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ABSTRACT 
In this study, a rapid grey and academic literature scoping review was 
conducted to investigate how Indigenous Knowledges, perspectives, 
values and cultures are being incorporated into engineering education 
in several colonialized countries.  The findings were used to make 
recommendations on advancing the Biosystems Engineering 
curriculum at the University of Manitoba to educate future engineers 
who have the cultural capacity to work ethically, respectfully, and 
reciprocally in engineering practice and partnership with Indigenous 
Peoples and communities.  The study was spurred in part by the Truth 
and Reconciliation Commission of Canada’s 94 Calls to Action. In 
collaboration with Indigenous Peoples, calls for integrating 
Indigenous knowledge and teaching methods into classrooms and 
building student capacity for intercultural understanding, empathy, 
and mutual respect.  Sources for this review were gathered from 
Canada, the United States, Australia, and New Zealand, countries that 
share a similar history of European colonization and are developing 
methods for curricular change.  The findings demonstrated that 
incorporation of Indigenous Knowledges perspectives in engineering 
education can be organized into five main themes: 1.  capacity 
building for engineering educators, 2.  consultation and collaboration 
with Indigenous Peoples and communities, 3. coalescing dominant, 
Indigenous and engineering perspectives, 4.  preparing students for 
professional practice with Indigenous Peoples, and 5.  developing a 
new curriculum.  By incorporating these recommendations, 
engineering educators will help create an educational environment 
where Indigenous Peoples and their ways of knowing, being and doing 
have space alongside Western and engineering worldviews.  This will 
prepare engineering students for culturally sensitive and ethically 
sound professional practice and support the students who will see 
themselves reflected in Biosystems Engineering. 
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MOTS CLÉS 
génie des biosystèmes, connaissances autochtones, décolonisation 
de l’enseignement du génie, appels à l’action de la CVR, examen 
rapide de l’étendue des connaissances 

RÉSUMÉ 
Dans cette étude, une revue rapide de la littérature grise et didactique a été 
menée afin d’examiner comment les connaissances, les perspectives, les 
valeurs et les cultures autochtones sont incorporées dans l’enseignement 
du génie dans plusieurs pays colonisés. Les résultats ont été utilisés pour 
formuler des recommandations sur la façon de faire progresser le 
programme d’études en génie des biosystèmes à l’Université du Manitoba 
afin de former de futurs ingénieurs qui ont la capacité culturelle de 
travailler dans la pratique du génie de façon éthique, respectueuse et 
réciproque, et en partenariat avec les peuples et les communautés 
autochtones. Cette étude a été motivée en partie par les 94 appels à l’action 
de la Commission de vérité et réconciliation du Canada qui, en 
collaboration avec les peuples autochtones, préconise l’intégration des 
connaissances et des méthodes d’enseignement autochtones dans les salles 
de classe ainsi que le renforcement des capacités étudiantes en matière de 
compréhension interculturelle, d’empathie et de respect mutuel. Les 
sources de cette revue ont été recueillies au Canada, aux États-Unis, en 
Australie et en Nouvelle-Zélande, des pays qui partagent une histoire 
similaire de colonisation européenne et qui élaborent des méthodes pour 
modifier les programmes scolaires. Les résultats ont démontré que 
l’incorporation des connaissances et des perspectives autochtones dans la 
formation en ingénierie peut être organisée en cinq thèmes principaux : 1. 
le renforcement des capacités des formateurs en ingénierie, 2. la 
consultation et la collaboration avec les peuples et les communautés 
autochtones, 3. l’unification des perspectives dominantes, autochtones et 
d’ingénierie, 4. la préparation des étudiants à la pratique professionnelle 
avec les peuples autochtones, et 5. l’élaboration d’un nouveau programme 
d’études. En intégrant ces recommandations, les formateurs en génie 
contribueront à créer un environnement éducatif où les peuples 
autochtones et leurs façons de connaître, d’être et de faire auront leur place 
aux côtés des visions du monde occidental et du génie. Cela préparera les 
étudiants en génie à une pratique professionnelle culturellement et 
éthiquement respectueuse, et favorisera la rétention des étudiants 
autochtones qui se reconnaîtront dans le génie des biosystèmes. 
 



9.2	 LE	GÉNIE	DES	BIOSYSTÈMES	AU	CANADA	 			Ruta	et	al	

INTRODUCTION 
Residential schools were established in Canada to erase 
Indigenous Peoples, Knowledges, languages, and cultures, 
one of the long reaching arms of cololong-reachingridge 
(2010).  The attempt to eradicate Indigenous Peoples and 
their ways of knowing, doing and being created the 
perception that Indigenous Knowledges are inferior and 
opposed to Western science (Battiste 2002).  In 2008, the 
Truth and Reconciliation Commission (TRC) of Canada 
was struck to document the experience of Residential 
School survivors, inform Canadians about the lasting 
impact of Residential Schools, and encourage 
understanding, truth and work towards reconciliation 
between Indigenous Peoples and Canada.  The TRC 
released 94 Calls to Action in 2015 detailing the steps 
necessary for governmental, legal, media, churches, 
business, and educational systems to achieve reconciliation.  
As a result, Canadian universities are working in 
collaboration with Indigenous Peoples to address the Calls 
to Action by making space for Indigenous Peoples, 
Knowledges, perspectives, and values in post-secondary 
education.  This movement, and the importance of 
Indigenous Knowledges and perspectives, are beginning to 
be seen and understood in engineering education (Seniuk 
Cicek et al. 2020; Friesen and Herrmann 2018).  
 In Western engineering and science, students are often 
taught to evaluate and solve problems through a purely 
technical and objective lens (Mejia and Paula 2019; 
Reconciling Ways of Knowing Forum 2020).  The current 
model of teaching engineering generally progresses linearly 
from technical and theoretical information to an applied 
project in the final year; however, this model may not be the 
most effective way to prepare students for the ever-
changing and complex environment of professional practice 
(Foster and Jordan 2014).  Real-world problems are never 
constrained by only technical factors and include social, 
political, and non-technical aspects (Baillie 2011).  There is 
an increasing number of “wicked” problems globally 
(Foster and Jordan 2014). There is the opportunity to 
advance engineering education to equip students to address 
these problems in their professional practice effectively, 
which are essential within the engineering community 
(Leigh et al. 2014; Bang and Medin 2010; Rhamdhani et al. 
2009), as diverse perspectives are more likely to produce 
multiple creative, and thereby, sustainable solutions 
(Murray et al. 2019).  Indigenous Peoples present us with 
the opportunity to learn and employ a more holistic and 
contextual approach to solving problems (Mejia and Paula 
2019; Reconciling Ways of Knowing Forum 2020).  
Indigenous Peoples have been practicing engineering for a 
millennium and developed technologies that we still use 
today (Herrmann 2019).  Positioning engineering students 
to learn about and from Indigenous Peoples and local 
Indigenous communities will produce a new generation of 
well-rounded, culturally competent professionals better 
equipped to work with Indigenous Peoples and tackle 
today’s wicked problems.  

