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Abstract
The immensity of the social and (natural) environmental impacts that technologies
have in today’s global context challenges the existing engineering education curricula.
Observational research inspired the notion that the current engineering curricula is
inadequately preparing engineers for their increasingly international roles. Observational research was conducted in Morocco, Indonesia and Sri Lanka which highlighted
the potential impact of engineering in addressing issues of marginalization.
Perspectives from engineering industry and academia were also studied. This research confirmed that the future landscape of engineering will require engineering
education to focus more significantly on non-technical skills and on providing integrated and interdisciplinary programs with an international focus. These studies also
indicated that there is a need for engineers to both consider the circumstances of
low-income communities and to reexamine the philosophies and pedagogy of current
engineering programs.
Finally, the perspectives of students was researched through forums and courses
that incorporated curricula based on social justice for marginalized communities.
Five separate forums allowed engineering students at Queen’s University discuss and
debate the idea of curricular reform in April and May of 2006. A module and project
that was based on a more holistic and socially conscious approach to engineering was
incorporated into a first year engineering course at Queen’s University called APSC
190: Professional Engineering Skills. Both the forum and course used observational
research methods and questionnaires to determine that Queen’s students were very
interested a program with greater focus on social and environmental issues in a global
context.
Humanitarian Engineering is a proposed program for Queen’s University’s Faculty
of Applied Science. This program intends to address the evolving expectations of
engineering education in order to respond to the demands of industry, academia,
students and society. Humanitarian Engineering is proposed to be a Master’s program
and a four-year undergraduate option that is taken collaboratively with the existing
engineering disciplines, e.g. Civil, Mechanical, Chemical, etc. It will be built on the
philosophies of humility, appreciation and cooperation and will best suit the needs of
society if taught through the methodologies of participatory action research (PAR)
i

and biomimicry.
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Chapter 1
Introduction
The state of the world depends on the ideals, perspectives and the direction in which
leaders choose to lead. Now more than ever, the state of the world will depend
on the leadership of engineers. Current circumstances have technology expanding
at an ever-increasing rate, forcing engineers to confront circumstances unlike those
faced by previous professionals in the field. These new and shifting responsibilities
are influenced by a global context that is complicating the social and environmental
circumstances in which they work. Thus, in order to properly prepare engineers for
their responsibilities, engineering education must be dedicated to providing a holistic,
socially and environmentally conscious program. Engineers need to be cognizant
of the social, economic and environmental impact of their work and must question
the appropriateness, necessity and sustainability of the technologies they design and
apply.
The United Nations Declaration of Human Rights proclaims that all humans are
born free and equal in their dignity and rights, challenging that we are “all endowed
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with reason and conscience and should act towards one another in a spirit of brotherhood” [6]. The work of an engineer is very much founded on these principles of
ensuring that all of society is sufficiently obtaining their basic needs and fundamental rights. The Professional Engineers of Ontario maintain that engineers must apply
science and technology to safeguard life, health, property and public welfare [7]. However, today 1.1 billion people do not have access to safe drinking water [8]; 5 million
people die annually from waterborne diseases[9]; 815 million people lack access to sufficient food and over 1.6 million people who die each year from respiratory illnesses
due to indoor air pollution [10]. These realities should challenge the priorities of the
global North to heed the call of the UN and work collectively toward global justice
and equality.
Peet et al. suggests that the need for food, shelter and services are authentic needs
and that the ethical question is “not whether but how ” these needs are to be provided
through development [11]. However, providing these needs, creating equality, and improving the livelihoods of the marginalized through development is an overwhelming
and contentious issue. Some theorists believe in a capitalist model, where progress
is conventionally understood as economic growth in which, “Third World countries
develop by copying the model of industrialization set by the example of the First
World countries” [11]. However, this model is problematic because it will lead to a
“five or six-fold increase in global incomes, consumption, resource use, and pollution
of natural environment . . . and that such increase shows the natural impossibility of
endlessly copying the Western model”[11]. Conversely, some theorists believe that
the most appropriate method of development is to do nothing at all. This paradox
is one that must be discussed in engineering. The issue of development presents an
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opportunity for professional involvement and reflects the moral responsibility of engineers to contribute to improving the livelihoods of the marginalized. Engineering
involvement in such issues requires a balanced and delicate approach.
The research conducted for this thesis addresses this paradox of development and
focuses on two aspects of the engineering profession. The first recognizes the reality of a globalized society where engineers inevitably interact with the international
community through international business, i.e. international labour, materials, collaborations, etc. The other aspect recognizes engineers as an appropriate tool for
meeting the basic needs of marginalized communities around the world. Clearly,
engineering is an international profession with international consequences.
This thesis explores the realities of the engineering profession in a current and
future context, recognizing the influence that globalization has had on engineering and
global inequities. Because engineering is an international profession and technology
has the ability to produce significant changes to social and environmental landscapes,
engineering education should incorporate a more holistic, socially and environmentally
conscious approach to applying science. In engineering education, the social and
environmental consequences should be viewed as the key constraints to the design
procedure.
The first chapter of this thesis is a literature review addressing the social and
environmental influences of technology. This chapter presents examples of how technology alters the relationships between people and between people and their natural
environment. It further discusses the impact of technology in an international context, addressing the growing demand that it be a tool for bettering the livelihoods
of marginalized people. There is an increasing blind trust in technology to provide
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solutions for the future challenges that society will face, thereby forcing engineers into
elevated roles of responsibility.
The second chapter outlines the methods and methodological approach to the research conducted for this thesis. The inspiration for this thesis and the preliminary
research was done through observation techniques in Morocco in 2003 and Indonesia and Sri Lanka in 2005. Because the observational research was from a specific
perspective, this chapter also discusses additional methodologies used which incorporated alternative perspectives from engineering industry, engineering academia and
engineering students. The Research Methods and Methodology chapter identifies the
importance of perspective in research and the difficulties of objectivity in observational research.
The third chapter presents the research in three main sections: observational
research, literature research, and personal quantitative research. The first section
outlines the major themes that were inspired by observation in Morocco, Indonesia
and Sri Lanka. The themes represent what is believed to be important considerations for engineering education. This section also addresses the role that engineers
have in an international context and their potential contributions to providing people
their basic needs. The second section supports the initial observations that engineering education is inadequate in preparing engineers for their social and environmental
responsibilities in a global context. This section analysis research from engineering
industry and academia and reveals that engineering education reform is both supported and warranted. The final section of this chapter presents results from research
that represents the perspective of students, particularly, engineering students. This
section presents results from a series of forums and surveys that were used at Queen’s
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University to gauge the interest of a proposed program called Humanitarian Engineering. Surveys and observations are also presented from a first year engineering course
at Queen’s University called APSC 190: Professional Engineering Skills, which incorporated international development themes in a semester-long project and learning
module. This section also briefly addresses why female enrolment in engineering education is low and whether there would be more interest from this demographic in an
engineering program that focuses on applying technology specifically for marginalized
communities.
The final chapter interprets the ideas collected from the research and presents a
proposed program for Queen’s University’s Faculty of Applied Science called, Humanitarian Engineering. This chapter presents the structure of the program as proposed
by a seven-member committee from Queen’s University, of which I was a member. It
also presents the philosophies and objectives for the program that were inspired by
this research. In particular, Humanitarian Engineering would be best represented by
participatory action research (PAR) and the principles of biomimicry. In this chapter
it is argued that engineering education must reflect the important role engineers have
in a global society and the social and environmental considerations they must contend
with in order to do their job with as little harm as possible. Humanitarian Engineering employs a pedagogy that will hopefully inspire students to be moral leaders in
addressing the needs of marginalized communities throughout the globe. This final
chapter argues that engineering is a contextually-driven profession and that current
curricula does not fully prepare engineers with the knowledge necessary for success
in their future leadership roles. Further, engineers play an important role in the development process of marginalized communities, it is therefore vitally important that
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they understand the difficulties and responsibilities this will present.
In this thesis, “Humanitarian Engineering” refers to the engineering program explained in the chapter Humanitarian Engineering, as the seven-member advisory committee for Queens Universitys Faculty of Applied Science has proposed it. “International development and relief” is the multi-disciplinary approach to addressing basic
human needs. “Basic human needs” is based on a hierarchical list of human needs as
per sociologist, Abraham H. Maslow. In his research Maslow deduced that the prioritized list of human needs was: physiological needs, need for safety, need for love,
need for esteem, and needs of self-actualization or self-fulfillment [12]. In this thesis
however, “basic human needs” refers specifically to physiological needs. “Sustainability” is defined as meeting the needs of the present generation while not compromising those of future generations. In this thesis “sustainability” incorporates social,
environmental and economic circumstances. “International engineering” is distinct
from “humanitarian engineering”. International engineering is associated with the
business processes of the engineering profession the depends largely on international
relationships for the basis of efficiency and productivity. Examples of international
engineering include multinational organizations working on international projects.
“Humanitarian engineering” represents engineering that is consciously dedicated to
collaborating with marginalized communities on alleviating poverty, providing basic
needs and generally improving their circumstances of injustice or inequity. Finally,
“marginalized communities” represent people suffering due to conditions of inequity.
They are communities subjected to conditions of great physical and monetary difficulties and whose basic needs are likely at the physiological level.

Chapter 2
Society and Technology
The “real world” of technology exists beyond the realm of machines, tools, devices
and electronics. Technology is capable of transforming our social relationships and
the natural environment. According to Ursula Franklin, technology has built a house
that we all live in; a house that is continually expanding and being remodeled with
the application of each new scientific discovery. Each day, more and more of human
life takes place in the walls of this house so that today there are only very few human
activities that exist beyond it [13].
The intent of this chapter is to capture the complexity, extensiveness and significance of technology by addressing a few of the many social and environmental
consequences of our dependence on it. Technology has always been a part of human
existence but our compliance to its incorporation into our contemporary lifestyle has
drastically altered our relationships with each other and with our natural and engineered environments.

7
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Expanding our perception of technology to incorporate society and the environment, immediately makes judgement of its impact infinitely more difficult. The engineers of this generation, and the next, therefore have the responsibility to ensure
that as they imagine, design, and build onto the house of technology, they recognize
the whole of their impact [13].

2.1

Defining Technology

Technology is not just mechanical or electronic contrivances; it is more than humancreated things. When analyzing what technology is, we discover that there are several
layers to its definition.
To begin, technology is a process. It is the art of transforming scientific knowledge
- deduced from researching, studying, experiencing and applying a design - to practical
purposes [14]. Dorf refers to technology as, “science plus purpose . . . the organization
of knowledge for the achievement of practical purposes” [1].
Technology also represents a system. It encompasses the contemporary and historical contexts of which each instrument is made. Each new technology is shaped
by context and the interplay of society and available resources, and is the result of
human choices. Technology is understood through the particular context of place and
time, priorities, culture and resources from which it was derived [15]. Technology is
a function of the externalities and organizational background conditions that have
defined its purpose [16], i.e. each component of a system will influence its use [13].
In a deeper sense, technology refers to the emotions and motivations of the users
and developers of the particular instruments. The purpose of a tool, machine, etc., is
defined by the user and not necessarily by the intentions of its designer. For example,
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the culture (understood as the practice and values) of a group can dictate the use
of technology and reflect its character in its use [13]. We have defined entire eras of
history based on its interaction with technology; consider the Stone Age, Iron Age,
the Age of Sail and Steam [17]. In the same way technology alters our interpretation
of place and time, society and the environment can dictate the alternative functions
of technology. Despite the intended use of a technology, there is still an element to
its function that is determined by the intention of the user. For example, a television
is only useful so long as the viewers can operate it, protect it from the environment,
provide electricity, etc. There is a necessary relationship between tool and user [16].
Dorf calls this, “technology with purpose” [1].
Because the definition of technology is so multilayered, Franklin explains that
technology can be simply described as practice: “the way things are done around
here”. It is the, “organization, procedures, symbols, new words, equations, and, most
of all, a mindset” of its collective, and that, “you cannot have technology alone, just as
you can not have literature alone (the very act of writing assumes a reader separated
from the writer in space and/or time)” [13].

