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Abstract

Entrepreneurial activities have been driving forces of economies worldwide, bringing innovation
and change to societies and pulling countries out of recessions. Increasingly, technology-driven
innovation and entrepreneurship have become the key competitive advantages for a region or
nation. There has been a push for universities to produce more entrepreneurs that can handle the
challenges of today’s world, and many engineering programs have begun to incorporate
entrepreneurial education. Additionally, there has been an increased emphasis on systems
thinking as an important capability for engineers as they seek to address complex challenges.
This paper describes a scan of program offerings at Canadian post-secondary schools that
address the topics of Entrepreneurship and Innovation and looks for evidence of Systems
Thinking Teaching within the courses and curriculum.

Keywords

Systems thinking, Engineering Education, Canadian Education, Landscape Review,
Entrepreneurship, Entrepreneurship Education.

Background

There is little doubt on the benefits of entrepreneurship in an economy’s development.
Entrepreneurial activities leading to small and medium-sized enterprises (SMEs) have been
consistently shown to create more jobs, wealth, and innovation in a region. In developed
economies, SMEs make up a large portion of the businesses, responsible for 60-70% of
employment and up to 50% of gross domestic product (GDP) [1], illustrating the value of
entrepreneurship in job creation. The government of Canada recognizes the importance of
entrepreneurship in the development of its economy, with small and medium-sized enterprises
(SMEs) accounting for 98% of businesses and employing 8 out of 10 private-sector workers [2].

New products are often first brought out by entrepreneurs. These products could also include
various services, technologies and specific advancements in a sector or industry [3]. Research
has shown a positive association between entrepreneurial activities and levels of innovation [4].
A challenge is finding methods that could lead to fostering fast and scalable entrepreneurship and
foster the culture of risk taking, experimentation and competitiveness amongst businesses.
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Governments around the world increasingly invest in entrepreneurship as they have realized its
importance for economic growth, job creation and competitiveness [1]. Countries that actively
promote entrepreneurship have higher rates of business creation and innovation [5]. Government
mechanisms to support entrepreneurship take shape in the form of policies, access to funding, tax
incentives, regulatory initiatives and education programs. The emphasis on education has been
increasingly apparent for entrepreneurship and various tools and techniques are being used to
promote entrepreneurship and complex problem solving in education [6]. Canada is investing
heavily in entrepreneurship and is looking for tools to increase the entrepreneurial outcomes of
educational institutions [7]. The Canadian government has invested $14 million in funding to
support the creation of jobs and growing of the economy in Greater Toronto Area (GTA) alone.
This includes funding programs distributed to existing corporations and programs that support
recent graduates in their entrepreneurship journey.

Systems Thinking (ST) could be a beneficial tool for helping scale entrepreneurship, specifically
in the engineering context. ST has been demonstrated to enhance innovation, while design
processes have been used to inspire ST in engineering curricula [8]. ST has been also used by
small and medium business managers to help navigate the complexities of the business
environment which is not only due to multi-stakeholder involvement but also caused by the
challenges from accelerating economic, technological, social, and environmental change [35].

To elucidate the connection of ST, entrepreneurship and engineering education, we explore the
Systems Thinking and Entrepreneurship literature, and highlight the potential crossovers of these
fields. We also review the ways in which Systems Thinking is being delivered in Canadian post-
secondary education system, within and beyond engineering.

Canadian Education

The Canadian post-secondary education system is one of the most advanced education systems
amongst modern countries. Canada has 26 universities in the top 800, with five in the top 100,
according to the 2021 QS World University Rankings [9]. This is a testament to the country's
commitment to providing a world-class education to its students.

Diversity is one of the Canadian education systems’ most prominent factors. The country is
home to a wide range of universities, including large research-intensive institutions, small liberal
arts colleges, and specialized schools. This diversity allows students to choose the type of
institution that best suits their needs and interests. Additionally, Canada’s post-secondary system
is known for its focus on hands-on learning and real-world experience. Many institutions offer
co-op programs and internships, which give students an opportunity to gain practical skills and
experience while still in school [10]. There are also around 150 university accelerator and
incubators in Canada that support entrepreneurship in various fields of work and levels
education, illustrating the diversity at all levels of education and practice [11]. University-based
accelerators are university-based hubs where future startups can train for their future success and
challenges, get funding and mentorship support [17].
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Canadian education is increasingly committed to an interdisciplinary and collaborative approach
in learning, to prepare students for the tackling real-world problems. This effort is more
prominent in some fields such as health than others [12]. Many institutions are offering programs
that bridge different disciplines, such as business and engineering or science and policy, to equip
students with the skills and knowledge they need to tackle complex and multifaceted problems.
Additionally, Canada has launched many initiatives to better prepare students for the latest
advances in their fields and future careers by focusing on research and innovation.