Integrating Indigenous knowledges and perspectives into 
engineering education will also contribute to the 
recruitment and retainment of Indigenous students in 
engineering programs.  Barriers such as lack of 
representation of Indigenous worldviews in the engineering 
curriculum and a lack of Indigenous engineering role 
models have been identified in preventing Indigenous 
students from beginning and completing engineering 
programs (Foster and Jordan 2014; Leydens et al. 2017; 
Colston et al. 2019; Goldfinch and Kennedy 2013; 
Wiseman and Herrmann 2018).  In Manitoba, for example, 
18% of the population identifies as Indigenous (Statistics 
Canada 2017).  However, only 8.5% of the student 
population at the University of Manitoba and 6% of students 
in the Price Faculty of Engineering identify as Indigenous 
(University of Manitoba 2020; Friesen and Herrmann 
2018).  The Engineering Access Program, ENGAP, plays 
an important role in increasing the number of Indigenous 
engineers in Manitoba, retaining and graduating 140 
Indigenous students over the past 35 years (University of 
Manitoba 2020), but more must be done.  Understanding 
how specific Indigenous Peoples and communities relate to 
and practice engineering is also a way to help develop 
curricula that will support recruiting and retaining 
Indigenous students.  
POSITIONALITIES, MOTIVATION & OBJECTIVES 
The authors are three white woman settlers, including a 
recent engineering graduate, an assistant professor, a 
science and technology librarian, one black woman who is 
a post-doctoral fellow and originally from Ghana, and one 
Métis professional engineer.  They are all living and 
working on the traditional lands of the Anishinaabeg, Cree, 
Oji-Cree, Dakota, and Dene Peoples and Homeland of the 
Métis Nation in Winnipeg Manitoba, Canada.  This research 
began when the first author was completing her final 
semester as an engineering student in the Biosystems 
Engineering department in the Price Faculty of Engineering 
at the University of Manitoba. 
 The Biosystems Engineering program encompasses a 
wide range of courses designed to educate students to 
practice engineering within biological systems.  Previously 
accredited as an Agricultural Engineering program, it has 
expanded to include biomedical, environmental, and 
bioresource specializations (University of Manitoba 2020).  
Biosystems Engineering students complete the same first-
year preliminary courses as Mechanical, Electrical, Civil, 
and Computer engineering students before moving on to 
their specialized courses in the Biosystems Engineering 
program in the second year.  The program comprises 45 
courses: 35 core courses and 10 electives divided into four 
categories (i.e., two science electives, three Biosystems 
Engineering design electives, three complementary studies 
electives, and two free electives).  Presently, there is no 
mandatory Indigenous content in the Biosystems 
Engineering program.  
 The first author’s exposure to Indigenous culture and 
communities was voluntarily gained outside of the 
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Biosystems Engineering curriculum through work 
experience and co-op positions.  The first author worked for 
a Science, Technology, Engineering, and Math (STEM) 
outreach program that delivers hands-on education to 
underrepresented youth throughout her engineering 
education.  She was educated about Indigenous history, 
ceremonies, teaching methods, and scientific Knowledges 
before delivering camp programming in First Nations 
communities across the province.  She was immersed in 
new cultures and gained an appreciation for Indigenous 
science and engineering Knowledges and principles.  She 
realized that education about and from Indigenous 
perspectives was missing from her engineering education.  
This research addresses that void. 
 We argue that Biosystems Engineering is uniquely 
suited to introduce Indigenous Knowledges and 
perspectives into the curriculum.  Biosystems Engineering 
students learn to solve complex problems with high regard 
for sustainability and the health of all organisms within the 
environment in which they are working.  The emphasis of 
engineering with respect for biological systems could be 
reflective of the values of respect for holistic, relational 
approaches shared by many Indigenous cultures.  This 
biological focus offers a unique opportunity to bridge 
Western, engineering, and Indigenous Knowledges and 
perspectives. 
 The objectives of this study are twofold: (i) to conduct 
a rapid grey and academic literature scoping review to 
investigate how Indigenous Knowledges, perspectives, 
values and cultures are being incorporated into engineering 
education in colonialized countries; and (ii) to make 
recommendations on how to advance the Biosystems 
Engineering curriculum at the University of Manitoba 
specifically, and engineering programs generally, to recruit 
and retain more Indigenous students and educate future 
engineers who have the cultural capacity to work ethically, 
respectfully, and reciprocally in engineering practice and in 
partnership with Indigenous Peoples and communities. 
METHODOLOGY 
A rapid grey and academic literature scoping review was 
designed to investigate how Indigenous Knowledges, 
perspectives, values, and cultures are being incorporated 

into engineering education in Euro-colonialized countries.  
This methodology was used as in Canada, incorporating 
Indigenous ways of knowing, being and doing into 
engineering education is generally an emerging movement 
with initiatives not widely known (Seniuk Cicek et al. 
2020).  A scoping review helps to determine the “breadth 
and describe characteristics of literature in complex and 
understudied research areas” rather than “answer[ing] 
focused questions from quality assessed studies” (Chandna 
et al. 2019 p. 23).  These initiatives are often found to be 
disseminated outside of traditional academic publications.  
A grey literature review works to obtain “information 
produced outside of traditional publishing and distribution 
channels” (Chandna et al. 2019 p. 41).  The methodology is 
further classified as a rapid scoping review because only 
one author reviews the literature within a short period 
(Ganann et al. 2010).   
Method 
An unsystematic literature review was conducted from 
February to March 2020.  The review was then updated 
using systematic searches by the first author in January 
2021.  A rapid scoping review of grey and academic 
literature as designed by Arksey and O’Malley (2005) and 
adapted by Levac et al. (2010) (as informed by Chandna et 
al. 2019) was conducted.  Scopus, ProQuest Dissertations 
and Theses, Web of Science Core Collection, ERIC, and 
Engineering Village (Compendex) were searched with the 
key terms in the title, abstract, and keywords.  Searches 
were limited to publication years from 2000 to current.  
Search strategies were adjusted for individual databases, 
and relevant subject headings were included when 
available.  Keywords were truncated to allow for singular 
and plural forms and alternative endings (see Table 1 for the 
list of key terms). 
 In addition, between January 18th and 23rd 2021, the 
conference proceedings of the American Society for 
Engineering Education (ASEE) and the Canadian 
Engineering Education Association (CEEA-ACEG) were 
searched using the term Indigenous Knowledge. The 
Australian Association for Engineering Education (AAEE) 
conference proceedings were searched using the terms 
Indigenous Knowledge, Indigenous, and Aboriginal. 