2.2

Engineering and Technology

The term “engineer” stems from the Latin word ingeniator, meaning: ingenious, to
devise in the sense of construct or craftsmanship [18]. Engineers are people who
use science, mathematics and technology, in a creative way, to satisfy human needs
[19]. They conjoin their ingenuity with a theoretical understanding of science to
assemble, modify, craft and manipulate their surroundings to improve the livelihoods
of humanity and establish or secure human necessities.
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According to Francis Spufford:
Engineering of any description is an art of the possible. It happens at
the junction between what is materially possible and what is humanly
possible. Its course is shaped by the latest developments in the endless
struggle to manipulate obdurate matter, and also by the agendas and
priorities and resources and hopes and illusion of a society. Engineering
is where science intersects with the way we live [20].
Engineers transform the agendas, priorities, resources and illusions of a society into
practical tools. They bridge society and science together and are responsible for
managing this relationship. They are morally and legally bound to public service and
the well-being of all people impacted by technology under license of the Association
of Professional Engineers of Ontario [7].
Engineering practice “impacts the health and vitality of a nation as no other profession does” and engineers are obligated to anticipate, protect, provide and distribute
basic human needs [18]. Jeff Dobell, founder of Engineering Aid believes that, “doctors are sent to fix health problems but engineers design ways to improve the quality
of life and to avoid the health problems in the first place” [21]. Engineers play critical
roles in population and public health. Their applications of technologies are capable
of reducing and even eliminating unnecessary deaths and illness.
Engineers therefore have the responsibility to ensure they are prepared for any
challenge that society may encounter and be able to appropriately intervene. From
the mandate of the Professional Engineers of Ontario, an engineer’s obligation lies
in, “protecting the public interest where engineering is concerned. To be rigorously
educated, experienced and committed to a Code of Ethics that puts the public’s
interest first” [7].
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The field of engineering is continually transforming. Scientific knowledge is doubling every ten years and is pressuring the field of engineering to simultaneously
evolve with it to ensure its leadership in protecting societies’ needs [18]. As a profession, engineering has recurrently expanded from its original sub-branches of military
and civilian engineering as a response to social and technological progress. Engineering now includes specialties like mining, mechanical, chemical, electrical, materials,
geological and industrial engineering. The Canadian Council for Professional Engineers explains that keeping pace with technological advancements is an engineering
obligation. They believe that, “Canadian engineers provide leadership to advance
the quality of life through the creative, responsible and progressive application of
engineering principles in the global context” [22].
However, there is another important perception of what an engineer is. Engineers
do not have to be represented within a “profession”. Relating back to the traditional
definition, an engineer is anyone who crafts something to satisfy human needs. An
engineer can be any artisan, farmer, construction worker, inventor, designer, etc., and
is not limited to those people with institutional certification. By analyzing how things
are done rather than what is being done, there exists a much deeper level to defining
an engineer. Franklin emphasizes that technology is a practice, and describes two
very distinct forms of engineering; holistic technologies and prescriptive technologies
[13].
Holistic technologies are generally associated with the notion of craft, i.e. potters,
farmers, etc., and allow the individual to be in control of all steps of the production
process. These engineers are more apt to instantaneously judge and respond to their
whole environments because there is no hierarchical relationship that restricts the
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flow of information. They are able to make situational decisions based on experience
and are therefore able to physically react to their situation in order to apply their
product [13]. These engineers can holistically imagine their product from its inception
as an idea through to its application.
In contrast, prescriptive technologies are externally planned, organized and controlled. They are based on a system in which the making or doing of something is
broken down into identifiable steps, each carried out by a person or group of workers
who need to be familiar only with the skills of performing that one step [15]. Franklin
explains that although this type of division labour has historically been very common, we became most familiarized with it during the Industrial Revolution in Britain
where factory systems resulted in large-scale applications of divided labour [13].
The fragmentation of prescriptive technologies limits the latitude for judgement
and decision making from the individual engineers. It implies that the focus is determined by the specific task at hand, thus reducing the importance of externalities such
as the environmental impacts of another aspect of the whole process. A person for
example on an assembly line is focused on their particular task and not on the task
(and consequences) of the next part of the line. Control in prescriptive systems is
externalized to an authority. Today’s real world of technology is characterized by the
dominance of prescriptive technologies and that although they are often exceedingly
effective and efficient, they consequently have enormous negative and disregarded social implications [13]. Franklin argues that prescriptive technologies are a “seed-bed
for a culture of compliance” [13].
There is a difference between knowledge and understanding, represented in holistic
rather than prescriptive technologies. In a holistic system the engineer must know the
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science and understand the context in which it will be applied in order to be successful.
There is a required relationship between the engineer and the larger context. To
illustrate the importance of not compartmentalizing and dissociating workers from
their social and environmental context, Fritz Schumacher uses the history embedded
in his name, schumacher, the german word for maker of shoes. In order to do their
work well, he explains that a shoe-maker must be knowledgeable of not only the
production of shoes, but also of feet and the activities and lives of the customer. They
must know the loads, climate, conditions and purpose of the shoe and understand
that a knowledge of a good shoe is only useful when it is linked to the lives of those
who wear the shoes [15].

2.3

Measuring Success

The measure of success of a technology is a product of its impact on the environment,
economy and society where impact, as defined by Wainwright is, “any change resulting
from an activity, project or organization. It includes intended as well as unintended
effects, negative as well as positive, and long term as well as short term” [23]. Impact
has a variety of indicators. In earlier times, the target of success for a technologist
depended on readily defined criteria, such as speed of vehicle, smoothness of ride or
efficiency [24]. Aesthetics were secondary deliverables and were dependent on whether
enough customers, behaving as individuals, reacted favourably and created a market
for the product. However, addressing impact in terms of engineering and technology
today needs to include a more critical analysis of all potential effects in both the short
and long-term and beyond just science and technology. This section is not meant
to portray technology as a bad thing, but rather a powerful tool for manipulating
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human relationships with each other and with their natural environment. An accurate
representation of the impact of technology would be to recognize the unintended
consequences, such as human and environmental responses to its application.

2.3.1

Technology and Society

As it was earlier defined, technology represents a way of doing things or the way things
are done. It encompasses the activities and body of knowledge of people. It involves
the structures and the act of structuring. It depends on the practices and values of
the community in context [13]. Technology is a product of society and is defined and
regulated by the patterns of human interactions. It often embodies and expresses
political value choices that, within its operation and effects, binds individuals and
groups [16].
Therefore, technology has the incredible power of segregation of social clusters.
It contributes to the way people are defined, the way people define themselves, what
they can and cannot do, and how they understand themselves and the world [16].
Consider the variations of tasks performed by different groups of people. Farming for
example, in Canada most often uses mechanical instruments, computers and chemicals
to produce massive yields for sale, while a rural family in Indonesia may use mostly
human labour to produce enough for their family. In this sense, technology has a way
of creating the division of “outsider” from the “insider”, depending on the perspective
[13].
This segregation also creates a complex situation of generalizations. Through a
macro-analysis of a community, if similarities exist among the majority, the entire
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community may be perceived to behave as a collective, thus restricting the individuality of choice and capability of doing things uniquely. The reality is that technology
is such a multifaceted entity, eliciting complex interactions, that although groups may
be clustered by their technologies, the true level of technology’s social implications
must be viewed within a particular (micro-level) context [13].
Technologies are the product of choice at both the individual and community
level1 . But Sclove explains that although technologies are influential, they do not
actually determine social experience [16]. A tool may mean different things to different
people. It may be seen differently or disclose the world in a different light for different
people. Moreover, the style in which that tool is used may disclose to others much
about the user’s character, competence, and mood [16]. There always exists a margin
of flexibility in how tools are operated, or in what activities they are being used in,
but there are also limitations to these liberties. For example, society, in the form
of government, intervenes on behalf of its citizens to obtain solutions to problems
[1]. Technologies also sometimes require laws or limits for the choices of certain
individual actions, as exemplified in regulations developed for gun, or automobile
usage [16]. The increasing prevalence of machines and tools allows more opportunities
for individual interpretations of how to use technology and therefore the need for more
reactive limitations to the liberties in which these technologies can be used. With
the introduction of each new technology, there will continue to be new ways found in
which a tool can be used. In the real world of technology, there is no way to predict
or determine the ultimate use of any new machine or tool, which further complicates
the process of technological design because an engineer will always be associated with
1

This helps defend the idea that technology is representative of the values and motivations of
certain individuals and groups.

CHAPTER 2. SOCIETY AND TECHNOLOGY

16

that technology.
Technologies are also capable of creating a negative impact due to unnecessary
negligence on behalf of the engineer. From researching the impact of Thomas Midgley’s inventions, Berstein explains that, “technology, like everything else, tends to
develop in ways that were never expected at the start” [25]. Applying technology
is difficult in a complex system of infinite variables. Although engineers attempt to
manipulate and exude a sense of control of the material world, there is never any
certainty to the impact of the infinite other variables that will ultimately interfere
with the design. In 1844, Samuel Morse exemplified this in the statement of the very
first transmission of his electric telegraph. Morse wrote in that first transmission
as a testament to his uncertainty, “what hath God wrought?” [13]. The future of
technology cannot be anticipated or predicted and is therefore incredibly dangerous.
Despite intent, motive, or the expected benefit of a technology, the designer has only
very limited control of the outcome of their design.
The technological world is an interconnected web of dependence, which can result in the perpetuation of unintended consequences. Technologies have become so
interrelated that it is difficult to distinguish beginnings and ends. The development
of the railroad was a marker of increasing interdependence and therefore increased
unintended consequences. Charles Francis Adams, Jr. said that the transcontinental
railroad may have been the “most tremendous and far-reaching engine of social change
which has ever either blessed or cursed mankind”. He said that its interconnecting
web is:
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An enormous, incalculable force . . . exercising all sorts of influences –social, moral and political; precipitating upon us novel problems which demand immediate solution; banishing the old before the new is half matured to replace it; bringing the nations into close contact before yet the
antipathies of race have begun to be eradicated; giving us a history full
of changing fortunes and rich in dramatic episodes [1].
Dorf cautions that it is important to maintain an aspect of flexibility, to avoid the
pyramiding catastrophe that occurs when something goes wrong in interlocking technologies. In August 2003, North America experienced an electricity blackout for four
days, which impacted roughly 50 million people within the grid of New York, Ottawa,
Toronto, and North Bay [26]. As a result, almost every business shut down, and cities
literally stopped. The economic effect of a four-day blackout resulted in a Canadian
net loss of 18.9 million working hours, which constituted to a 0.7 percent decrease in
the annual gross domestic product (GDP) and a loss of over $4.2 billion. Ontario alone
lost over $2.3 billion from its shipping and manufacturing sectors [27]. The blackout
exemplified the lack of flexibility and the pyramiding dependence that society has on
their technologies. Electricity was at the top of this giant economic pyramid of which
all things depended on. There was no secondary plan for the economy to run without
electricity, proving the vulnerability of depending on linear prescriptive technologies
- that is if one portion fails, the whole process may fail.
Dorf argues that every “advanced country” is over-technologized to a point where
the quality of life diminishes with each new improvement. He argues that there are
ingenious devices for unimportant needs and wants of society, which perpetuates the
stressful maze of essential functions resulting in a drastic dislocation when anything
goes wrong. This maze of technological interdependence perpetuates society’s dependence on people to repair or help understand technological devices. Developed
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countries have become complacent in depending on technologies to meet their human basic necessities and are more interested in researching and developing new and
unimportant technologies. As humans we are creating things out of convenience that
we become psychologically dependent on as a necessity. This perpetual need to create
and buy things is having incredible consequences.
Table 2.1 presents the average annual growth rate of population in America versus
their consumption of energy, industry, fuel, electricity and bauxite. As prescriptive
societies continue to materially consume, they require more resources and therefore
create more impact. This table shows a clear indication that a prescriptive system is
ideal for increasing production. Since 1950, the consumption of an average American
rose more than 200 percent [28], and 99 percent of all the things bought in America
are disposed of within six months of purchasing [29].

