they live in direct relation to. By applying programming
through this lens, it becomes a valuable tool for understand-
ing local Indigenous perspectives, philosophy and encourages
observation of the world. It presents as a valuable approach
for teaching both programming and Indigenous thinking.

Reynolds points out that developing a realistic performance
is best achieved by first normalizing each component of com-
pound behaviour and then fine-tuning the weight of each fac-
tor to create believable sum-behaviour. This process of start-
ing with normalized behaviours as created in code offers a
natural teaching and learning opportunity for students to ob-
serve code using snippets or available libraries to learn the
initial process of working with and altering a program. This
would be the initial development model for programming that
involves starting with a prebuilt JavaScript instance with ba-
sic steering behaviours already available that can be turned
on and off through comment processes. This would create
a natural laboratory setting that would allow students to ex-
periment with working code and make connections to worlds
they already know, that is animal behaviours and game envi-
ronments. Going through a process of gradually mixing and
adjusting the code students would learn through an iterative
design process to familiarize themselves with the language
plus build coding and design habits.

To facilitate this starting from scratch process, the initial
code environment would need to be well labeled. Code snip-
pets would need to be initially referred to in connection to
the behaviours they emulate or the purpose they serve from a
gamer’s point of view as well. An initial starting environment
could be created in a shared drive on depository which would
allow students to access teacher created environments, share
work between each other and the instructor, and receive feed-
back. To support student engagement, the initial framework
must be workable as early learning and first encounter sce-
narios. At the same time, it needs to be completely alterable
and allow for connecting with libraries and student tinkering
if it is going to support students following their own desires
and setting personal goals. This is key to maintaining student
interest, which both Lameman et al. and Davis et al. have
highlighted.

After students have become familiar with how to alter code
and access JavaScript libraries for support, they would then
have the basic skills required to represent stories and envi-
ronments tied to their culture. As Nijdam notes, Indigenous
storytelling traditions are pedagogical tools that foster crit-
ical thinking and community engagement. [25] Lameman
et al. make extensive use of traditional stories as well in
their curriculum and find that students were able to engage



with them as frameworks for programming their games. [26]
Therefore, this approach of working with and through stories
can support game design when they are integrated into the
core game-play mechanics, which supports players learning
and applying story lessons through their interaction with the
game. [27]

An example code and example course of study are provided
for the following discussion. The JavaScript file demonstrates
an initial starting file that functions immediately with exten-
sive notation for students. The included course shows where
this file might be used over an 18 week course and how it
would connect to the Ontario curriculum for the grade 11 In-
troduction to Computer Science. The files can be accessed
and downloaded from GitHub here.

Discussion

Reynolds notes that gradually more complex and life like be-
haviours can be developed by creating different responses
for characters based on situations and environments. Char-
acters might switch between behaviours based on changes
in environments the actions of other autonomous characters
or player actions. By gradual modification of code settings
and the environment of the initial game through changing and
adding snippets of code students would develop understand-
ing about the modularity aspects of programming. It would
also allow for students to switch back and forth between the
virtual world they are creating and discussions about how an-
imals behave in the real world giving them moments to ap-
ply decomposition skills. This can move to discussion about
traditional stories which presents students a moment to rein-
force their cultural knowledge and again apply computational
thinking to better understand how one might encode a story
into a game. As suggested in the work of Nijdam and Lame-
man et al, the introduction of stories would come through
work with community elders and knowledge keepers. [28]
(29]

The behaviours that Reynolds describes are considered ba-
sic and have been in use for over 20 years. They are funda-
mental, one might argue traditional, when it comes to learn-
ing programming for autonomous agents. What is proposed
in this paper is a way of approaching the learning of these fun-
damental programming skills through a fundamental and tra-
ditional Indigenous cultural practice of observing the world
and connecting with stories. The process, which can be gen-
eralizable across many cultures and locations, calls on stu-
dents to model their game on the familiar world around them
and initially model animals they know.

The building up of a game environment from a very initial
programming state would support a more authentic approach
to an Indigenous created game. It would be working with the
observable world and traditional stories in community and be
free from the tokenistic representations of Indigenous people
that Vizenor criticizes. It would allow Indigenous learners to
apply their lived knowledge of the world to both reconstruct
reality and the stories their community hold as important and
allow them to explore the world through their own agency by
selecting what animals to represent and how to interpret their
behaviours.
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Reynolds notes it is possible to plug in different locomo-
tion methods independent of the steering behaviour which
would allow for a continued process of creating a more natu-
ral representation over time to the game environment and an-
other layer of computer design for students to explore. [30]
The overall layering process of learning programming cou-
pled with an initially working program would be engaging
for students at the outset and if carried on over time, a teacher
can teach students to build new environments and processes
using initial code snippets from the first program.

The process stated here would support the learning of com-
puter programming concepts as there are clear moments for
computational thinking development without sacrificing In-
digenous thinking in the process. In fact, one would hope the
process would build relations between game elements and the
simulation with Indigenous concepts of relationality.

The end goals of the process here, and noted in the sam-
ple course, are to build interest in programming, teach cod-
ing skills, teach how coding libraries work, develop cultural
knowledge and understanding, connect digital technology to
Indigenous communities, and move Indigenous students from
consumer to creator. Approaching computer learning this
way is important as there is a need for Indigenous people to
create solutions for themselves, and be creators of code rather
than another market for consumers of colonial programming
operations. [31] [32]

Conclusion

The Skins 1.0 curriculum developed by Lameman et. al.
shows it is possible to work respectfully with traditional sto-
ries and be creative in their application in a game environ-
ment when working with students who are learning coding.
This demonstrates there are possibilities for students to work
with Indigenous knowledge in digital creation projects that
are more hands on and less didactic. The method described
in this paper would similarly accomplish this through play-
ing with code and support Indigenous students to understand
how digital media creation works at the programming level.
At the same time, it would not ask them to abandon their cul-
tural ways of thinking which is important. Though not all
Indigenous students need to become coders they all need to
remain Indigenous for their societies to survive.

I have suggested that students can build characters based
on actual animal behaviour as a teaching tool for both learn-
ing programming and learning about how the animals behave.
This method can create an environment where students can
program through a process of critical computational thinking
about the world they live in and begin to reflect it in a game
they design.

This paper has described a possible pedagogical process
for doing this through gradually emulating creature behaviour
on screen by:

Using Reynolds steering behaviours to emulate realistic
animal behaviours

Applying knowledge of animal behaviour to evaluate code
results

Building representations of traditional story through coded
environments



Indigenous peoples are sovereign people, separate from the
settler governments who occupy their lands, as such they
need to vision diverse futures built from their methods. They
have always been makers, thinkers, builders, and engineers.
They can continue to be engineers using their own core ways
of thinking while selectively choosing from the engineering
traditions of others to create solutions to meet their needs.
However, this will only be possible if they are able to learn
from different ways of thinking while maintaining and build-
ing upon their own knowledge systems.
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