Table 1. Key terms used in search strategies of bibliographical data bases. 
Field Education Perspective People   
engineer* content* cultur* aborig* maori*  

course* knowledge* American Indian metis  
curricula perspective* amerind* Native Alaskan  
curriculum value* eskimo* Native American  
educat* worldview* First Americans Native Canadian  
program* 

 
First Australians Native Peoples    
First Canadians Torres Strait Islander    
First Nations tribal    
indig* tribe    
inuit* tribes 
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Google Scholar was searched using the following strategies: 
“Indigenous Knowledge” and “engineering curriculum”, 
"engineering curriculum" AND (indigenous OR aboriginal 
OR "american indian"), and allintitle: engineering AND 
(indigenous OR aboriginal OR "american indian").  
 The first 50 results from each of the three searches were 
included. Additional literature was gathered from an 
Indigenous Knowledges Research project sponsored by the 
NSERC Design Chair in Engineering in the Price Faculty of 
Engineering at the University of Manitoba and from the 
second author’s research work. All the results were 
screened by the first author on the literature review 
software, Rayyan. The inclusion criteria are as follows:  
• published after 2000;  
• describes the education of post-secondary engineering 

students or educators in Canada, the United States, 
Australia, or New Zealand as they share a similar history 
of Indigenous populations colonized by European 
settlers; and  

• discusses Indigenous knowledge or perspectives in 
relation to said education.  

See Fig. 1 for graphical description of review methodology. 
 Forty-three pieces of grey and academic literature met 
the criteria for this study and were analyzed for this rapid 
scoping review. Most records originated from Australia 
(43%), followed by Canada (36%), the United States (19%) 
and New Zealand (2%). Grey literature made up most of the 
records reviewed including conference proceedings, theses 
and dissertations, reports, news articles, educational guides, 
and an online dialogue. The academic literature included 
journal articles. 

 From these 43 texts, five themes of incorporating 
Indigenous Knowledges and perspectives into engineering 
education emerged: 1. capacity building for engineering 
educators; 2. consultation and collaboration with 
Indigenous Peoples and communities; 3. coalescing 
dominant, Indigenous and engineering perspectives; 4. 
preparing students for professional practice with 
Indigenous Peoples; and 5. developing a new curriculum. 
Of the 43 pieces of literature reviewed, 34 discussed 
tangible Indigenous initiatives. There was no formal 
evidence reported on the success of the various initiatives, 
but rather descriptions of future work intended to determine 
their impact. In some cases, there was preliminary feedback 
from participants that suggested positive outcomes such as 
a greater understanding of intercultural themes and multiple 
perspectives (e.g., Sprowles et al. 2019; Steele et al. 2020), 
an understanding of how cultural differences influence 
design (e.g., Benning et al. 2015), and the development of 
trusting relationship with an Indigenous community (e.g., 
Seniuk Cicek et al. 2019b).  
 A list of this literature is found in Table 2, organized by 
the five themes that emerged from the findings (note: some 
of the literature is representative of more than one theme). 
Initiatives are classified as advanced (A), implemented (I), 
or proposed (P). Advanced is characterized as multiple 
occurrences of the initiative. For example, A Beginners 
Guide to Incorporating Aboriginal Perspectives in 
Engineering Curricula (Kennedy et al. 2016) is classified 
as advanced because recent initiatives in Australia (e.g., 
Goldfinch et al. 2016b; Kutay and Leigh 2017a; Prpic and 
Bell 2018) were developed using this guide. Initiatives 
characterized as implemented have been implemented at 
least once and include literature that describes plans to 
continue that initiative. Proposed initiatives had not been 
implemented at the time they were described in the 
literature. 
 Only the first two themes, 1. capacity building for 
engineering educators and 2. consultation and 
collaboration with Indigenous Peoples and communities are 
represented by all four countries scoped in this review. 
Australia is the only country with Indigenous initiatives in 
all five themes. Canada is represented in all but the theme, 
3. coalescing dominant, Indigenous and engineering 
perspectives. The literature is discussed by themes in the 
following sections. For consistency in this paper, the 
authors will use the term “Indigenous” to refer to the First 
Peoples, Métis and Inuit people on Turtle Island in Canada, 
and to the original peoples of Australia, New Zealand and 
the United States, as it is the accepted terminology in 
Canada presently. 
Capacity building for engineering educators 
Non-Indigenous engineering educators who will be 
teaching a new Indigenized curriculum need to take the 
initiative to educate themselves about Indigenous cultures, 
social structures, and legal and political systems before 
consulting with Indigenous communities. Interviews with 
non-Indigenous engineering educators in Australia Fig. 1. Process of gathering records for the review. 
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highlighted the cognitive, affective, and conative 
components of the educators' attitudes towards Indigenous 
culture and perspectives and their experiences with 
Indigenous Peoples (Goldfinch et al. 2017). They found that 
participants with more experience with Indigenous Peoples 
and communities had less defined assumptions of 
Indigenous perspectives in engineering and understood the 
need for more education of non-Indigenous educators, 
while those with less personal experience expressed 
misguided beliefs. A workshop at the Australian 
Conference for Engineering Education entitled Shifting 
Perspectives-Changing Direction: Integrating Aboriginal 
Engineering into Modern Engineering Curricula (Leigh et 
al. 2015) was presented to engineering educators to help 
them introduce Indigenous perspectives into their 
curriculum. Goldfinch et al. (2016a) later interviewed 10 of 
the participants, all of whom were non-Indigenous, and 

learned that they experienced a sense of distance from 
Indigenous People and culture, were not enthusiastic about 
progressing further than adding Indigenous content, and 
were unclear about the value that Indigenous perspectives 
would bring to their curricula even though they expressed 
interest in pursuing this initiative. These findings 
demonstrate that the attitudes and assumptions of non-
Indigenous educators must be understood to provide them 
with the education and experience necessary to deliver a 
curriculum with Indigenous Knowledges and perspectives.  
In Canada, examples of faculty education include a series 
of workshops at the University of Manitoba that were 
designed to facilitate an understanding of the relationship 
between Indigenous culture and engineering (Seniuk Cicek 
et al. 2019c), and a four-part facilitated dialogue series 
hosted by the University of British Columbia for students 
and faculty that began with presentations by Indigenous 

Table 2. Indigenous initiatives in the literature (n=34) organized by theme and stage: advanced (A), implemented (I), 
or proposed (P). 