Item
Population
Energy consumption
Industrial Production
Motor fuel consumption
Electric power consumption
Bauxite consumption in aluminum production

Annual Rate of Growth (Average)
1.6
3.2
4.0
4.5
7.6
7.7

Table 2.1: Average annual rate of growth in the United States during the period
1950-1970 [1]
The developed world has become a system of linear consumption. In 1955, retailing
analyst Victor Lebow, wrote in The Journal of Retailing:
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Our enormously productive economy . . . demands that we make consumption our way of life, that we convert the buying and use of goods into rituals, that we seek our spiritual satisfaction, our ego satisfaction, in consumption . . . we need things consumed, burned up, worn out, replaced,
and discarded at an ever increasing rate [30].
Consumption encourages business. The current generation no longer follows their
grandparents’ life of stewardship, thrift and resourcefulness. Now the measure of
our worth is in how much stuff we can accumulate [29]. To put it into perspective,
consider how much we consume and how much each of those products and materials
significantly (and actually) contribute to our physiological needs, needs for safety,
need for love, need for esteem, and needs of self-actualization and self-fulfillment,
which Maslow found to be the most important means of human motivation [12].
The common production method in developed countries follows a linear path from
extraction, to production, to distribution, to consumption and disposal. At each step
there are social and environmental consequences that are easily dissociated from the
final product. For example, the extraction of natural resources could take place in
another country. Or, a device could be made in a labour shop in a low-income
community with weak labour standards. At the end of the life cycle the product
may be shipped to a country with lower environmental standards for disposal and
recycling. Prescriptive methods enable technologies to exert their influence with only
little social awareness of how, or even that, they are doing so. They hide under
certain myths and misconceptions, like technologies are autonomous self-contained
phenomena and are morally neutral [16]. Society has compartmentalized everything
so that each step is its own separate entity and responsibility.
Sclove argues that it is democratically important to:
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Seek equal and extensive availability of a diverse array of flexibly schedulable, self-actualizing technological practices. Minimize the social need for
meaningless, debilitating, or otherwise autonomy-impairing technological
practices [16].
However, prescribed systems are so complicated and interconnected that they are
incredibly difficult to change once they are implemented [15]. Each of the steps are
so disconnected from the final product that it is difficult to holistically understand
the entire process. Society has become a culture of compliance that is conditioned
to accept current orthodoxy as normal and accept that there is only one way to do
things [13]. As each successive generation is born into this real world of technology,
it is likely that they will become more and more complacent.
Franklin suggests that we are stuck with some technologies because we do not
question enough; that we are seeking technology for what it will provide and not
limiting technology for what it should not do. There is a need to question more
about technologies, how they are made, where they come from and what it took to
make them. There is also a need to question the purpose of the technology in terms
of human needs and contentment.
Recently there has been an increased interest in the social impact of technology
but the technological world seems to have too much momentum and is producing
changes too quickly without effective opportunities to debate its impact [13, 1].

2.3.2

Technology and the Natural World

Technology has refashioned the relationship humans have with their natural world by
supporting the disconnection from a tradition of symbiosis. Humans have fabricated a
world around them by planning, designing, engineering, recreating and legislating the
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natural environment in an attempt to protect themselves from the unpredictability
of nature [31]. Technology is not always bad, in that it is not always doing harm, but
the substitution of the natural environment with one that depends on machines and
electronics is argued to subtract as much or more from the sum of human welfare as
it is adding [1]. Considering how this substitution has distorted our perception of the
world and the true nature of human environments, Franklin explains:

The environment in which we live is much more structured for the wellbeing of technology. It is a manufactured and artificially constructed
environment, not what one might call a natural environment. While our
surroundings may be a milieu conducive to production, they are much less
a milieu conducive to growth . . . I feel that the “environment” is now more
often a term of befuddlement than a concept that is helpful in the search
for clarity. What do people actually mean when they talk about the environment? Is it that constructed, manufactured, build environment that
is the day-in-day-out setting of much of the contemporary world of technology? Is it what is euphemistically called our “natural” environment?
Why don’t we talk about nature? It seems such an egocentric and technocentric approach to consider everything in the world with reference to
ourselves [13].
The most significant difference between Homo sapiens and any other animal is the
ability to possess and maintain culture. It is the consciousness that allows humans to
understand how to plan and create the technologies for their benefits. Yehudi Chen
explains:

Culture is man’s most important instrument of adaptation. A culture is
made of energy systems, the objectives and specific artifacts, the organizations of social and political relations, the modes of thought, the ideologies,
and the range of customary behaviors that are transmitted from one generation to another by a social group and that enable it to maintain life in a
particular habitat . . . as far as we know, man is the only animal capable of
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self-consciousness with respect to his cultures –the only animal to blush,
laugh at himself and think of himself as a culture bearer in third-person
terms [31].
The effects of culture are perpetuating the notion that humans are separate and
independent from the rest of the natural world. In 1990, delegates of a psychology
conference at Harvard University examined the issues of psychological disconnection
with nature and concluded that: “If the self is expanded to include the natural
world, behavior leading to the destruction of this world will be experienced as selfdestruction” [32]. The “environment” that a majority of society is being raised in
consists of protection through separation of the natural world that provides the food,
water and materials necessary for life. We are supporting and passing on the perception that the physical and psychological separation between humans and nature is a
good thing.
At the University of Washington, Professor Peter Kahn, Jr., examined the psychological connection between children and nature in Houston Texas, Lisbon Portugal,
and the Brazilian Amazon region. He quantitatively concluded 95 percent of the children in his study used anthropocentric reasoning rather than biocentric reasoning in
their interactions with nature, which means that 95 percent of the children did not
see their natural environment as having, “moral standing that is at least partly independent of its value as a human commodity” [33]. As an example, he explained that
the majority of the children thought that pollution was wrong because it would harm
economic growth. They could not appreciate the intrinsic value of nature other than
for human use. If children are ignorant of the limits of the natural world and the impact their lives have on it, then they will create the possibility of one day exhausting
the natural resources that are necessary for human physiological demands.
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Kahn found that about two-thirds of the youth in his study had a general understanding of the problems of air pollution, water pollution and garbage, but contrary
to his expectations, only one-third of the children believed that these had an impact
on them directly. In response, Kahn questioned how “children who know about pollution in general and live in a polluted city could be so unaware of their own city’s
pollution” [33].
Urbanization is negatively influencing these conditions by encouraging physical separation between humans and their natural world. The American National
Academy of Engineers estimate that in 2020 more than half of the worlds population
will live in urban centres, thus perpetuating the physical and psychological separation of the natural world. Urban areas parks, zoos, and manicured gardens, preserve
the perception that nature is controlled, organized and unnecessary other than for
aesthetic value. In these environments food, water and shelter are a part of the infrastructure and not something that needs to be hunted, retrieved or built. These
things are compartmentalized so that society can eliminate the need to collect their
own food, water and shelter so that they can continue their individual task that supports a greater prescriptive system. For example, farmers are society’s compartment
for providing food so that people in cities are more efficient at being bankers, stock
brokers, car sales people, etc. In an urban world, society tends to funnel individuals
into individual skill sets so as to maximize the efficiency of the greater system, while
simultaneously perpetuating global interdependency.
The progression of urban environments presents an illusionary cage that demeans
the importance of the natural world because it hides any indication of environmental
degradation. For example, the farms, mines, landfills, etc. that service cities exist
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somewhere else. The city acts as a self-contained machine importing materials and
necessities and exporting wastes.
The priorities of today’s generation support the current material economy that is
based on consumption. For example, Professor of Environmental Studies at Oberlin
College, David W. Orr, found in his work that, “young people on average can recognize
over 1,000 corporate logos but only a handful of plants and animals native to their
places” [33]. The current generation has a greater appreciation and thirst for learning
about human-made products rather than the things that are necessary for their basic
survival.
To illustrate human negligence of the natural world, Benyus explains that of the
earth’s estimated 30 million different species only 1.4 million have been identified and
named, less than five percent of the world’s plants have been identified and about
two percent of flowering plants have been studied exhaustively for their chemical
composition and medicinal value [34]. Of over 30,000 plant species available for
human consumption, roughly 90 percent of the world’s calorie intake is supplied by
14 plants and 8 terrestrial animal species [35]. As long as humans can make what
they need with what they know, the natural world will continue to lose its allure and
potential utility for human benefit.
However, is human ignorance and lack of sustainable practices because of the perceived success of the current system? Judging by the amount of infrastructure and
technology that does not pertain to Maslow’s hierarchy of human needs, the developed world can assume that their current system is effectively meeting human needs.
The prescriptive system that is currently embraced by higher-income countries is establishing a particular perspective of the natural world, which is of lesser importance

CHAPTER 2. SOCIETY AND TECHNOLOGY

25

than human-made products.
There is significant evidence supporting the idea that what we are currently doing
and the way in which we are doing things, is not the most appropriate. The International Panel on Climate Change (IPCC), which is the most comprehensive and
up-to-date scientific assessment of past, present and future climate, found that, “the
emissions of greenhouse gases and aerosols due to human activities continue to alter
the atmosphere in ways that are expected to affect the climate”. Further, the IPCC
indicated that, “there is new and stronger evidence that most of the [global] warming
observed over the last 50 years is attributable to human activities,” which is having
a significant impact on the severity and frequency of natural disasters [36].
In the next twenty years, the UN expects that almost every nation in the world will
face a water supply problem to some degree. The water tables in China, India, and
the United States (who collectively produce half of the worlds food) have dropped
considerably and are frighteningly close to becoming completely exhausted if the
current rate of consumption is not drastically reduced [18].
Today’s current businesses are seeking out international collaborations and opening themselves up to a more global market, thus allowing for more business, and
introducing new partners into the prescriptive way of doing things and the associated
consequences. Statistics Canada found that Canadians imported more than $388 billion worth of goods in 2005 from countries around the world. Through international
business, Canadians are now more capable of obtaining products without directly
suffering the “external costs”, such as the social and environmental impacts of prescriptive technologies. They may use the services and resources of low-income nations
where often, labour is cheaper, environmental regulations are lower, and resources are
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more easily accessible.
International business will drastically expand the environmental consequences of
human consumption. It is not just the products that are being shipped between
countries but also the resources that are required to produce them and distribute
them. For example, a cotton shirt that is made in Peru (with Peruvian resources) and
is shipped to Canada requires a certain quantity of water to be produced. Therefore
the volume of water required to harvest the cotton and manufacture the shirt is also
being extracted and shipped from Peru to Canada. This is called “virtual trading”
and is a very different way to examine the environmental impacts of an international
industry. The International Development Research Centre estimates that the volume
of water that is virtually traded across borders annually is approximately 1,600 km3
[37].
Consumption is certainly having huge impacts on the natural environment, especially the consumption levels of high-income countries. However, Miller has identified
that along with consumption per capita, there are two other quantitative indicators for measuring the quality of the environment: population and the beneficial
or harmful environmental effects of technologies used to provide and consume one
unit of resource [35]. Although high-income countries typically consume more than
low-income countries, Miller’s equation suggests that the higher populations that are
often associated with low-income countries is also having a significant impact.
Considering specifically the rate at which the global population is increasing, there
is reason to be concerned. Global population trends show that there is a rapid increase
in the rate of growth. The estimated world population in second century A.D. was
roughly 400 million. In 1500, the population had reached 600 million; it took thirteen
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centuries to increase the population by 200 million. Comparatively, it has taken only
three years (2001-2004) to match that growth of 200 million people [38]. Currently,
the global population is roughly 6.5 billion people [39].
Also, the amount of resources that humans are consuming is becoming exorbitantly
higher than previous generations. In terms of consumption of goods and services from
the natural world, it takes approximately 5 hectares of a productive ecosystem to
support the average U.S. citizen [31]. The United States has roughly 4.6 percent of
the world’s population but consumes 30 percent of the world’s resources and produces
33 percent of world’s waste [35]. If the world were to consume the same amount as
the average American, we would need the resources of five planet earths [29].
Unfortunately, techno-optimists have a blind belief in their own capabilities and
the capabilities of technology. They believe that technology will be able to mitigate
the harm that their production model has and continues to cause. John Rapley
explains that, “optimists cling to the possibilities of endless growth with the conviction
that the future will see technological innovations we can scarcely imagine now, but
that will eventually cause efficiency to improve at exponential rates” [40].
Maintaining, and promoting this paradigm of techno-optimism will allow consumption to continue, without fear of global destruction. Populations will rise and
consumption of natural resources will continue to climb. It may be a dangerous assumption to believe in human ingenuity. As David Suzuki explains, “. . . there are
gaps in human knowledge large enough for the future of the planet to fall through”
[32].
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Technology in a Global Context

Technology is expanding its boundaries to an international community. By reducing
state control of the global market, globalization is influencing the rise of multinational
companies, is increasing the international transfer of labour, goods and information,
and is influencing the overall growth of the global economy [41]. Globalization has
created a general compression of space and time which is impacting almost every
aspect of life, including politics, culture, education, religion and family, all around
the world [42].
As technologies continue to flourish, there is an increasing urgency to heed Franklin’s
call to question technology and limit it for what it should not do. There is a need to
be critical of an overly-technological world to ensure that the technologies that are
being developed are helping promote peace, justice and equality among all of the people it will impact. Further, there is a need to ensure if they exist and are appropriate
that technologies be used to support all human’s basic needs.