Systems Thinking

Systems Thinking was developed from the General Systems Theory of Bertalanffy and has been
applied to a wide range of fields and disciplines including health care, management and business,
plant manufacturing and sustainability [13]. Systems Thinking is utilized for its ability to address
complex problems, explore non-linear relationships, and tackle socio-technical and economic
challenges [14]. It has a range of applications and is not limited to a specific discipline.

As summarized by Monat and Gannon, “Systems Thinking is a perspective, a language, and a set
of tools” [15]. Systems Thinking (ST) incorporates a holistic view of a problem and focuses on
the relationships between components of a problem, helping recognize repeated events or
patterns, behaviors, and mental models [15]. ST emphasizes the interconnectedness of different
elements within a system, and how changes in one part of the system can affect the entire
system.

ST has been used in education through its application to various fields such as science,
mathematics, social studies, and even language arts. An example of the application of ST in
environmental sciences is helping learners understand the feedback loops of carbon emissions
and their effects on the entire environmental ecosystem [16].

ST methodologies can help learners understand the complexity of some of the real-world
problems they interact with and look beyond the linear approaches in solving them. It also helps
learners through development of the skills and knowledge required to tackle wicked problems,
pushing learners towards critical thinking, problem-solving, and decision-making skills, which
are important for success in any field [15].

Some of the Systems Thinking tools include actor maps, systemigrams, system archetypes, main
chain infrastructures, causal loops with feedback and delays; stock and flow diagrams; behavior-
over-time graphs, computer modeling of system dynamics, Interpretive Structural Modeling
(ISM), and systemic root cause analysis [15].

Entrepreneurship and Systems Thinking

Entrepreneurship is the process of building a business to fill in a gap in the market [18].
Entrepreneurship in the context of Systems Thinking refers to the process of creating and
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managing a new venture while considering the interconnectedness of different elements within
the system, and how changes in one part of the system can affect the entire system. ST also looks
at a business as a complex and dynamic system which is affected by number of factors including
internal operations and external environments [19].

Researchers argue the benefits of ST in Entrepreneurship using different lenses. First, using ST,
entrepreneurs can identify and understand the complex challenges and opportunities that come
with starting a new venture and develop more innovative and resilient business models. By
examining the various components of a business system, including its environment, inputs,
processes, and outputs, entrepreneurs can gain a better understanding of how each component
impacts the overall performance of their venture [20]. This can lead to more effective problem
identification and resolution. For example, Systems Thinking can be used to identify the root
cause of a problem rather than just addressing the symptoms, leading to more sustainable
solutions [19].

The application of Systems Thinking and Business Model Innovation (BMI) has been studied by
researchers such as Halecker in the field of Management and Entrepreneurship and has been
shown to be promising [21]. ST can help entrepreneurs to anticipate and adapt to changes in the
market and external environment, which is especially important in today's rapidly changing
world. ST can be used in areas such as developing and updating new business models through
revealing previously uncovered connections and avoiding isolated analysis [21]. Moreover,
Systems Thinking encourages entrepreneurs to take a holistic approach to business creation, by
considering not just the product or service they are offering, but also the broader context in
which their business operates. This includes understanding the relationships between different
stakeholders, such as customers, suppliers, competitors, and regulators, and how these
relationships can impact the success of the business [22]. Through the ST approach,
entrepreneurs could analyze the business as a whole and identify and manage potential areas of
risk, improve efficiency, and develop innovative strategies to drive growth [20]. ST also helps
entrepreneurs to identify the underlying factors that drive business performance, such as the
impact of external environmental factors and the interrelationships between various components
of the business [19].

Entrepreneurs who adopt a ST approach are also more likely to consider the long-term
sustainability of their business, rather than just focusing on short-term gains. This may include
considering the environmental and social impact of their business, and how it can contribute to
the greater good [23] or ways in which the business can reduce the environmental impact of their
operations [24]. Knowledge of ST can also set entrepreneurs a step ahead of others in
anticipating and responding to changing conditions such as market disruptions or shifts in the
regulatory requirements, in a more strategic manner [20].