Theme Country Citation Stage 
1. Capacity building for engineering 

educators 
AUS Goldfinch et al. 2016b P 

Kennedy et al. 2016 A  
Leigh et al. 2014 I 
Kutay and Leigh 2017b I 

CAN Seniuk Cicek at el. 2019c I 
UBC 2020 I 
Harrison et al. 2018 I 
Reconciling Ways of Knowing Forum 2020 I 

NZ Hughes et al. 2018 I 
USA Lord et al. 2019 I 

2. Consultation and collaboration with 
Indigenous Peoples and 
communities 

AUS Kennedy et al. 2016 A  
Goldfinch and Kennedy 2013 I 
Prpic and Bell 2018 I 

CAN  Mante et al. 2019 I 
Seniuk Cicek at el. 2019b I 

NZ O’Sullivan and Cochrane 2009 A  
USA Mehta et al. 2007 I 

Benning et al. 2015 I 
Sprowles et al. 2019 I 

3. Coalescing dominant, Indigenous 
and engineering perspectives 

AUS Kennedy et al. 2016 A  
Kutay and Leigh 2017a P 
Leigh et al. 2014 P 

USA Foster and Jordan 2014 P 

4. Preparing students for professional 
practice with Indigenous Peoples 

AUS Baille 2011 P 
Katz 2020 P 

CAN Johnson 2016 P 
Johnson 2020 P 

USA Momo et al. 2020 I 

5. Developing a new curriculum AUS Leigh et al. 2014 P 
CAN Friesen and Herrmann 2018 I 

Fitz Gerald 2015 I 
Frey et al. 2018 I 
Latimer 2020 I 
Eikenar 2018 P 
Steele et al. 2020 I 
Seniuk Cicek at el. 2019a I 

USA Grommes et al. 2004 I 
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Peoples to examine Truth and the Role of Engineers in 
Decolonization (University of British Columbia 2020). In 
British Columbia, Indigenous scholars collaborated to 
develop a guide to help administrators and education 
leaders Indigenize postsecondary institutions, with a focus 
on supporting Indigenous students and valuing Indigenous 
world views and ways of knowing (Harrison et al. 2018). 
This guide includes references to relevant engineering 
education resources such as, Indigenization in the time of 
pipelines, a presentation from the 2016–2017 Weweni 
Indigenous Scholars Speaker Series, University of 
Winnipeg (Vowel 2017).   
 The outcomes of a project report in Australia by 
Goldfinch et al. (2016b) included a model for engineering 
curricula that accommodates various perspectives, an 
elective course that relates Indigenous perspectives to local 
engineering projects, and a model for engineering faculty to 
engage with Indigenous communities. Another outcome of 
the project was the guide designed for engineering 
educators mentioned previously, A Beginners Guide to 
Incorporating Aboriginal Perspectives into Engineering 
Curricula by Kennedy et al. (2016), which discusses five 
ways to incorporate Indigenous perspectives into the 
curricula. Kennedy et al. (2016) recommend: 1. start with a 
new philosophy, by focusing on the differences and assets 
in knowledge systems as opposed to focusing on deficits, 
such as social and health indicators, between the dominant 
and Indigenous cultures; 2. explore engineering from three 
perspectives: dominant, Indigenous, and engineering; 3. 
consider an Aboriginal worldview by recognizing 
Australian Indigenous philosophies such as country, 
kinship, culture, journey, and connectedness; 4. engage 
with Aboriginal People and their communities; and 5. tailor 
the learning environment to include Indigenous content, 
teach using Indigenous methods, and facilitate experiences 
between non-Indigenous students and Indigenous 
community partners.  
 There are also online dialogues, courses and conference 
workshops that have been offered to learn more about 
incorporating Indigenous perspectives into curricula, such 
as Reconciling Ways of Knowing Forum (2020), Master 
Class - Indigenous engineering, a pathway to 
reconciliation/Intercultural competence? (Leigh et al. 
2014); He Awa Whiria: Weaving Indigenous and Western 
Perspectives and Creating Inclusion in Australian 
Engineering Education (Hughes et al. 2018); Validating 
Storytelling for Indigenous Knowledge Teaching (Kutay 
and Leigh 2017b); and Special Session: Starting a Dialogue 
on Decolonization in Engineering Education (Lord et al. 
2019). 
Consultation and collaboration with Indigenous Peoples 
and communities 
To Indigenize an institution, program, or curriculum, 
administrators and educators must primarily consult and 
collaborate with local Indigenous community members. 
However, Goldfinch et al. (2017) reported that educators 
are unsure of how to initiate these crucial relationships. A 

Beginners Guide to Incorporating Aboriginal Perspectives 
into Engineering Curricula from the University of 
Wollongong, Australia teaches about the five “rights” of 
engaging with Indigenous communities: 1. Right people; 2. 
Right place; 3. Right language; 4. Right time; and 5. Right 
way (Kennedy et al. 2016). Goldfinch and Kennedy (2013) 
described the four "don'ts" of engaging with Indigenous 
communities as: 1. Consultation for the wrong reasons; 2. 
Creating unsustainable initiatives; 3. A deficit view of 
Indigenous culture; and 4. Pan Indigenizing. The five 
“rights” and four “don’ts” aim to help educators build 
meaningful relationships with local Indigenous 
communities and ensure educators do not repeat past 
mistakes, which have led to distrustful relationships.  
 In the literature concerning consultation, authors 
reiterated the warning against “pan-Indigenizing”, defined 
as grouping all Indigenous cultures and communities 
together as one (Goldfinch and Kennedy 2013). They 
emphasized that communication and relationships with 
each Indigenous community will differ, centred in place. 
Therefore, no approach for bringing Indigenous 
Knowledges and perspectives should be the same for any 
program because programs are in different places. Different 
locations indicate distinctive communities, and each will 
have their own languages, cultures, social structures, legal 
and political systems, and communication practices 
(Goldfinch and Kennedy 2013). The changes needed to 
Indigenize curriculum will be and should be unique to each 
program, dependent on the consultation with the Indigenous 
Peoples and their communities that are located in that place.  
This view that educators must collaborate with local 
Indigenous Peoples to develop an engineering curriculum 
that is representative of their community is prevalent 
throughout the literature, and several studies have reported 
on these collaborative initiatives (e.g., Mante et al. 2019; 
Goldfinch and Kennedy 2013). Mante et al. (2019) designed 
a study to assess the impact on students' learning after a 
lecture about consultation with Indigenous communities 
during infrastructure development from the perspective of a 
local Elder. This work is presently underway, but 
preliminary findings demonstrated the profound impact the 
Elder’s visit had on the students who agreed to participate 
in the study (Thomsen et al. 2021; Kilada et al. 2021).  
 Another focus of collaborative initiatives describes 
including Indigenous communities as stakeholders in 
design or capstone projects. For example, the College of 
Engineers at Rowan University in the USA has incorporated 
an Engineers Without Borders project into their curriculum 
and has previously worked with the Cheyenne River Indian 
Reservation community to construct a fish hatchery (Mehta 
et al. 2007). At the University of Wollongong (UOW) in 
Australia students complete a community-based design 
challenge in a first-year course entitled Engineering Design 
and Innovation to be implemented in the Sandon Point 
Aboriginal Tent Embassy (SPATE), which must align with 
SPATE cultural values and the City of Wollongong 
regulations (Goldfinch and Kennedy 2013). Goldfinch and 
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Kennedy (2013) described instilling SPATE community 
values into UOW curricula, and students practicing 
consultation with Indigenous Peoples as potential benefits 
of this project.  
 Another Australian university, the University of 
Melbourne, offers an on-country learning experience with 
the Gunditjmara community where students develop 
proposals for projects on the Budj Bim National Heritage 
Landscape (Prpic and Bell 2018). The University of 
Manitoba in Canada offered an elective design-build course 
in partnership with Shoal Lake 40 First Nation (Seniuk 
Cicek et al. 2019b). Students worked alongside community 
members to design and build a shelter for feasting (Seniuk 
Cicek et al. 2019b). Similarly, students and faculty from the 
South Dakota School of Mines and the Oglala Lakota 
College in the USA collaborated with the Pine Ridge Indian 
Reservation to design a sustainable food production system 
for their senior capstone course (Benning et al. 2015). They 
created a trusting relationship with the stakeholders and 
learned the important lesson that differences between 
mainstream American and Lakota worldviews can 
significantly impact a design (Benning et al. 2015).  
 Humbolt State University in the USA offers four Place 
Based Learning Communities specific to different STEM 
disciplines (including Environmental Resource 
Engineering) for first year students, which include courses 
and high impact practices focused on Native American 
culture, ways of knowing, and issues facing the local 
Indigenous communities (Sprowles et al. 2019). An 
outcome of the four-term compulsory research project for 
Natural Resource Engineering students at the University of 
Canterbury in New Zealand is engaging with Indigenous 
Peoples and cultures and relating engineering projects to 
principles in the Treaty of Waitangi (O’Sullivan and 
Cochrane 2009). Students were exposed to Indigenous 
culture and learned about Indigenous Knowledges and 
perspectives from their community partners. These courses 
provide a unique experience for students and the 
opportunity to gain skills and knowledges they would not 
gain in a typical classroom setting.  
Coalescing dominant, Indigenous and engineering 
perspectives 
An individual's definition of engineering influences the way 
it is taught and learned (Foster and Jordan 2014). Therefore, 
to successfully incorporate Indigenous Knowledges and 
perspectives into the curriculum, students and educators 
must be open to considering new perspectives. Instead of 
replacing one’s way of knowing and learning STEM with a 
Western perspective, Bang and Medin (2010) demonstrated 
the efficacy of Indigenous youth utilizing their own ways of 
knowing to fully harness their learning potential. With the 
help of their educators, engineering students – both 
Indigenous and non-Indigenous - could also benefit from 
learning STEM from Indigenous knowledge systems 
(Reconciling Ways of Knowing Forum 2020).  
 A framework proposed by researchers in Australia is 
“exploring engineering from three perspectives” (Kennedy 