2.4.1

Marginalization

The World Bank estimates that more than 1.2 billion people live in extreme poverty,
i.e. living on less than $1 USD a day [43]. As a consequence of poverty, world
statistics show that 2.6 billion people lack access to improved sanitation of which 93
percent are found in Asia and Africa [8]. 80 percent of all illness and deaths in the
developing world are caused by preventable water born disease [44], which contribute
to more then five million annual deaths –ten times the number of people who are
killed annually in wars [9] [45].
More than 1.1 billion people do not have access to safe drinking water [8]. Over 815
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million people lack access to sufficient food and over 1.6 million people die annually
from indoor air pollution, which is generally caused by cooking in poorly ventilated
homes with traditional energy sources such as wood, charcoal and animal dung [10].
The IPCC reported that, although rich countries accounted for most greenhousegas emissions, it was poor countries in tropical regions that were suffering most acutely
from its effects [40]. Earlier, it was stated that the IPCC had evidence to believe that
the effects of climate change from human emissions is having a significant impact
on the severity and frequency of natural disasters [36]. In the last forty years the
economic damage that natural disasters have caused has increased by 10 times [46]. In
2003, 700 natural disasters occurred throughout the world, 50 more than the average
in the 1990s [47]. 97 percent of deaths from natural disasters occurred in developing
countries and 24 of the 49 least developed countries are still facing high levels of
disaster risk. In the last 15 years at least six of these countries have been hit by
between two to eight major disasters that have had long-term consequences on human
development [46]. In 2002, natural disasters cost over $85 billion (USD) globally,
which considerably hindered potential economic growth and sustainable development
in these regions [47].

2.4.2

Technology for Relief and Development

Economist, author, and director of the United Nations (UN) Millennium Project,
Jeffrey Sachs, argues that technology is not yet operating at its needed capacity in
low-income countries. He believes that technology must be better mobilized to help
generate economies with long-term growth and that when marginalized communities
do have access to the world’s technologies, they are in a better position to alleviate
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the conditions of poverty [48].
An example of Sachs’ theory at work is the well-known organization Engineers
Without Borders (EWB), which operates with the mandate that poverty is not
about weakness but rather is the absence of opportunity. They work in partnership
with local organizations to help empower communities and gain access to appropriate
technologies [49]. Likewise, the United Nations Educational, Scientific and Cultural
Organization (UNESCO) believes that when technology is properly mobilized and
delivered, it can help increase the health and wealth of all countries [50].
In 2003, the World Federation of Engineering Organizations and the American
Engineering Community collaborated with UNESCO to publish a report pertaining
to technology in international development. The crux of the paper was that engineering science and technology is the driving force for sustainable economic and social
development and that the engineering profession is best suited to significantly address
global poverty [51]. One of the main goals of the World Federation of Engineering
Organizations is to promote engineering and technology as tools for addressing basic human needs, poverty reduction, and secure and sustainable development [52].
According to both of these organizations, it is technology that will provide hope for
marginalized communities throughout the globe.
There is a growing sense of urgency to use engineers to help improve the conditions of low-income communities. In crisis situations –where poverty restricts people
from their basic human necessities –thoughts of sustainability are understandably
disregarded. Author Mark Hertsgaard studied marginalized communities in China
and found conclusively that, “while there were plenty of things the Chinese masses
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might not like about their existence, by far the biggest complaint was being miserably poor, and that they would put up with a great deal of aesthetic or environmental
unpleasantness to escape poverty” [33].
Another example of the subsequent effects of poverty is that less-developed countries are seeing a drastic rise in the population of already under-prepared urban areas.
With a majority of the cities’ infrastructure already stressed, global urban populations are expected to surpass the rural population for the first time in human history
and hold over half of the world’s population by 2020 [18]. Concentrated in the lessdeveloped countries of Asia and Africa, the urban population is expected to rise from
3.2 billion in 2005 to 4.2 in 2020 (Figure 2.1), thus supporting the psychological
and physical separation from the natural world [39]. According to Soubbotina and
Sheram, this shift is due to the fact that urban centres are typically more economically significant than rural areas and are responsible for more than half of the gross
domestic product of developing countries [53]. Because these countries are adapting
to the economically successful prescriptive systems of industrialized nations, more
people are moving to urban centers to work for the manufacturing industry.
Much of the world is clinging to the idea that technology will improve their livelihoods. Low-income and marginalized communities are entering into the “real world
of technology” at an alarming rate by incorporating technologies that are otherwise
foreign to their environment. For example, information and communications technologies (ICTs), such as computers and cellular telephones have become mainstream
instruments in many developing nations. Statistics in Asia have shown that cellular
phone subscriptions have increased from 21.38 per 1000 people in 1994 to 155.7 per
1000 people in 1998 and internet hosts jumped from 1.45 per 1000 in 1996 to 6.16 per
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Figure 2.1: Urban growth and population trends [54]

1000 in 1998 [55]. In August 2007, International Telecommunications Union (ITU)
data suggested that the number of cellular phone subscribers surpassed 3 billion people - a 40 percent global penetration (Figure 2.2) [56].
This increase of electronics in developing countries will demand more resources for
production, produce more wastes, and create many unintended social consequences.
In Morocco, especially in Casablanca, the young adults are divided in their ideologies
and relationship with tradition and culture. Figure 2.3 is a photo of children who
were visibly influenced by foreign (North American) technologies and ideologies. They
were wearing North American branded clothing and knew many North American
television characters and name brands. Like these children, many young people were
assimilating to a way of life that was comparable to that in North America and had for
example, distanced themselves from traditional djellabas (loose hooded garment) and
babouches (sandals), from religion, from traditional cooking and from their traditional
language. Fast food was very prevalent and popular, and cell phones, televisions and
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Figure 2.2: Cellular phone subscribers per 100 inhabitants 1994-2006 [56]

computers had given the youth access to the rest of the world [57].
Using Miller’s quantitative measurement of environmental impact, consumption
and population are two of the three variables. Currently, there is an unevenness to
global consumption as it takes roughly 5 hectares of productive ecosystem to support
the average U.S. citizen’s consumption of goods and services versus less than 0.5
hectares to support consumption levels of the average citizen in the developing world
[31]. However, if the world were to consume at the same rate as the average American,
we would require five times the resources that are currently available to us [29].
The low-income countries with high populations will create incredible environmental
impacts if they are to mimic North American consumption patterns.
In the face of poverty, it is very difficult for people of developed countries to judge
the actions required to improve their livelihoods. Despite the social and environmental impacts of technology, refuting its application for the sake of poverty alleviation
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Figure 2.3: Children of Essaouira, Morocco [58]
presents a difficult moral dilemma. In the last three hundred years, the average life
span of an individual in a more-developed country grew from 37 years to almost
80 years, arguably because of the increased access to technology and infrastructure
[18]. Conversely, the world’s less-developed nations currently have an average life
expectancy of 62.5 years. Continentally, Africa’s life expectancy is 50 years, Asia’s
is 65.7 and South America’s is 69.4 years [59]. Although increased life-expectancy
depends on much more than simply infrastructure, such statistics can be enough motivation to encourage the emulation of the models of development of the industrialized
world.
The developed world maintains that population is the main cause of global environmental degradation and therefore quickly places fault on the rapidly growing
populations of low-income countries [40]. However, many third-world development
theorists “outright reject the suggestion that population growth is a problem” and
add that the emphasis on population growth from high-income countries is an attempt to detract attention from the real problems of low-income countries - that is
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the poverty that the developed world contributes to [40]. Consider for example, that
less-developed countries pay almost $300 billion (USD) per year in interest to service
their debt to high-income countries, perpetuating poverty and forcing them to spend
money on debt-servicing rather than sustainable, long-term development [35].
Rapley argues that high-income countries are polluting and using the earth to
amass wealth and power, while satellite countries struggle to improve their existence
by degrading their natural environment and depleting their resources. And as both
sides struggle for greater wealth, the rich fear that their model of development is
not sustainable if less-developed nations - with their rapidly growing populations adopt similar consumption patterns. The suggestion of capping such development is
however, hypocritical of high-income countries since they have already “reaped their
harvest” [40].
The reality is that poverty is viewed by economists and development organizations
as a serious problem that should be treated by engineers and technologists. There
are high hopes that technology will continue to meet and solve human needs and
problems. However, despite all the benefits that technology has seemingly delivered,
the social and environmental impact and the intricacies of poverty, politics and globalization are now placing engineers in a highly complex global context. Without a
comprehensive understanding of the human impact of technological trends and circumstances, engineers will be incapable of anticipating the larger impact that their
designs will have, especially if their education focuses only on producing cost effective
and prescriptive designs.
The ultimate goal of an engineer is to create a flawless design and successfully
implement it. However, the reality of engineering is that designs are imperfect and
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subject to materials failures. Technologies are capable of negatively impacting the
social, environmental and economic conditions of the communities in which they are
applied. Failed bridges, chemical leaks, air pollution and poorly executed development
projects are a testament to the fact that engineers are susceptible to making mistakes.
Far more people wish to modernize their countries without at the same time
westernizing them [60]. Many see the West as an “economical and cultural juggernaut,
attempting to carelessly spread its doctrine to the world” [60]. Therefore, there is
an urgent need to view technology as more than the tools, machines and electronic
devices that are made for human consumption and recognize the significance of using
more holistic and socially-conscious approaches to engineering application.

Chapter 3
Research Methods and
Methodology
There were three primary methods of research used in this thesis. Qualitative observations in Morocco in 2003, and Indonesia and Sri Lanka in 2005, inspired a challenge to the status quo approach to engineering education. It led to a questioning
of whether there is enough focus in mainstream education on the social and environmental aspects of applying science in an international context. The secondary
method of research incorporated studies and opinions from perspectives in academia
and engineering industry in order to examine whether the inspirations and opinions
gained from the qualitative observational research were shared by other relevant perspectives. In the final method of research, quantitative data collection, a proposed
program called Humanitarian Engineering was presented in forums for Queen’s Faculty of Applied Science. Also, module and project in a first year Applied Science
course at Queen’s University called APSC 190: Professional Engineering Skills, was
used to gauge interest in a Humanitarian Engineering program at Queen’s. During
37
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both the presentations and the module, independent surveys and observations were
used to identify student interest in the objectives and structure of the Humanitarian
Engineering program.

3.1

Preliminary Research Approach

The preliminary method of research was observational. In Morocco, Indonesia, India
and Sri Lanka, observation was used to understand the “socio-temporal context of
interest” and to qualitatively collect data for the purpose of research [61]. In each
context, observation was assumed to extend beyond the simple act of seeing and
incorporated a “cognizance of the full sensory experience of being in place” [61].
It included listening, feeling, reflecting, as well as being cognizant of each social
phenomenon as it happens.
Although, quantitative analyses are a common approach to engineering research,
engineering exists beyond the limitations of numbers and requires qualitative methods
of social research. The observational method in this research allowed social phenomena to be perceived as it naturally occurs and allowed for multi-dimensional analysis
in order integrate improvements into engineering education. Observational activities
incorporated the presentation of reality from various perspectives. The inclusion of
multiple perspectives in engineering research can allow traditionally muted perspectives to provide invaluable data. In the act of participatory observation the very
experience influences a perspective. In this research, some social phenomena was observed with greater concentration and thus had more impact than other phenomena,
but there is always a level of significance that is interpreted by the individual.
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Methodology of Observation

The observational technique that was adopted for the experiences in Morocco, Indonesia, India and Sri Lanka, was called uncontrolled observation. Uncontrolled
observational methods are difficult to describe systematically because each observer
creates “meaning through bringing their own perspectives and life experiences to their
analysis and interpretations” [61]. However, uncontrolled observation may be more
comprehensible if it is viewed in contrast to controlled observation. Controlled observational methods are restricted by clear and explicit preconceived decisions on what,
how, and when to observe [61]. They are based on remote data collection through
experimental approaches and limit the “observation senses” to the “findings” of such
research.
In this research there was no particular focus on certain elements of society and
observation was not restricted to any one prescribed phenomena. Rather, the interactions and discussions were vulnerable to spontaneity and were not limited by
premeditation. In other words, the research was adaptable, incorporated the environment, and allowed the overall experience to dictate the direction of the discussion.
There was always a point of interest that commenced the dialogue but this was never
a limiting factor. Uncontrolled observation research allowed me to remove boundaries
that would otherwise specifically focus the research, this allowed for the uniqueness
of the circumstances to influence the direction of the discussion.
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Subjective versus Objective

Qualitative research methods, such as observational research, are subject to human
experience. Observation unavoidably involves participation, both socially and spatially, and incorporates the participants perspective. Therefore observational research
is vulnerable to subjectivity. In observational qualitative research, it is the political
and personal sympathies that direct subjectivity. For observational research of social
phenomena to be objective, one must assume that there is an independent relationship between the researcher and his/her object of research. Dowling asserts that,
“collecting and interpreting qualitative information relies on a dialogue between you
and your informant” [62]; thereby saying that personal perspectives and opinions are
unavoidable in the process of dialogue. On the other hand, quantitative research data
is collected through a secondary means and is only interfered with personal opinions
after the data has been collected and during its interpretation. In such circumstances
it is more difficult to misinterpret research than if it was interpreted during the process
of collection, as is done in qualitative observation.