In their study of entrepreneurship and strategic thinking, Pisapia and Jelenc found that ST has
been demonstrated to be a significant predictor of all three elements of individual entrepreneurial
behavior which include risk-taking, innovativeness, and proactiveness [25]. ST contributes to
“innovativeness by providing rational sources of patterns and interrelationships that already exist
and, at the same time, lack on the market”.
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Methodology

An analysis was conducted of the websites of Canadian post-secondary Institutes to look for
educational programs offered by any department at any level of study that claimed to teach
Systems Thinking. This was done by searching for the school’s name, followed by the term
“Systems Thinking” as a Google search. All the webpages identified for a given institution were
later evaluated and the contexts from the page were looked at with the intentions of finding
details on the courses, minors, certificates, degree, or competitions with the main idea of
“Systems Thinking” or “System Mapping”. Once the webpages were proven to be an appropriate
source of information, a web scraping tool was used to record the relevant context of the page
and monitor with the appropriate tags.

Tagging was done to further analyze the data once the web scraping was completed. The purpose
of the tagging was to categorize the data into separate contexts such as the “Type” of the learning
material, the relevant “Education Institute”, the “Level”, and the “Subject” of the learning
material.

The “Type” of the ST offering highlighted the difference between the learning offerings. The
items in this category include, “Course”, “Degree”, “Minor” and “Certificate”. Certificate refers
to a cluster of courses from an institution to indicate that learners have taken the appropriate
material related to a specific field of knowledge. Minor indicates a more significant degree of
specialization.

Programs were more specifically branched into “Levels”, namely “Ph.D.”, “Masters”, and
“Bachelors”. This was done since some of the courses offered were tailored towards a certain
category of students from a specific department. The “Education Institute” is relatively clear to
understand. Each data point was retrieved from a specific post-secondary institution in Canada
and therefore, the information gathered from the websites needed to be additionally clarified and
associated with one of these post-secondary institutions.

The “Subject” category is the subject of the course that is using Systems Thinking tools and
techniques. There was a range of courses using Systems Thinking principles to tackle a wide
range of problems across different fields of study, from engineering to business to healthcare.
The home department teaching these courses along with an analysis of the case studies in the
course determined this analysis.

Results
Distribution of the “Education Institutes”

A total of 24 ST offering types were identified instruction across 18 Canadian post-
secondary institutes. 12 out of the 18 post-secondary institutions offering Systems
Thinking were among the top 20 Canadian Universities according to the QES [26]. Out
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of the 18 institutions that teach Systems Thinking content, 14 delivered through courses,
3 through certificates, 5 as degree programs. One program offered an ST minor.

2
1.5
0.5

=

o

-]
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Figure 1 demonstrates the various types of offerings in Canadian post-secondary
institutes. Figure 2 displays the distribution of types of ST offerings provided across
various post-secondary institutions in Canada.

Distribuitionof different types of ST offerings at
post-secondary institutions in Canada

m Degree m Course = Certification Minor

Figure 2. The different Systems Thinking programs offered by post-secondary institutes in Canada.
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Distribution of the “Subject” of courses

Systems Thinking content was offered across a wide range of subject areas. Healthcare
and Sustainability were the most frequent subjects, while Business, Engineering, and
Continuing Education programs also offered system thinking subjects. The other category
includes subjects such as policy [27], communications [28], social innovation [29] and
other research initiatives [30]. Figure 3 demonstrates a breakdown of these categories.

Business programs had the majority of the share of Systems Thinking related offerings,
with a distribution of courses [2/5], minors [1/5], certificates [1/5] and degrees [1/5].
Almost all [4/5] of the programs were targeted to graduate students. Out of the 5 Health
Sciences related programs, [2/5] were targeted to bachelor students and 3 were focused
on graduate students, with a majority [4/5] being offered as courses and only [1/5]
offered as a certificate. Of the total of 4 Sustainability-related Systems Thinking
programs, [¥] were offered as courses, with an even split between bachelor's and
graduate program offerings. There was a total of 4 Continuing Education programs that
were solely focused on graduate students and were only offered as courses.

There were of 2 Engineering programs offering Systems Thinking instruction; both were
targeted to bachelor level students, with one being a course and the other being an
undergraduate engineering program, aimed to familiarize students with Systems Thinking
concepts in Engineering [31,32].