et al. 2016), which encourages seeing engineering at the 
intersection of the dominant/Western perspective, the 
engineering perspective, and Indigenous perspectives 
(Kennedy et al. 2016; Kutay and Leigh 2017a; Leigh et al. 
2014; Foster and Jordan 2014). As students’ progress in 
their engineering education, they were reported to develop 
a new set of ideologies exclusive to engineering (Baillie 
2011). Kennedy et al. (2016 p.13) described engineers as 
“problem solvers utilising scientific principles and the 
engineering method to develop technical solutions for 
particular purposes”. This definition is shared by 
Indigenous Peoples and non-Indigenous people, and yet 
engineering is taught through the dominant/Western/ 
Eurocentric perspective. To incorporate Indigenous 
Knowledges into the curriculum, educators and students 
must learn from Indigenous Peoples for a true 
representation of Indigenous engineering. Foster and Jordan 
(2014) compared the Diné and engineering philosophy of 
learning by answering questions like “What types of 
problems are of concern?”, “What is the method used to 
solve problems?”, and “How are decisions made?” from 
each perspective. The comparison demonstrated how the 
Diné learning philosophy has the potential to complement 
the Western engineering philosophy through practices like 
considering sociocultural relationships when making 
decisions.  
 Kennedy et al. (2016) suggested their students examine 
real-world examples by considering the possible outcomes 
of a project from the three perspectives – Indigenous, 
Western/dominant, and engineering. It was important for 
Kennedy et al. (2016) to separate the three perspectives to 
validate Indigenous engineering achievements that may not 
be familiar to those with dominant engineering 
perspectives. Leigh et al. (2014) advised acknowledging 
multiple pathways to a solution and highlighting that 
Indigenous engineering solutions are as complex as 
Western engineering solutions, and each should be valued 
equally. They emphasized that Indigenous values, such as 
respect for the land and all beings in nature can inform 
Western-led engineering projects to proceed with more 
consideration for sustainability (Leigh et al. 2014). Kutay 
and Leigh (2017a) also advised educators to emphasize the 
similarities and differences between Indigenous 
engineering practices and Western engineering practices to 
expand students' cultural awareness.  
Preparing students for professional practice with 
Indigenous Peoples 
Evidence from Australia demonstrated that engineering 
educators and engineering curricula have not adequately 
prepared engineering graduates to work in professional 
practice in terms of social, cultural, political Indigenous 
awareness. Engineering students in their final year at the 
University of Wollongong researched the practices 
engineering companies used to address Indigenous culture 
and heritage in their project planning relating to 10 local 
projects as part of the course ENGG456 Engineering 
Project (Goldfinch et al. 2014). They found that the best 
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results were due to outsourcing community engagements, 
suggesting the need for more Indigenous awareness 
education for engineering students. Hollis and Goldfinch 
(2017) also surveyed Australian engineering graduates in 
their first years of the industry to assess their experience, 
training, and formal education of Indigenous Cultural 
Heritage. They found that some students took additional 
courses to learn about Indigenous Cultural Heritage, but it 
was not a requirement, therefore most graduates lacked the 
training and confidence to collaborate with Indigenous 
community stakeholders once in the industry (Hollis and 
Goldfinch 2017).  
 At Queen’s University in Canada, Johnson (2016) 
determined through surveys that although mining 
engineering students were eager to address the negative 
perceptions of mining by respecting the environment and 
communities in which they worked, they lacked 
understanding and appreciation for cultural views other than 
their own. Johnson (2016) proposed three concepts, 1. 
Awareness and Acknowledgement of Different Forms of 
Knowledge; 2. Recognition that Value Systems are a 
Function of Culture; and 3. Respect for Varied Perceptions 
of Social Wellbeing and Quality of Life be introduced into 
the curriculum to better prepare mining students for 
professional practice in Indigenous communities. Johnson 
(2020) also provided a theoretical framework for shifting 
engineering culture towards valuing intercultural 
competence. In Australia, Katz (2020) agreed that 
engineering students in the extractive fields should be better 
prepared to collaborate with Indigenous Peoples, as 
Indigenous Peoples and communities are often stakeholders 
in extractive industry projects. To address the lack of social 
awareness education in the engineering curriculum, Baillie 
(2011) consulted a multidisciplinary team of academics to 
develop case studies for a proposed curriculum in which 
students will examine the intersection of engineering and 
Indigenous studies, history, law, anthropology, Asian 
studies, education, and philosophy. Momo et al. (2020) 
from the USA suggested incorporating Culturally 
Relevant/Responsive Pedagogy, Culturally Sustainable 
Pedagogy, and Indigenous Pedagogy into existing courses 
(statics, thermodynamics, and electrical circuits) and adding 
new courses such as User Centered Design, and 
Engineering for Social Justice to change the culture of 
engineering education and enhance the skill set of future 
engineers in professional practice.  
Developing a new curriculum 
There have been multiple methods used to incorporate 
Indigenous Knowledges and perspectives in curricula 
reported in the literature. A study by Seniuk Cicek et al. 
(2020) had engineering educators from 24 Canadian 
accredited engineering programs and four Engineering 
organizations self-report on how they have started or are 
involved in Indigenous initiatives work in varying ways. Of 
these, 17 institutions demonstrated engagement in 
curricular development. At the University of Manitoba in 
Canada, the Price Faculty of Engineering proposed to 