3.1.3

Bias

According to Hammersley and Gomm, the term bias has evolved from ambiguous
usages and is now most often synonymous with illegitimacy or systematic error. Bias
is assumed when opinions subconsciously (or consciously) but recognizably influence
the research methods and measurements [63]. It is a fear that is present in any
scientific research, but more so in sociological research that uses observation as a
method of data collection, as was done in the observation research of this thesis.
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However, sociologist Howard Becker argues that there is little validity in accusations of bias because perspective inevitably influences both how research is conducted
and conversely how it is read. In Becker’s words, “the dilemma, which seems so painful
to so many, actually does not exist, for one of its horns is imaginary...for it to exist,
one would have to assume, as some apparently do, that it is indeed possible to do
research that is uncontaminated by personal and political sympathies” [64]. In each
experience of sociological phenomena we, as humans, depend on our perspective to
obtain and process information. There are no two perspectives that will view phenomena identically. Even the processing of scientific and numerical (objective) results
of a research project requires a perspective. The discussion of those objective results
are therefore, also subjective. Therefore, there are no experiences that humans participate in in which subjectivity and bias are not factors. Never will things be read,
observed or processed with complete objectivity.
Yet bias is something that continues to impact both the readers and researchers
of sociological research. Readers expect to trust that the research is factual. A
researcher’s fear of bias can create a self-doubt that their sympathies have, in any
way, seriously interfered and flawed their results.
Becker argues that because the fear of bias affects both reader and researcher,
its roots must lie deeper than superficial differences between sociological schools of
thought and must be a formulation of characteristics of society. He believes that the
most common accusation of bias is not because of an obvious partiality, but rather
that the partiality challenges a hierarchical structure that persists in society that
the reader has unconsciously sided with. Becker says that research is more often
accused of bias when it gives credence, in one way or another, to the perspective of a
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subordinate group in a hierarchical relationship [64].
Becker states that there exist two prevalent societal hierarchies: a moral hierarchy
and a hierarchy of credibility. In each case, the collective majority of society accepts
the established hierarchy and prejudice the subordinates from the superordinates
accordingly. Therefore, the greater question in discussing partiality and subjectivity
of sociological research is not whether work shows sympathy towards a particular
side, but rather which side it supports.
In a moral hierarchy, superordinates are believed to represent those of official
morality, in that they are held with higher esteem than the subordinates. They
are represented by police officers, doctors, professors, and administrators, i.e. the
official authorities that are believed to be in some command of the subordinates and
are generally organized and distinguishable. Conversely, the moral subordinates are
represented by those who are perceived to have violated this morality in some aspect.
In the hierarchy of credibility, society assumes that in a system of ranked groups
the top parties deserve greatest credibility. It is assumed that the superordinates are
most capable of defining and dictating the direction of the other groups. In social
science for example, scientists inevitably depend on personal and political sympathies
to observe and process social phenomena yet, because they are a scientist, society is
more apt to believe that if their work as objective as opposed to that of a layperson.
Another example of the hierarchy of credibility exists in politics, where society
assumes that the distribution of knowledge and flow of information is always directed
to those in positions of power, i.e. the leader. In politics, society assumes that it is
the leader and top individuals who have access to the most information and who are
therefore most credible in making decisions on their behalf. Becker says that, “we
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are, if we are proper members of the group, morally bound to accept the definition
imposed on reality by a superordinate group in preference to the definitions espoused
by subordinates. (By analogy, the same argument holds for the social classes of a
community)...In a situation that is not openly political, with the major issues defined
as arguable, we join responsible officials and the man in the street in an unthinking
acceptance of the hierarchy of credibility. We assume with them that the man at the
top knows best. We do not realize that there are sides to be taken and that we are
taking one of them.” [64].
In both hierarchies, Becker explains that subordinates perpetuate their circumstances, in large part, because of their inability to identify and organize themselves as
groups with structure and leadership. Groups, rather than individuals, are assumed
to more aptly challenge the established hierarchy. Because subordinates lack structure, they reinforce the hierarchy of morality because their morals and opinions are
seen not as a collective but rather as an individual perspective that warrants little
merit or respect. The hierarchy perpetuates the idea that, “no one proposes that
addicts should make and enforce laws for policemen, nor should patients prescribe
for doctors, or adolescents give orders to adults” [64]. Subordinates are classified as
those who have no obligation to act with a moral dignity towards the rest of society.
The structure is also reinforced by the organization of superordinates. Organization allows easier identification of the parties who are at fault and therefore who
should be held accountable, thus satisfying society’s assumption that they will act
with higher moral credibility. The work of superordinates is assumed to be trusted,
credible and accountable because they are in direct public eye, are responsible for
dealing with public issues and are under the surveillance of existing structures within
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their organizations, e.g. ombudsmen. Conversely, because there are typically no identifiable leaders who take responsibility within the subordinates, there is usually no
one to be held responsible for their collective acts.
Therefore according to Becker, biases are more likely prevalent in the observational
research of sociological phenomena when the evidence of partiality conforms to the
perspectives of subordinates of a socially-created hierarchy. The reality of social
science is that the scientist must be immersed within a context long enough to gain a
perspective on it, and that the observation and interpretation of that context depends
on the beliefs, ideals, morals and perspective of the researcher. These beliefs are
capable of becoming congruent with, “any or all of the other participants in that
varied situation” [64]. Whether the immersion is direct and physical or indirect and
through reading literature, the conditions will be analyzed with a particular point of
view and, “no matter what perspective he takes, his work will either take into account
the attitude of the subordinates, or it will not” [64]. Therefore, accusations of bias are
mostly based on which group within the hierarchy the researcher’s partiality aligns
with.
The research conducted in this thesis assumes a position of a subordinate on
two fronts. First, the notion that engineering education is inadequate for the global
responsibilities of engineers was based on the observation of marginalized communities
in low-income countries. These communities are recognized as subordinates in a global
context. Secondly, from a position of a student (subordinate), the ideas created from
the research inspire further challenges to the structure of nationally-accredited and
well established programs of higher education.
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However, the subordinate position assumed in challenging engineering curriculum may depend on the perspective of which it is viewed. For example, from an
administrator’s perspective, my perspective is certainly subordinate to theirs in the
socially-created hierarchy. However, in some perspectives, my perspective may be
viewed as an insider and to them, a superordinate. Considering that I have participated in a full engineering program for four years and further, have been apart of
creating, administrating and lecturing in various engineering courses at Queen’s University’s Faculty of Applied Science, I may be viewed as a superordinate within this
context. This position may therefore elevate the level of significance of the perspective
represented by this thesis.
Regardless, there still exists the possibility that “outsiders” will charge that sympathies have distorted the perspective used to observe and interpret this research.
Becker argues that there are a few methods that can satisfy these demands of social
science. First, Becker argues that the research must avoid sentimentality (which is
different than sympathy). Sentiment is a refusal of conducting complete research
because of the fear of what may be found. A researcher must take care not to
emotionally attach themselves to their studies to the point of altering or avoiding
important and relevant information. Research must meet the standards of good scientific work so that my bias does not create invalid results [64]. To avoid this, the
research presented here incorporated the perspectives of both engineering industry
and engineering academia. This ensures that what is being proposed is supported by
others and that the research was not conducted with a blind sentimentality towards
the observations in Morocco, Indonesia, and Sri Lanka.
Secondly, Becker suggests that the intricacies of the hierarchical social structure
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must be addressed. He points out that if the researcher gains sympathy with a subordinate group it is also likely that their particular superordinates are subordinates to
another level of the hierarchy. For example, in an attempt to manipulate the curriculum, a professor is a student’s superordinate, but it is also true that the professor is
a subordinate to their department head and in some sense to the school’s president.
As it was earlier mentioned, in challenging engineering programs, I may be held in
some perspectives as an insider, while in others, an outsider and a subordinate. By
recognizing the expanding relationships, one could study and sympathize with the
next level of superordinates as subordinates to avoid a bias. In this system, everyone
must contend with someone above them who may prevent him or her from doing as
they wish. The solution therefore is to view the position of the perspective in question. This solution however is unrealistic because of its infinite relationships. Becker
asserts that this solution is only viable if all of society was simultaneously studied,
which is an impossibility, thereby negating the possibility of eliminating bias.
Most importantly, Becker argues that the demands of social science may be satisfied by clearly stating the limits of the studies and the perspective that were assumed.
Dowling calls this self-analysis, “critical reflexivity”, which is the analysis of whether,
“your social role and the nature of your research interactions is inhibiting or enhancing the information you are gathering” [62]. Critical reflexivity is a self-conscious
scrutiny of the personal history of the observer and the social nature of the research.
It explicitly acknowledges the social position, political sympathies and personal histories that form the foundation of the perspective used in the research in order to
provide the reader and researcher a basis to identify where the research is sentimental
and therefore, biased. Kearns suggests that “every participant-observation situation
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is unique and that the success of the approach depends on the introspection that
the researcher takes in regards to their relationship with their research” [61]. This
provides a disclaimer of sorts, that warns the reader of the boundaries of the research
and the vantage point from which it was observed.

3.1.4

Data Collection and Transcription

John Dewey asserts that the relationship between experience and education is that,
“learning is thinking about experience . . . that is, reflective observation” [65]. In
order to ensure the educational benefit of the observational methods of research, a
personal journal was used for recording the data. The journals enabled the research
to be conducted both simultaneously (i.e. noting each experience as it happened), in
addition it provided the opportunity to more deeply and critically reflect upon the
earlier-noted circumstances.
In his research, Peterson indicated that journals were an effective method of reflectively observing. He further notes that the best practice of assigning journals for
students in experiential education systems is to have the student include an intellectually rigorous description and analysis of the experience and its relation to their own
lives. Peterson indicated that the journals used in reflective observation programs
were most effective when they attempted to move away from just narrative descriptions, i.e. this-is-what-I-did-last week, to include exploration of emotions, changes in
worldview, reflection on ethics and thoughts about how the experience influences the
way students lived. In some cases, Peterson found that programs required students
to keep two journals; one journal focused on heavy social science analysis, and the
other focused primarily on the students personal journey [65].
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In all of my experiences, journals informally combined both an analysis of personal
ideas and an objective analysis of the physical and social environment being observed.
It was important to merge the two focuses because of the inevitable overlap and
the relationship between both the personal and analytical experiences. To write
two journals would require a great deal of unnecessary contextual descriptions. For
example, while in rural Indonesia, it was often the context that initiated the deep
thinking of a greater global context. The events that took place and the people
involved, all heavily influenced my personal discovery and therefore necessitated a
collaborative description in the journal.
The Morocco, Indonesia, India and Sri Lanka journals all followed a similar format.
They were always in close proximity and were constantly used to record notes, ideas
and discussions. At the end of each day the journals were reviewed, reorganized
and more critically analyzed. Depending on the conditions of the day, the entries
would range from deeply critical, to purely observant without opinions. However,
each journal was used as a gateway into observations and experiences and to the
emotions, ideas, and perspectives that they influenced.