Topics in which Systems Thinking has been used in
Canadian Post-Secondary Institutes

= Business Engineering Healthcare Sustainability = Continuing Education = Other
Figure 3. The distribution of Systems Thinking topics used in Canadian Post-Secondary Institutes
ST in Business was used as a strategic lens for complex problem solving inside and
outside of organizations. Some of the problems addressed include supply chain

management, procurement, logistics, business intelligence and transportation [33] with
the main claim that ST could be used as a “method and tool for working with change,
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solving complex problems, and creating individual and team learning” [34]. This
suggests that most Business related ST strategies are thought as a method for problem
solving in complex environments and may not emphasize its use and tools in early stage
innovation and venture creation.

ST in Healthcare takes a more practical approach to ST, by identifying areas of
improvement within a given system and suggesting opportunities for innovation. The
promise of many programs is to use ST to evaluate existing knowledge and resources
relevant to a particular health systems issue, plan and execute an innovative solution to
address the issue at hand, evaluate the outcomes of the implementation, and present the
solution to key stakeholders in the host organization engaged in personal self-evaluation
and critical reflection [30]. More importantly, the programs promise to deliver
“applications of ethical theory to health reform, systems approach to health programming
planning and evaluation, international comparison of health systems, and an in-depth
investigation of health sector subsystems or building blocks™ [27]. These claims highlight
the relevance of ST in the early stages of innovation in start-ups and provide evidence for
ST’s use in complex environments that include innovation and venture creation.

Environment and Sustainability programs make use of ST and its tools by exploring the
positive and negative feedback loops, relationship maps, developing skills to understand
the complexity within systems, and applying a systems approach to understand the
societal challenges of what?[36]. The deliverables of the courses include critical concepts
about how ecosystems work, examining threats and solutions to current environmental
challenges, and the effects of carbon cycles in urban ecosystems and climate change
[37,38].

The two engineering courses taught learners to approach wicked problems through a ST
lens, with the intention of developing critical thinking and testing understanding of the
problems. The deliverables of the courses revolve around the problem-definition stage
and how one could use ST to understand the dynamics of the problem at hand [39,40].

Distribution of the “Levels” of offerings (Graduate, Continuing education)

As displayed in Figure 4, Systems Thinking programs were provided to students at both
graduate and bachelor's level. A total of 28 programs were exclusively targeted towards
graduate students, with another 13 targeting bachelor students. Only two programs were
offered to both graduate and bachelor's students.
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Distribution of Graduate Level of Canadian Post-
Secondary Program Offerings

= Graduate = Bachelor Both

Figure 4. The distribution of Level of ST programs offered at Canadian Post-Secondary Institutes

Discussion

The detailed analysis of the programs focusing on Systems Thinking in Canada demonstrates
that ST is not a topic widely discussed, although it has applications in various topics. Currently,
ST instruction at Canadian post-secondary institutes are primarily at the graduate level — both in
terms of the number and the comprehensiveness of the programs, suggesting that there is an
assumption that learners should learn about ST in later stages of their education journey, as some
of the concepts of ST could be more complex to grasp. However, one could argue that ST could
be simplified and taught to learners at an earlier stage to familiarize them with learning and
thinking in systems from an earlier stage of their lives. Researchers have worked towards
incorporating ST concepts across various years of the K12 education and some going beyond to
preschool. A recent review by the Waters Center for Systems Thinking reported that 80% of high
school students and 64% of middle school students found systems thinking concepts and tools to
be an effective way to learn class material [41].

More specifically, systems thinking instruction appears to be less prevalent in engineering than
in other fields. Engineering as a field could greatly benefit from the incorporation of ST into its
education system. Godfrey et al. emphasize this value by discussing the benefits of incorporating
concepts of ST into the engineering curriculum to promote critical thinking, problem-solving,
and creativity among engineering students [42]. Applications of ST have been discussed to
enhance students' learning power, which refers to their ability to learn independently and adapt to
changing situations. More courses in various topics of engineering must include ST as a main
theme in familiarizing engineering students with specific problem areas in their field or the
general field of engineering which could lead to a shift towards a more holistic, systems-based
approach to engineering education.
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Godfrey argues that integration of ST in learning and teaching should occur with the aim of
achieving competence rather than to acquiring specialized subject knowledge [42]. In
engineering, this approach would start with a particular problem, followed by articulation of
systems architecture, and a holistic view of that problem area which leads to a product which is a
unique application of knowledge for a particular engineering purpose. This is similar approach
taken across the ST programs and courses delivered in Canadian post-secondary institutions,
which direct learners towards becoming familiar with problems in their specific area of practice.
This approach provides additional learning outside of the courses that provide specialized subject
knowledge in each field, further developing the learners’ ability to problem solve.