restructure three core courses that focus on engineering 
design and professional practice (Design in Engineering (a 
first-year course), Engineering Economics, and 
Technology, Society and the Future) to include content 
related to local Indigenous design principles, perspectives, 
history, and community structure and processes (Friesen 
and Herrmann 2018). These courses were chosen because 
they highlight the ways in which engineers often interact 
with other professionals and utilize shared concepts to 
benefit society. Suggested content includes analyzing 
Indigenous designs, discussing the contrast between 
Western and Indigenous concepts, and using case studies to 
learn about Indigenous society and governance. In two of 
these courses, Indigenous Elders, Knowledge Keepers, and 
academics are invited to speak with students about 
Indigenous cultures, ways of knowing, being and doing, and 
the impact of engineering on Indigenous communities and 
ways of life (Thomsen et al. 2021; Kilada et al. 2021).  
 Analysis of Indigenous engineering design concepts 
and technologies is also taught in first year design at the 
University of Saskatchewan in Canada (Fitz-Gerald 2015). 
The University of Saskatchewan redesigned their entire first 
year engineering curriculum to develop a more diverse skill 
set in their graduates, which includes creating an 
appreciation for Indigenous perspectives in engineering 
(Frey et al. 2018). Australian researchers have redeveloped 
the Engineering Design and Innovation course at the 
University of Wollongong to examine the relationship 
between the three perspectives – Indigenous, dominant, and 
engineering – in relation to the artefact space, which is 
defined as the intersection of these perspectives (Leigh et 
al. 2014). Similarly, a professor at Concordia University in 
Canada worked with Donna Kahérakwas Goodleaf, a 
citizen of the Kanien’kehá:ka nation, Director, 
Decolonizing Curriculum and Pedagogy in the Office of the 
Provost and Vice-President, Academic Affairs at Concordia 
University to change the curriculum in Impact of 
Technology on Society by discussing design justice and 
including readings from Indigenous authors whose 
communities were affected by engineering projects 
(Latimer 2020). At the University of British Columbia-
Okanagan School of Engineering, Eikenaar (2018) 
proposed the development of course based modules focused 
on case studies as a delivery method for Indigenous content 
into the engineering curriculum.  
 A similar method is used at Carleton University. Eight 
modular Indigenous learning bundles on a range of topics 
such as Indigenous Environmental Relations, Engaging 
with Indigenous Communities, and Indigenous Law and 
Conceptions of Human Rights are available to help 
educators introduce Indigenous content and perspectives 
from Indigenous Knowledge Keepers into their existing 
courses (Steele et al. 2020). A first-year engineering course 
used the bundle First Peoples: A Brief Overview to build a 
foundation of Indigenous awareness and a third-year 
electrical engineering course used Indigenous 
Environmental Relations. Seniuk Cicek et al. (2019a), 
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guided by Anishinaabe/Metis/Dakota Indigenous initiatives 
educator, Leah Fontaine, reinterpreted the 12 CEAB 
(Canadian Engineering Accreditation Board) graduate 
attributes (i.e., the engineering competencies required of all 
engineering students graduating from CEAB accredited 
institutions in Canada) and the pillars of engineering 
sustainability with the Anishinaabe Sacred Hoop as the 
framework. Findings showed that “the Spirit aspect needs 
attention in engineering education in order to develop “the 
whole engineer”, and through this work “conditions for 
transformation” (Lange, 2018, p. 295, as quoted in Seniuk 
Cicek et al. 2019a, p. 8) to balance Western and Indigenous 
perspectives were revealed (Seniuk Cicek et al., 2019a, p. 
8). 
 Other literature discussed educating engineering 
students about social and sustainability issues that are 
reflective of Indigenous Peoples' holistic perspectives and 
their connection to the land. The American Indian Housing 
Initiative course at Penn State University in the USA 
consists of three parts in which students learn about 
American Indian culture and sustainable building 
technologies. They also collaborated with tribal members in 
Montana to design and build a structure and reflect on their 
experience to improve the course (Grommes et al. 2004). 
Riley et al. (2006) reported that students in this course were 
more open to learning and valuing different perspectives 
and better understood the complexity of sustainable design.   
DISCUSSION 
Making space for Indigenous Peoples, Knowledges, 
perspectives, values and cultures in engineering education 
is an emerging initiative in Canada, the United States, 
Australia, and New Zealand as reflected in the literature 
found in this rapid scoping review. Grey literature, 
especially conference proceedings, represented over half of 
the findings. As conference proceedings often discuss 
works in progress and were located at a higher frequency 
than journal articles, it is not surprising that many initiatives 
are characterized as emerging. Another indication that 
Indigenizing engineering curricula is emerging but 
progressing is the amount of proposed (26%) and 
implemented (68%) initiatives verse advanced initiatives 
(6%). Grey or academic literature demonstrating the impact 
of Indigenous initiatives in engineering education were 
largely absent from the review.  
 Initiatives also seem to be at different states of 
progression geographically. Most of the literature found in 
this review (43%) originated in Australia, compared to 
Canada (36%), the United States (19%) and New Zealand 
(2%), which could indicate further progression towards 
reconciliation with Indigenous Peoples in engineering 
education in Australia. This is also reflected in that 
Reconciliation Australia, the national body on 
reconciliation in Australia, was established in 2001 
compared to similar organizations in Canada such as the 
TRC and Reconciliation Canada, which were established in 
2008 and 2012, respectively. Further emphasis has been 
placed on educational institutions to include Indigenous 