3.1.5

Personal Reflection

The subjective approach to research made it important to reveal certain personal,
political and ethical influences that relate to my identity and perspective. The purpose of a self-reflection is to recognize the perspective used in the research in order
to avoid sentimentality. Firstly, I am a Canadian, Caucasian, well-educated male
from a middle-class family of Scottish decent. I have a Bachelor of Science in Civil
(environmental) Engineering at Queen’s University in Kingston, Ontario, Canada.
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I was born and raised in a fairly homogeneous community of small-town factory
workers and local farmers. Hagersville, Ontario has population of 3237 people [66].
Despite heavy exposure to a particular political party (Liberal Party of Canada)
through my family, I have taken great efforts to explore the various perspectives that
exist. I do not support an idea or organizations on the basis of family tradition.
Instead, I expose myself to the various perspectives that exist and choose to affiliate
with the one that best suits my morals and beliefs. I fear the consequences of an
uninformed prejudice and am dedicated to properly educating myself and researching
my interests. In such a complicated world, I am dedicated to learning in order to
better understand what it is I believe in and why I believe in it.
I have become particularly passionate in a few topics of interest. These actions are
primarily driven by my dedication to the improvement and protection of our natural
environment and to social justice and human rights. It is to these issues that I have
aligned my ideologies. Most notably, I strive for the conservation of our natural
world. I believe that through appreciation and recognition of its importance to our
health and prosperity, all humans will naturally converge to be better stewards of
the earth. Although there are many techniques to promote conservation, I believe in
the principles of biomimicry, which uses nature as a model, measure and mentor to
inspire designs for human problems. The principles of biomimicry support a system
of living that recognizes that the secrets to survival and true sustainability exist in
the natural world. The continual failures of human technologies only compound the
realization that we are a young species on this planet trying to find equilibrium - an
equilibrium that nature has arguably already found.
During my university undergraduate degree I participated in several over-seas
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projects, placements and trips that have all influenced my perspective. I was fortunate
to spend time in Europe in 2002, Morocco in 2003, India and Indonesia in 2005, Costa
Rica in 2007 and Sri Lanka in 2005 and 2008. Each excursion had various focuses and
purposes, but each one helped identify and conceptualize some of the opinions that
are presented in this paper. Each experience has influenced how I have continued
to educate myself and how I now perceive the relationships between local and global
problems.
Each of my international experiences amplified the appreciation that my parents
helped instill in me for Canada’s natural environment. Although my upbringing
helped identify my passion for environmentalism, my experiences abroad solidified it.
My parents ensured that my siblings and I were deeply rooted with respect for the
natural environment. They were adamant about discovering Canada using traditional
techniques –which itself is a life-long process. We camped, skied, cycled and paddled
a significant portion of Ontarios wilderness and extensively traveled across Canada.
These trips, along with the education I received from my fathers farming background,
instilled in me a deep respect for the necessity and beauty of our natural world.
Both my trips abroad and my environmental influences inspired me to work
towards implementing new learning strategies for engineers and a curriculum that
more significantly emphasized issues of environmentalism or international relations.
Through my passion for education, I participated in various educational reforms at
Queen’s University, including the recent Queen’s University Civil Engineering program development (in 2005/2006) and an organization called Students for Engineering Education Development (SEED), which was used as a consulting group between
students and professors as to the success of classes. As well I organized, administered

CHAPTER 3. RESEARCH METHODS AND METHODOLOGY

51

and lectured a first year engineering course in Queen’s Faculty of Applied Science
called APSC 190: Professional Engineering skills for the 2006/2007 and 2007/2008
school years.
Spirituality, I most notably associate with the theology of Christianity but am
skeptic of established institutions of organized religions. There is no particular doctrine that dictates my beliefs and therefore no denomination of religion that solely
guides my ideas and actions. Rather, I believe in simple-living, in peace and social
justice and in love for community. Despite the complexities of faith in a God, my
passion of our natural world keeps me content in a faith of something greater than
us.

3.1.6

Data Sources

The most influential of the international experiences with relevance to engineering
educational reform were in: Morocco, Indonesia, and Sri Lanka. Although everything
experienced was influential to a certain degree, these specific experiences contributed
to the perspective on engineering education. Recognizing the impossibility of describing or noting each influential aspect of each trip, this section outlines major methods
and circumstances. A broader, more in-depth picture of the ideas and influences are
represented in the journals, which were daily logged during the time.

Morocco
June 15 July 24, 2003

Morocco was my second intercontinental experience, first exposure to Africa and
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first immersion in a place as a visible minority. Under the organization “Global”,
thirteen university students from Canada traveled to Morocco with the purpose of
experiencing Moroccan culture. The three men of the group lived in a rented downtown apartment in Casablanca under the leadership of a Canadian-born supervisor.
The purpose of the trip was to expose Canadians to the culture and people of Morocco
through immersion.
In the first week the group met students from École Hassania des Travaux Publics
(EHTP), École Suprieure internationale de Gestion (ESIG), and Institut des Hantes
Etudes de Management (HEM). The students all spoke French and Arabic with some
knowing English. The scheduled visits to the schools were formal places to create
relationships with the locals but we were also encouraged to not limit our relationships
with students at the three schools. I made sure to meet those who did not associate
with an educational institution to allow for my interaction with a greater variety of
perspectives.
With our friends we were able to attend their graduation ceremonies, participate in
local athletic events, participate and perform in musical festivals and concerts, as well
as indulge in more traditional Moroccan culture by traveling and living with them. I
experienced aspects of Morocco as genuinely as possible, made possible through my
complete immersion.
Apart from our experiences with our Moroccan friends, Global organized trips
to Tizgui, Oudaia, Essaouira, Chellah, Amizmiz, Rabat, Marrakech and the Sahara
Desert, with the purpose of exposing us to the diversity of the country and its history.
While in Morocco I was either on these trips with the organization or dedicated
to my Moroccan friends. All of my ideas, feelings, and knowledge that were gained
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from this experience were recorded daily in a notepad. On returning to Canada, I
spent several days of reflection in Northern Ontario.

Indonesia
July 5 September 5, 2005

Dr. Kevin Hall of Queen’s University sent graduate student Whitney Szabo and
myself to Indonesia with the intention of establishing partnerships with the Institut Teknologi Sepuluh Nopember (Institute of Technology in Surabaya (ITS)) and
Udayana University in Bali. I was stationed in the city of Surabaya, in the Eastern
Province of Java Island for the majority of July and in the mountains of Bali Island
for August. While in Surabaya, I traveled to Jakarta, Yogyakarta, Madura, BromoTengger-Semeru National Park, Bali Island and surrounding areas. In August, I was
primarily stationed in the small village of Tabanan on Mt. Batukaru besides one trip
to Java Island for four days.
Bali and Java Islands are distinctively different. They represent particular cultural, historical and economic identities but are also very diverse within themselves.
My observations in Indonesia represent only a small portion of the nearly 14,000
islands that make up the world’s most expansive archipelago, Indonesia.
In preparation for my observations in Indonesia, I investigated the country’s history, climate, ecology, geography, politics, economics, population and people, prior to
departing. The purpose of this was to better understand the context of the observations.
All information (qualitative and quantitative) that was obtained during and prior
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to Indonesia was recorded in a personal journal as well in my iBook G4 Apple laptop.
Notes that were taken on the iBook were compiled in a program called Entourage
and generally related to more scientific discoveries and researched data. Notes taken
in my journal were a more critical analysis of my interpretations and observations of
my experiences.
Besides establishing partnerships with ITS and Udayana, I was also traveling
to Indonesia with the intention of establishing a topic for further research. I had
the freedom to explore topics based on my interests or in collaboration with ITS or
Udayana. I did not consciously decide any specific topic beforehand and was therefore
free to observe Indonesia without a restricted purpose. In the beginning I was only
guided by my interest in the environment and engineering1 .
From July 5th to July 12th, I lived in Wisma Flamboyan, a guesthouse on the
campus of ITS. From July 12th to July 30th, 2005, Whitney Szabo and I lived with
Dr. Haryo Armono and his family in an area of Surabaya called Sidarjo. During
these times, I was exposed to several academics and people whose perspectives were
influential and provided relevant information regarding the environment, engineering,
and Indonesia. These meetings were informal in nature in that they were directed
and motivated by questions of personal interest from both parties. The titles of some
of the individuals who participated in the informal discussions include:
• Director of ITS Language Centre
• ITS Lecturer of Offshore Engineering Department
• ITS Lecturer of Marine Engineering
1

Particularly hydrology, which was my undergraduate area of focus
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• ITS Lecturer of Hydraulic Engineering
• ITS Dean of Faculty of Marine Technology
• ITS Head of Disaster Research
• ITS Head of Postgraduate Program in Environmental Engineering Department
and International Centre
• Dean of Civil Engineering and Planning
• ITS Head of Library
During the time in Surabaya, informal and formal meetings were conducted with
students, professors, professionals, townspeople and government officials with a variety of educational backgrounds and areas of expertise. From these contacts Ms.
Szabo and I met with officials of the City Water Authority (PAM), visited public
schools, visited the Navy Port, hospitals, met victims of the Indian Ocean tsunami,
spoke with volunteers and workers for the tsunami and experienced many cultural
aspects of Indonesia. While working at ITS, I discussed and obtained documents
regarding ITS tsunami early warning systems, Brantas River research, World Water
Council for Indonesia research, a deep-sea water desalinization project, research on
the Suramadui Bridge2 , the Water Resource Management Report for Indonesia and
selected documents from Development of Coastal Management Laws. Ms. Szabo
and I also participated in a mangrove field study on Madura Island, researching the
impact of pollution on the mangroves and the mangroves’ ability to protect and dissipate wave energy. I also participated in formal presentations on city water issues, on
2

Indonesia’s longest bridge connecting Java Island to Madura Island across the Madura Strait
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the Indian Ocean tsunami3 , mangroves, Indonesia’s economic issues and Indonesia’s
international relations.
Surabayan people spoke predominantly Bahasa Indonesian, which is the only registered official language of the country, however each province and village had their
own dialect. English was not predominantly spoken or written in Surabaya but was
still present enough to not cause too many limitations to my research. Also, I developed a basic level of Bahasa Indonesian while there.
Dr. Armono also provided educational opportunities outside of Surabaya. While
driving to Yogyakarta, we followed the Brantas River while stopping at several dams
and speaking with government officials. In Yogyakarta, we toured many areas of cultural importance4 , met with professors and students at Gadjah Mada University and
visited the Coastal Lab that belonged to the Agency of Assessment and Application of
Technology. We also participated in the 2005 International Conference on Integrated
Sediment-Related Disaster Management, which had 185 Japanese representatives and
176 Indonesia representatives from government, industry and academia. This conference commenced with a dinner at the Sultans Palace, where we met with very
high-ranking government officials and academics from both Indonesia and Japan.
In August, I lived independent from Ms. Szabo in a community in Tabanan on
the island of Bali. Situated on Mt. Batakaru, I lived with Mr. Norm van’t Hoff (an
Australian expatriate) and his partner Mrs. Linda van’t Hoff (a New Zealand expatriate) in their mountain lodge called, Sarinbuana. Sarinbuana was based on organic
farming techniques, green technologies, and general environmental stewardship [67].
3

The presentations included developments of an early warning system, temporary shelters that
were designed and delivered to affected areas by ITS, as well mangrove protection capabilities against
the tsunami
4
We travelled to Borobudor and Mendut Temple in Mungkid village and to the south coast
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Here, I was immersed in a community that was much different from Surabaya, and
with a family whose lifestyle and passions were inspirational. Every day here was
spent studying the van’t Hoff’s literature, teaching their children, being taught by
their children5 , observing the local community, or following Mr. van’t Hoff to job
sites in Kuta, Denpasar and West Bali National Park.
Mr. van’t Hoff is an inventor, farmer, entrepreneur, environmentalist, philanthropist, and influential scientist. He is a trained Permaculture6 teacher, founder
of the Environmental Management Consultant group, contributor to World Business
Council for Sustainable Development, board member of Bali International Consulting
Group (BICG) and is associated with many other community projects and groups.
He invents environmental protection technologies, promotes environmental practices
and works with large companies, government organizations and local town people to
promote, preserve and protect the natural environment. Besides the work with his
environmental company (Environmental Management Consultant Group), Mr. van’t
Hoff was in the process of working with school boards for environmental education,
with the UN on wastewater treatment systems in Banda Aceh (tsunami affected area),
and with the Indonesian government on chemical-free mosquito control. He had an
office in Kuta but used his mountain home as a place to entertain and educate clients
and guests.
A particular guest that I engaged with a great deal was Dr. Rob Goodfellow, a
5