Moreover, the integration of ST in the engineering curriculum would allow for the
familiarization of students with the main stakeholders in a specific field, their understandings and
requirements and their roles in the specific sector. More courses should integrate ST in their
curriculum to allow students to explore and become familiar with sector-specific stakeholders
and how they interact together.

An additional implication of ST in engineering education focuses on engineering
entrepreneurship education. There are no courses or programs explicitly discussing the use of ST
in engineering entrepreneurship education. ST has been emerging in business and entrepreneurial
teachings in various fields, bringing focus on the impacts of business decisions on the overall
landscape of business, product life cycles and sustainability. Researchers have argued for a
practice-based pedagogy that combines perspectives from entrepreneurship and systems
thinking. Lunch et al. argue that this method could work as a catalyst for bringing local changes
in business models by making the business case go beyond the individual organization and
seeing entrepreneurship as being about creating more sustainable business systems [43]. The
application of ST in business school is primarily focused on this notion and ties in concepts of
sustainability and equity into the business models.

The notion of sustainable entrepreneurship in engineering business context relies on the notion
that entrepreneurship contributes to environmental, social, and economic development [44].
However, most engineering entrepreneurship programs are more focused on the mechanical
aspects of business and do not look at its systematic implications [45]. The application of ST in
engineering entrepreneurial courses could provide a new perspective and tool that could allow
engineers to have a broader perspective on the application of their work.

Scholars have combined the concepts of ST and entrepreneurship outside of engineering. Lynch
et al. evaluated the effect of implementing ST in entrepreneurial teaching in the context of
sustainability [23]. Through a case study assessment, it was observed that none of the students
solely focused on maximizing the profit, but rather considered generating value across multiple
business organizations. The same teaching could be applied towards engineering entrepreneurial
teaching to help with problem identification and optimizing solutions to a focus on maximizing
the benefit for the business ecosystem. This could be applied to various concepts such as
sustainability, health care, technology, or any other sector of interest.
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Limitations

This study was limited by the method for gathering the data and terminology used to describe the
ST material included in the courses. There could be other programs that include ST concepts or
tools which are not included in this review as they had not explicitly mentioned these concepts in
their syllabus or learning outcomes of the program. Additionally, some programs might not have
labelled the concepts they teach as “Systems Thinking” specifically and used other terms such as
“System Mapping” or referenced specific tools used in ST with slight variations of their specific
fields. This limitation could be addressed in the next stages of this study through reaching out to
various post-secondary institutes and inquiring about their ST related programs.

Other limitations might include ST teachings which do not fall into one of the main categories of
degree, course, certification or minor. This includes online resources, co-curricular workshops or
information sessions about ST which could be part of the ST teaching but not a main category to
be considered in this review.

Conclusion

This article highlights the importance of entrepreneurship in a country’s development and looks
at the ways education has been helping to promote entrepreneurship in different economies. A
literature review of Systems Thinking was conducted and its relation to Entrepreneurship was
discussed and definitions and frameworks in which ST has been related to Entrepreneurship and
Business Development was briefly reviewed.

A scan of Canadian post-secondary programs was conducted with the goal of looking for
evidence of ST instruction. A total of 24 examples of ST instruction were found, distributed
across courses, minors, and certificates. Most of the ST material was offered as a standalone
course and in the Health Sciences, Environmental Sciences and Business departments. The
teaching of each of these fields varied and focused on certain use of ST and its tools.

ST currently appears to be underrepresented in engineering education. There is an opportunity
for educators to incorporate ST into engineering programs, and engineering entrepreneurship
programs more specifically, to help students with complex problem solving and enable a
multidisciplinary approach.

Future research suggestions are to gather more examples of ST in engineering education from
beyond Canada and to create workshops on ST for entrepreneurial engineering teams to assess

their problem-solving abilities, before and after being exposed to ST. This could be a great step
towards verifying ST and its effects in problem solving in entrepreneurship.
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