Peoples and their ways of knowing, being and doing in 
curriculum in Canada since the release of the TRC’s Calls 
to Action in 2015. Seniuk Cicek et al. (2020) demonstrated 
that there is work being done to address these Calls to 
Action in engineering institutions across Canada through 
curricula, faculty education, and making space for 
Indigenous Peoples and community members in 
engineering education, but there is much more to do.  
 Implemented initiatives were concentrated in three of 
the five themes that emerged in the literature: 1. capacity 
building for engineering educators, 2. consultation and 
collaboration with Indigenous Peoples and communities, 
and 5. developing a new curriculum. These initiatives 
provide education about or from Indigenous Knowledges 
and perspectives through one or more courses or 
workshops. These courses/workshops have created 
momentum toward Indigenizing engineering education, but 
more can be done to address the entire curriculum, including 
more efforts in the themes: 3. coalescing dominant, 
Indigenous and engineering perspectives; and 4. preparing 
students for professional practice with Indigenous Peoples. 
Gaudry and Lorenz (2018) describe three categories of 
Indigenous initiatives, Inclusion, Reconciliation 
Indigenization, and Decolonial Indigenization, which range 
from including more Indigenous students and faculty in 
postsecondary spaces at one end of the continuum, to 
creating fundamental changes to current university 
structures at the other end. This review demonstrated that 
many engineering institutions are progressing along the 
spectrum, but a broader uptake of Indigenization initiatives 
among engineering faculty and educators is needed to 
pursue the goal of Decolonial Indigenization.  
 Figure 2 demonstrates how the five themes found in 
this review can be used to build an enhanced engineering 
education curriculum that makes and keeps space for 
Indigenous Peoples. The numbers 1 – 5 in Fig. 2 correspond 
to the five themes that emerged in this grey and academic 
rapid scoping review and offer a way to assess and prioritize 
efforts in making space for Indigenous Peoples and their 
ways of being, knowing and doing in engineering education 
curricula. However, the conceptualization is meant to be 
viewed as a dynamic, ‘living’ curriculum that continually 
evolves as persistent efforts are put into each aspect in the 
system. As such, the numbers are not meant as static check 
boxes and must be continually attended to. 
 In Fig. 2, capacity building for engineering educators 
(1) is a primary step because it informs the work with the 
other themes and continually evolves as educators gain new 
knowledge and experiences. As engineering educators learn 
about their colonial history and Indigenous resilience, and 
about local Indigenous cultures, social, legal and political 
systems through research, workshops, courses, or other 
methods (i.e., learning is an ongoing, living process), they 
should begin to consult and collaborate with Indigenous 
Peoples and communities (2). Collaboration could result in 
the development of engineering student projects in 
partnership with Indigenous Peoples and communities, 
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which will enable students to consult and collaborate with 
Indigenous Peoples (2). These collaborative relationships 
will inform new course content incorporating the three 
perspectives – Western/dominant, Indigenous and 
engineering as offered by Kennedy et al. (2016) – and 
represented by Venn diagram in the centre of the new 
curriculum (3). These opportunities and explicit, location-
specific curricula delivered by engineering educators will 
prepare students in good ways for professional practice with 
Indigenous Peoples and communities (4). The result is a 
new ‘living’ curriculum with ethical space for Indigenous 
Peoples, Knowledges, perspectives, values, and cultures 
(5). Within this new curriculum there are three stakeholders: 
Indigenous Peoples and communities, engineering 
education faculty, and engineering students. Each 
stakeholder is encouraged to examine their perspectives and 
consider the perspectives of the other stakeholders as they 
build capacity and relationships, consult and collaborate, 
and prepare for and conduct professional practice. 
 Based on this conceptualization, we offer 10 Calls to 
Action specifically for the Department of Biosystems 
Engineering and the Price Faculty of Engineering at the 
University of Manitoba, and generally for engineering 
educators in Canada and other colonized countries. These 
Calls to Action are in the spirit of Wong et al.’s (2020) 10 
Calls to Action for Natural Scientists Working in Canada. 
They are informed and organized by the five emergent 
themes from this rapid scoping literature review. They are 
rooted in the authors’ experiences in the Department of 
Biosystems Engineering and the Price Faculty of 

Engineering at the University of Manitoba but can and 
should inform engineering educators in other programs and 
institutions more broadly. 
Ten calls to action for engineering educators 
1. Offer workshops and professional development 
opportunities to engage engineering educators in the 
work of decolonizing and Indigenizing engineering 
education.  
Seniuk Cicek et al. (2019a) worked with an Indigenous 
educator, Leah Fontaine and the Centre for the 
Advancement of Teaching and Learning to design a series 
of engineering-specific workshops/events for faculty. The 
aim was to cultivate faculty members’ understanding of 
engineering from Indigenous Knowledges and perspectives, 
and to explore how Indigenous ways of knowing, being and 
doing can be incorporated into the engineering curriculum 
in relevant, genuine, and good ways. It is recommended that 
workshops/events such as these be developed for and 
offered to engineering stakeholders on an ongoing basis to 
build engineering educators’ capacity to decolonize and 
Indigenize engineering education. Other opportunities to 
build capacity include events such as Lunch and Learns and 
department and faculty retreats. 
2. Incentivize Capacity Building. 
There are many activities supporting Indigenous ways of 
knowing, being and doing offered widely across 
postsecondary institutions (Seniuk Cicek et al. 2020). 
Examples include Indigenous speakers and events, courses, 
and workshops, among others. Faculty and staff should be 

Fig. 2. Conceptual diagram for developing a new curriculum that includes Indigenous Peoples, Knowledges and 
perspectives in engineering education. 
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incentivized to participate in such capacity building to 
demonstrate the importance and value of this work (i.e., 
there should be administrative commitment reflected in 
measures of reward that acknowledge “cost and utility 
value” (Matusovich et al. 2014)). 
3. Invite Indigenous Elders, Knowledge Keepers, 

experts, and stakeholders into engineering courses.  
Consult and invite Indigenous Elders, Knowledge Keepers 
and experts into core and specialty engineering courses to 
share their Knowledges and perspectives, examples of 
Indigenous ingenuity and technology, and their experiences 
with Western engineering approaches. Examples for 
Biosystems Engineering at the University of Manitoba 
include Solid Mechanics, Fluid Mechanics, Mechanical 
Properties of Biomaterials, as well as courses within the 
Biosystems Engineering Biomedical, Environmental and 
Bioresource specializations.  
4. Include community engagement courses/projects in 

engineering curricula.  
The Price Faculty of Engineering and the Faculty of 
Architecture at the University of Manitoba currently offer a 
cross-faculty design-build course in collaboration with 
Shoal Lake 40 First Nation community (Seniuk Cicek et al. 
2019b). It is recommended that all Biosystems Engineering 
students participate in this course or a similarly developed 
engagement projects with local Indigenous communities.  
5. Introduce students to design projects in 

collaboration with Indigenous Peoples and 
communities at the preliminary and mid program 
years. 