Osca (9) and Larz (12) had a deep-rooted respect and knowledge of natural science and profound
recognition of their natural habitat
6
Permaculture is the conscious design and maintenance of agriculturally productive ecosystems
which have the diversity, stability, and resilience of natural ecosystems. It harmoniously integrates
landscape and people and provides their food, energy, shelter and needs in a sustainable way. The
philosophy of permaculture is one of working with, rather than against nature and of looking at
systems and all their functions rather than yielding them in only one way [68].
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consultant in the field of cross-cultural risk management. As a specialist in Indonesian history and culture, Dr. Goodfellow had written many articles, been published
in many journals and authored over a dozen books. At the time, he was involved
with an Australian humanitarian aid agency (Australia CARE) as a special advisor.
Some past clients of Dr. Goodfellow included former Indonesian President Megawati
Sukarnoputri, the Sultan of Yogyakarta and former Australian Prime Minister Paul
Keating.
Mr. van’t Hoff’s meetings at the lodge were beneficial for my observation research.
Guests of the village were approachable and always willing to converse with me. Each
night Mr. van’t Hoff, his family, or his guests and I would discuss important issues,
which I would record on scrap paper to later transcribe into my journal in more detail.
Each person I engaged with had incredible insight and knowledge that helped me to
form the direction of my future research and its relevance to engineering education.
The environment of these discussions was also very influential. Located in Bali’s
only rainforest, the Sarinbuana lodge uniquely blended human habitat and nature.
There were two guest huts, one common building and Norm and Linda’s home.
Built with the principles of Permaculture, the buildings were spaciously interspersed
throughout the hills, with minimal environmental footprint and surrounded by organic gardens. Figure 3.1 is a picture of the landscape of Sarinbuana lodge.
Everything at Sarinbuana was composted or reused, including wastewater, which
was diverted to a wastewater garden that grew banana plants and is shown in Figure
3.2. All the buildings were made with local materials and by local labour. The
common building was where most discussions took place and was a one-room area,
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Figure 3.1: A view of one building of the Sarinbuana eco-lodge.

situated to look over the valley of the rainforest.
The nearest village was generally represented by the common playing field just
a few kilometers from Sarinbuana as shown in Figure 3.3. At the football pitch,
we met, played, and celebrated with the villagers. During their 50th anniversary of
Independence, I was able to participate in inter-village volleyball matches, traditional
dances and other celebrations. Around the football pitch were buildings and local
vendors. The construction and upkeep of this common area was supported by Norm’s
involvement with both the United States and Australian Aid programs, US Aid and
AUS Aid.
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Figure 3.2: Wastewater garden at Sarinbuana lodge [69].
The van’t Hoffs’ involvement in the community is significant. Since arriving in Tabanan over fifteen years ago, the van’t Hoffs have raised $30,000 (USD) through AUS
Aid to benefit the local community by establishing protection of over 800 Hectares
of the Mt. Batukaru Rainforest and creating programs to promote environmental
stewardship. The van’t Hoffs were well integrated into the community and was well
respected by the natives [67].
To conduct other aspects of research, I accompanied Norm to his office in Kuta
and attended meetings with two clients in Denpasar and the West Bali National Park,
near Labuhan Lalang. My participation was very limited in these trips as my motive
was to observe Norm’s professional work and the way the Indonesians reacted to his
ideas.
While accompanying Norm to his office, I was also able to meet Mr. David Booth,
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Figure 3.3: Tabanan community football pitch where community events took place
[70]
who is the founder of a very influential NGO in Bali called East Bali Poverty Project7
(EBPP). Mr. Booth left his engineering job in England to find (what he perceived as)
the most financially poor village in Bali to establish EBPP. I conducted an interview
with Mr. Booth at his office in Denpasar, Bali. The general topic of discussion
was his work in Bali, his motivations for coming and his interest in my thoughts on
educational reform for engineers. Following the discussion, I obtained several pieces
of literature on his project and spent time reflecting in my personal journal.
For the week of August 22nd to August 26th, I returned to Java Island for a
one-day estuary conference in Jakarta. Academic and government representatives
from Japan and Indonesia presented their research on issues pertaining to estuary
7

In honour of his work Mr. Booth received Membership to the Order of the British Empire
(BME)
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degradation in Indonesia. The most prevalent topic of interest pertained to a Japanese
technology for restricting the flow sediment to estuaries, called Sabo dams.
Leaving Jakarta I returned to the Armono family, and also spent time in a different
community with another ITS lecturer, Pabak Artano. His family of five presented a
very different lifestyle than the Armonos in that they were Balinese, were of a different
faith and lived in less affluent circumstances.
On August 26th and 27th, I traveled with Haryo Armono, his son Ahdmad and
Whitney Szabo to Bromo-Tengger-Semeru National Park. After this trip, I returned
to Bali and spent several days observing the impact of tourism in the very popular
city of Denpasar. In Denpasar, I focused specifically on perspectives of the locals and
the impact of tourism on traditional Balinese culture.
After Denpasar, I spent the remainder of my time on Mt. Batukaru with the van’t
Hoffs and returned to Canada on September 5th, 2005. Throughout my trip I had
also collected several local newspapers and read as much local literature as possible.
Similar to my Moroccan experience, upon returning home, I spent two days in
self-reflection, analyzing the impact of the preceding experience on my life and my
thesis.

Sri Lanka
November 24 December 4, 2005

As Queen’s representative, I traveled to Ruhuna University in Matara, Sri Lanka,
to participate in writing a proposal for a Canadian International Development Agency
(CIDA) grant for affected areas of the December 2004 Indian Ocean tsunami. The
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purpose of the trip was to develop the full proposal for submission to CIDA. The
proposal included the general intentions of the project, a projected timeline of its
application and estimated costs. The project “Restore” was a collaborative effort
initiated by academics in both Canada and Sri Lanka. From Sri Lanka, members from
Ruhuna University, Eastern University and South Eastern University partnered with
members from University of Guelph, University of Waterloo, University of Manitoba
and Queen’s University in Canada. The lead institutions were Ruhuna University
in Matara, Southern Province of Sri Lanka and the University of Guelph in Guelph,
Ontario, Canada.
Prior to my arrival, Dr. Jana Janakiram from Guelph University conducted an
extensive research project that established specific areas and local people who would
collaborate on the project. In May 2005, questionnaires were given to various households in the districts of Matara, Ampara and Batticaloa to collect baseline data for
the “Restore” project. These three districts were specifically chosen because they
represented the three distinct linguistic/religious people of the country, namely the
Sinhalese, Tamils and Muslims. The meeting in November and December of 2005 was
used to then move forward on the results from the prior research.
On November 27th, 2005, David Wood from the Faculty of Environmental Studies
at University of Waterloo, Dr. Janakiram and myself traveled from Colombo to
Ruhuna University. A personal driver transported us through the regions affected by
the 2004 tsunami and stopped several times to allow us to observe the damage and
communicate with the local people and aid workers.
The workshop took place at Ruhuna University from November 28th until December 2nd, 2005. In attendance were representatives from many faculties of Ruhuna
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University as well as delegates from Eastern University and selected NGOs. Members from Southeastern University and various other NGOs arrived on November
29th. Project co-directors, Dr. Ranjith Senaratne and Dr. Jana Janakiram expected
that all in attendance would collaborate and partner throughout the projects proposal
and implementation.
Day one of the workshop was allotted to presentations on issues that had been
established as local priorities from the May 2005 results. On this day, there were
presentations on:
• Coastal Fisheries, Coral Reefs, Aquaculture and Alternate Livelihoods
• Agriculture and Environment
• Disaster Response
• Industrial Sector
• Eastern University
• Hambantota Chamber of Commerce
• Sri Lankan Centre for Development Facilitation
On November 29th, the presentation portion of the workshop was concluded with
presentations on:
• Assessment of Coastal vegetative Damage
• Gender Equity
• Maureen Forrester Intern in Sri Lankan department for World University Service of Canada (WUSC)
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• South Eastern University
The following days were spent working with all participants in establishing budgets
and timelines for specific aspects for the project. For example, Udeni Nawagamuwa,
from Ruhunas Faculty of Engineering, and myself, were drafting the engineering portion for the project. Specifically, we created the budget and timeline for an early
warning system and water treatment systems.

Costa Rica and Montana

My experiences in Costa Rica and Montana, U.S.A., had very different motives
than those of the observation research in Morocco, Indonesia, and Sri Lanka yet provided influential evidence that supported the research in this thesis. Similar to the
results of the observational research, these experiences provided information that was
necessary in helping determine some of the necessary changes to engineering education. The workshops helped provide an appropriate paradigm to adopt for sustainable
international development.

Costa Rica
April 14 April 22, 2007

The Biomimicry Guild, based in Helena, Montana, U.S.A, held an educational
workshop near Uvita, Costa Rica. Open to the public, 22 business people, students,
engineers, and volunteers from eight different countries attended the workshop at the
La Cusinga ecolodge.
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Three representatives from the Biomimicry Guild (including the author of the
book, Biomimicry: Innovation Inspired by Nature, Janine Benyus) delivered a fiveday intensive course on the principles of Biomimicry. The other leaders of the course
included three trained Biologists (two from America and one from Costa Rica) and
three representatives from the Biomimicry Guild. The course combined lectures and
activities that incorporated the natural environment.
The location of the course was purposeful, in that Costa Rica is one of the most
naturally diverse countries in the world. Classes were conducted in a rainforest reserve
adjacent to the Ballena Marine National Park, which is a common breading ground
for humpback whales and sea turtles. The lodge is dedicated to marine and terrestrial
conservation and provides many educational opportunities. They take pride in their
ethical choices, such as hiring local people, using local material and setting precedents
in environmental protection.
Similar to my observational research, I maintained a personal journal to record
my ideas and lessons-learned from each day. Further, the Biomimicry Guild provided
a workbook that was used throughout the course.

Montana
July 10 July 13, 2007

On Flathead Lake, Montana, U.S.A., I was invited to a workshop with the Biomimicry
Institute. The Institute is specifically dedicated to educational reforms and is an affiliate of the Biomimicry Guild.
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Held at the University of Montana Biological Station, 22 invited guests from various North American educational institutions joined representatives from the Biomimicry
Institute8 to share and brainstorm ideas and directions for the Institute to take.
This workshop provided the opportunity to see how Biomimicry has already been
implemented within curricula and provided new contacts for my work. I was also able
to express my interest in including biomimicry in curricula focused on international
development issues and engineering.

3.2

Secondary Methodology

In order to validate the opinions and ideas that were developed during the observation
research conducted for this thesis, various perspectives from this experience were
incorporated to determine whether engineering education needed a more holistic and
socially-conscious approach with international considerations.
The literature review was based around three arguments: that engineering problems are evolving and require new skills, that international development and relief is a
major concern for future engineers and that students are becoming increasingly more
socially and environmentally conscious with regards to international development.
Although very little research has gone into particular engineering programs such
as Humanitarian Engineering, national studies, educational journals, United Nations
documents and various other studies from internationally recognized organizations
were used to analyze the three main arguments.
8

The workshop was organized and run by five members of the Biomimicry Institute but was also
attended by the co-founders of the Biomimicry Guild, Dr. Danya Baumiester and Janine Benyus.

CHAPTER 3. RESEARCH METHODS AND METHODOLOGY

3.3

68

Tertiary Methodology

Engineering forums and questionnaires were provided to Queen’s University engineering students. Also, a specifically created module and project in a first year Applied
Science course at Queen’s University called APSC 190: Professional Engineering Skills
was used to address the needs of engineering education. Observation of an annual
Engineers Without Borders conference in 2006 was also incorporated in the research.
Finally, student enrolment from APSC 190, from Queen’s University’s Global Development Studies program, International Development programs from other schools
across Canada and a number of student-initiated school groups that dealt with development and relief were researched to better understand the interest that students
demonstrate in learning and discussing the topics of international development and
relief.