Biosystems Engineering undergraduate students typically 
register for the capstone course in their final year. In 
capstone, students work in teams with external clients to 
design solutions to their clients’ challenges. This may be the 

first-time students work with professionals to develop a 
working prototype for a real problem. Students gain 
experience with professionalism, communication, and 
constraints such as funding, policy, and strict deadlines. It 
would be beneficial to introduce this experience earlier in 
students’ engineering education, so they have more practice 
using these essential skills. Smaller scale projects should be 
introduced in the preliminary design courses Biosystems 
Engineering Design 1 and Biosystems Engineering Design 
2 to facilitate the development of these skills. These 
preliminary and mid-year projects should be/include 
Indigenous projects. This will introduce engineering 
students to Indigenous clients, stakeholders, and 
community members so that engineering students can begin 
to work with and learn from Indigenous Peoples. 
6. Broaden the scope of capstone projects, focusing on 
interdisciplinary teams and collaborations with 
Indigenous clients, stakeholders, and communities. 
Many of the clients that Biosystems Engineering students 
work with in the capstone course are engineers. To broaden 
the scope of projects offered and increase students’ 
exposure to diverse perspectives, an interdisciplinary 
approach should be considered. Engineers often work with 
other professionals to develop solutions, and in Manitoba 
engineering graduates will likely work with Indigenous 
communities (Mante et al. 2019). This could be reflected in 
the capstone course if Biosystems Engineering students 
worked with university students outside the Price Faculty of 
Engineering and with Indigenous clients. For example, 
Biosystems Engineering students could collaborate with 
senior Kinesiology and Recreation Management, Native 
Studies, or Asper School of Business students on a project 
with Indigenous communities and stakeholders. This would 
encourage students to reflect on their engineering 

Theme 2. Consultation and collaboration with Indigenous 
Peoples and communities. 

Theme 1. Capacity building for engineering educators. 
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perspectives and enable them to understand engineering 
projects from different points of view, enhancing their 
understanding of the dominant/Western, Indigenous and 
engineering perspectives (Kennedy et al. 2016).  
7.  Develop a course to prepare students for professional 
practice with local Indigenous Peoples and communities. 
Develop a course to prepare students for professional 
practice that provides a contextualized and in depth 
understanding of the Act, By-laws, and Code of Ethics 
(ABCs) for engineering professional practice in Manitoba, 
and essential knowledge about working with Indigenous 
Peoples and communities in Manitoba (or specific locale). 
The course should include knowledges about the Treaties in 
Manitoba (or locale) and Canada; best practices for 
consultation with Indigenous communities for engineering 
projects; principles for cultural competency and humility 
(Chavez 2012); an understanding of ethics from Indigenous 
perspectives; and political, cultural, historical, social, 
economic, and emotional competency training for 
developing relationships and collaborations with 
Indigenous Peoples and communities. This course could 
also be made available to engineers who are newcomers in 
the province. 
8. Designate engineering technology and society course 
as mandatory so all students receive education on 
Indigenous Knowledges and perspectives in relation to 
engineering. 
Currently, Ecology, Technology and Society, an 
Anthropology course at the University of Manitoba is 
accepted as an equivalent course for the engineering core 
course Technology, Society, and the Future. The 
Anthropology course presents an overview of the 
sociopolitical circumstances and effects of technology on a 

broad range of societies but does not offer opportunities to 
learn about local Indigenous Knowledges or perspectives in 
the specific context of engineering. To ensure all 
Biosystems Engineering students are informed about the 
impact of engineering on local Indigenous Peoples and 
communities, Technology, Society, and the Future should 
be mandatory for all undergraduate Biosystems 
Engineering students as it includes Indigenous content 
specific to engineering and Manitoba (Mante et al. 2019; 
Thomsen et al. 2021; Kilada et al. 2021). 
9. Support the redevelopment of core engineering 
courses with Indigenous Knowledges and perspectives. 
Friesen and Herrmann (2018) describe ways in which three 
core engineering courses offered in the Price Faculty of 
Engineering at the University of Manitoba can be 
redeveloped to include Indigenous Knowledges and 
perspectives and ensure students are aware of Indigenous 
engineering. This redevelopment should be actively 
encouraged and monitored by the Department of 
Biosystems Engineering to ensure students are receiving 
this education, as well as to align and not repeat curricular 
efforts in the program (e.g., inviting the same Indigenous 
guest speaker to speak on the same topic in multiple 
courses). These courses can also be used as models to 
redevelop core Department of Biosystems Engineering 
courses such as Impact of Engineering on the Environment 
and Plant and Animal Physiology for Engineers to include 
Indigenous Knowledges and perspectives.  
10. Create new learning outcomes for engineering 
curricula. 
New curricular learning outcomes should be created to 
ensure that the education of Biosystems Engineering 
students include Indigenous Knowledges, perspectives, 

Theme 3. Coalescing dominant, Indigenous, and 
engineering perspectives. 

Theme 4. Preparing students for professional practice with 
Indigenous Peoples. 
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values and cultures, and that this education is conducted in 
a decolonized context. These outcomes should be integrated 
into the CEAB graduate attributes as learning outcomes or 
learning indicators to ensure accountability in the 
department. 
CONCLUSION 
It is vital that all engineering students learn about 
Indigenous worldviews, consider Indigenous Knowledges, 
perspectives, values and cultures, and have collaborative 
experiences and build relationships with Indigenous 
Peoples and local Indigenous communities. Biosystems 
Engineering is uniquely suited to bridge Western, 
engineering, and Indigenous Knowledges and perspectives 
in the curriculum. Engineering that respects biological 
systems could be reflective of holistic, relational 
approaches shared by many Indigenous cultures. This 
would diversify Biosystems Engineering students’ 
understanding of the biological world, and strengthen their 
ability to solve complex problems with respect for the 
sustainability and health of all living systems.  
 This rapid grey and academic literature scoping review 
demonstrates that there is work being done to bring 
Indigenous Peoples and communities, and their 
Knowledges, perspectives, values and cultures into 
engineering education in Canada, the USA, Australia, and 
New Zealand, but there is much work to be done. While 
there is not one way for decolonizing and Indigenizing 
engineering curricula, best practices can be shared. The 10 
Calls to Action for Engineering Educators organized by the 
five themes that emerged from the literature should be 
adopted by Biosystems Engineering as well as other 
engineering programs. To bring forth enhanced and 
location-specific curricula, it is essential to build 
relationships and incorporate Indigenous ways of knowing, 
being and doing into engineering education in collaboration 

with local Indigenous community members. Non-
Indigenous educators who deliver these new curricula must 
be educated to do so. Emphasizing technical education is 
fundamental in the engineering curriculum, but so too is 
social, political, historical and cultural education. 
Collaborating with Indigenous Peoples and communities 
will help in recruiting and retaining Indigenous and diverse 
engineering students and will critically and ethically 
advance engineering education in Manitoba, in Canada, and 
around the world.  
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