3.3.1

Forums

Students from Civil Engineering, Mechanical Engineering, the First Year (general)
program, Chemical Engineering and Geological Engineering were invited to participate in forums with Ph.D candidate Jonathan VanderSteen and myself regarding a
proposed Humanitarian Engineering program in Queen’s Faculty of Applied Science.
Open invitations were sent out by email to the respective engineering departments
prior to their forum and posters were hung in their buildings. An example of the
posters can be found in Appendix A. The posters provided only necessary information, i.e. date, place and topic of the forum, and were used to attract a wide range
of participants.
There were five organized forums held for the individual disciplines on March
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8th, March 22nd, March 29th, March 31st and April 4th of 2006 of which a total
of 90 students attended. The forums consisted of a short PowerPoint presentation
on the motivation and general structure of the proposed Humanitarian Engineering
program, followed by an open discussion and a survey/questionnaire for the students.
The survey will be discussed in further detail in a later section.
The presentation outlined the basic principles and goals of Humanitarian Engineering and the proposed structure of the program. The final four slides served as
the basis for the group discussion.
Discussion A asked the purposefully vague question: What are your biggest concerns with the proposed Humanitarian Engineering program? This question was
used to provoke participants’ initial reactions and expose any obvious and initial
weaknesses of the program.
Discussion B was based around three related questions: What skills do you think
are necessary, which courses would provide/introduce these skills and which courses
are relevant to this option? This discussion was used to understand the skills and
courses the students thought would be most appropriate for a course in international
development for engineers. Developing the analysis further, this discussion provided
a general understanding of the level of awareness the participants had on topics of
engineering in international development and relief.
Discussion C was based particularly on a work placement aspect of the program
in a marginalized community. Because it was thought that the project was very
appealing to students, but also very difficult to organize and plan, this was an important topic to discuss. It was used to gauge students’ interest in incorporating
service-learning as a curricular requirement.
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The final discussion portion, Discussion D, was based on the name, Humanitarian
Engineering because of existing concerns that the name implied that not all engineering disciplines are “humanitarian”. We wanted a name that identified the purpose of
the program and distinguished it from other disciplines in engineering.

3.3.2

Forum Analysis

After each forum, Jonathan and I would spend time reflecting and writing individual
thoughts on the discussions and general themes of each forum. Later we would collaborate our thoughts and discuss discrepancies and similarities. The thoughts were
all recorded in my iBook G4 Apple Laptop.

3.3.3

Forum Questionnaire

At each forum the students were given a two page questionnaire created by Jonathan
VanderSteen and myself. The questionnaire consisted of the students’ year of study
and four general questions. The questionnaire is found in Appendix B.
Each question varied in length and/or type, but all were relevant to the Humanitarian Engineering program. The layout of the questionnaire was purposefully short
and consisted of questions that varied in importance, i.e. placed into groups of: must
know; useful to know; and nice to know. While creating the questionnaire, there
were several important considerations that were noted. First, the questions had to
be relevant to the demographic. For example, knowing that we were addressing undergraduate engineering students, the first question asked about duel degrees and
electives that are only available to undergraduates. This question was used to understand whether students were a part of a broader curriculum or were interested in
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expanding their engineering education.
Another consideration was the length of the survey and the types of questions
used. Knowing that the questionnaires were likely to be filled out during or after the
forum, the survey had to be quick and easy. To meet these needs, both open-ended
text questions (question one and two) and multiple-choice questions (question three
and four) were used. The open-ended questions allowed the participants who wanted
to voice a well thought out answer to do so. These two questions were categorized as
“nice to know” because of the possibility that those students who were uninterested
were likely to skip them. Also, placing them first made it more likely to receive
answers from those who would usually not be inclined to do so.
Questions three and four were categorized as “must know”, or “useful to know”.
These questions were multiple-choice, and therefore easier to fill out, to ensure that
all students would be more inclined to fill them out.
A third consideration was the logic and order of our questions. The questions generally followed a chronological thought pattern. The first two questions were based
on present conditions. We asked about the organizations and curricula that suited
students’ interests at the present time. The next question was directed towards the
future idea of an educational program, i.e. Humanitarian Engineering. In the final
question we inquired about their intentions of becoming a professional engineer. This
final question was geared towards the future. This logic helped avoid redundancies
which would deter students from completing the survey and allowed us to understand their current and projected interests as engineers and as possible students of a
Humanitarian Engineering program.
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Consideration of the demographic of our participants, the length and type questions used, the logic of our questions and the layout of the survey, encouraged all
students to respond fully.

3.3.4

APSC 190: Professional Engineering Skills

In the fall of 2006, Dr. Kevin Hall was given the task to redesign a first year course in
the Faculty of Applied Science at Queen’s University, called APSC 190: Professional
Engineering Skills. I was hired to help develop, coordinate, administer and lecture
this course, which provided an ideal platform for initiating and implementing holistic
and socially-conscious engineering approach within first year curricula.
The course was mandatory for the 540 first year engineering students at Queen’s
University. For the first semester the students participated in a semester-long assignment that was completed through correspondence. The second semester consisted of
a one-week intensive course followed by a six-week, in-class project. From January 8th
to January 12th, 2007 the students took part in ten, three-hour modules that were broken into morning (9:30 - 12:30) and afternoon (13:30 - 16:30) slots. The students were
placed into ten groups of 54 students and circulated through the ten module topics titled: Engineering Profession; Population and Public Health; Competency Awareness;
Legal and Liability; Sustainability; Equity; Ethics; Cultural Awareness; Inclusivity;
Humanitarian Engineering. The modules included both lectures/presentations and an
activity and discussion component. Only the Inclusivity module provided the greatest
variation in this structure. In this module we invited the President of the Professional
Engineers of Ontario, Patrick J. Quinn, P.Eng to speak as a guest lecturer.
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For the first week, there were ten hired Teacher’s Assistants (TAs) who simultaneously taught the Engineering Profession, Population and Public Health, Competency
Awareness and Legal and Liability modules over the first two days. After these sessions the TAs were assigned to one particular module which the student groups of 54
would rotate through. Following the first two days, MSc. Eng. candidate Imran Ali
and I conducted the module on Humanitarian Engineering.
The Humanitarian Engineering module was used to introduce the issues of poverty
and marginalization and was focused heavily on issues of human rights. The presentation of this module focused primarily on problems of poverty, symptoms of poverty,
intricacies of international development and relief and the role that engineering skills
may have in these contexts. It was generally viewed as an introductory course. The
discussion section included topics on the impact of aid and relief programs, on the
perceptions of engineers working internationally, on Canadian marginalization (specifically the water quality crisis of the Cree First Nation community in Kaschechewan
in 2005), the World Trade Organization and electronic waste disposal.
For the project aspect of APSC 190, the students selected a project preference
from two hypothetical scenarios that were presented on the course website. The
projects were loosely identified as a “technical” or “humanitarian” project and were
intended to appeal to students interested in mathematical problems in a Canadian
context or students interested in a project for a developing country. The descriptions
of each project are presented in Appendix C.
After selecting their preferred project the students were divided into groups of 11
to 15. In their groups they participated in six different weekly activities with six different deliverables that all related to the ten modules that were discussed in week one
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of second semester. The deliverables included group work, individual work, simulated
City Hall meetings and a poster presentation. For the project, I was personally in
charge of six separate groups with a total of 77 students.

3.3.5

190 Extra Curricular

In order to continue the discussion that the APSC 190 Humanitarian Engineering
module and project initiated, Mr. Imran Ali and myself provided a biweekly discussion group that was designed strictly for first year engineering students.
Mr. Ali and I met with 10-20 students biweekly in the library of Ellis Hall, at
Queen’s University. Prior to each session, a short journal article dealing with the
topics of engineering and development was distributed. The meetings were initiated
by summarizing the article then discussing preconceived questions that someone (presumably, the person who sent out the paper) would provide. However, the article and
the questions were used to initiate the discussion. These discussions were used to
further student interest in engineering and international development and support
the students who were passionate about discussions of related issues.
It should be noted that from these discussions, a new student-lead group called
Queens Humanitarian Engineering and Appropriate Technology (QHEAT) was initiated. QHEAT is currently in its first year of an approved campus organization and
intends to create a nation-wide design competition that focuses on technologies specific to issues of development and relief for marginalized communities. It is are also in
the process of providing education and awareness opportunities on campus for other
engineers.
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APSC 190 Data Collection

There were two methods for collecting data in APSC 190 regarding the Humanitarian Engineering program at Queen’s University. The first was to use observation
techniques and the second was to use questionnaires.

3.3.7

APSC 190 Observation

The design of the APSC 190 course ensured that every first-year engineering student
participated in the Humanitarian Engineering module. It also allowed interested
students to engage further in the discussion of humanitarian engineering in the project
aspect of the course and the extra-curricular discussions that took place. These
opportunities provided the environment to engage with the students and discover their
level of concern and understanding of issues relating to engineering for development
and relief. During the time with the students, important observations were recorded
in a personal notebook.

3.3.8

APSC 190 Questionnaire

In order to identify any necessary improvements to APSC 190, a two-page questionnaire was handed out to each student in March 2007 (during the last week of APSC
190 projects). MSc. Eng. candidate and APSC 190 Teacher Assistant, Ryley Beddoe
and I designed the questionnaire. It consisted of ten open-end text questions and is
provided in Appendix D.
The questionnaire was created with an introduction that explained the intent of
the questionnaire as well an assurance of student anonymity. Questions one to seven
were specific to the first-week modules and questions eight to ten were specific to the
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project aspect of APSC 190. We chose open-ended text questions because the questionnaires were handed out during a period that was designated for the questionnaires
and thus, provided a sufficient amount of time to participate. We also wanted more
information than multiple choice type questions could provide. We always asked reasons for their opinions because it helped us understand specifically what they wanted
to improve or keep in the course. The open-ended text questions were used to deter
students from making thoughtless statements that were not constructive criticisms.
Although the APSC 190 questionnaires were designed for the purpose of improving
APSC 190, they indirectly provided very valuable feedback for a proposed Humanitarian Engineering program. Considering this, the questionnaires were analyzed with
two perspectives. For the research of this thesis, all the comments that were relevant
to the Humanitarian Engineering program were documented in a personal notebook.
All questionnaires that were returned were filed.

3.3.9

Other Methods of Research

In analyzing the trends of engineering education and the interests and ideas of engineering students, research was conducted through observation and discussions in
many other informal and formal circumstances. During the time of research there
were many conversations that pertained to the interests of this thesis and therefore
applicable to the proposed Humanitarian Engineering program at Queen’s University.
However, in all the discussions surrounding Humanitarian Engineering the National
Conference for Engineers Without Borders (EWB) in Calgary, Alberta in January
2007, was most significant.
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Four days were spent engaged with hundreds of Canadian students and business people passionate about engineering and development. During the conference,
workshops on poverty, appropriate technologies, gender issues were attended, as well
keynote addresses from eight very distinguished speakers. The eight invited speakers
were: the President of University of Alberta, Dr. Indira V. Samarakekera; Assistant Regional Officer for the National Council on Women and Development from
the Northern Region of Ghana, Adisa Lansah Yakuba; Governor General of Canada,
Michaelle Jean; Co-CEO and Co-founder of EWB, George Roter; Vice President of
Safety, Environment and Social Response of Nexen, Dr. Randall Gossen; President
of International Development Research Centre (IDRC), Maureen ONeil; Executive
Director of Oxfam Canada, Robert Fox; and the Vice President of J.W. McConnel
Foundation, Tim Brodhead.
During the experience in Calgary many one-on-one discussions with students, business people and keynote speakers took place. For each day, I used similar methodological approaches as I did in Morocco, Indonesia, and Sri Lanka, i.e. uncontrolled
observation. Also similar to my observational research abroad, I recorded my thoughts
in a notebook both during the conference and at the end of each day. I used two notebooks to record my notes because they provided different approaches to analysis. The
notebook used during the day was used to record things as they happened and therefore provided less in-depth analysis than that of my personal reflective notes created
at the end of the day.

Chapter 4
The Changing Landscape and
Changing Needs in Engineering
Engineering is a profession with significant responsibilities. As a result of an everchanging world, engineers must continually evolve their knowledge and skills in order
to most effectively provide the services to meet society’s needs. The current context in which they work is increasingly international and in demand of more socially
and environmentally conscious engineers who can understand of the intricacies and
vastness of applying technology in a global context. The following research provides
heavy indication that the current engineering curriculum in Canada does not properly
prepare engineering students with the skills and attitudes necessary for their future
working environment.
The first section of this chapter presents inspiration and opinions that were gained
from personal observational research in three international contexts: Morocco, Indonesia and Sri Lanka. From observing the conditions of these countries with a
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perspective of a recent engineering graduate, it became evident that engineering education may be inadequately preparing engineering students for the level of social
and environmental consciousness that is necessary for engineering in an international
context.
In order to determine whether engineering education reform was both supported
and warranted, the next section of this chapter examines various perspectives that are
relevant to engineering education, specifically, representative perspectives from engineering industry and engineering academia. This section uses research from three national academies of engineering, studies from engineering industry, academic studies,
non-academic opinions and academic opinions to provide support to the observations
that were outlined from studies in Morocco, Indonesia and Sri Lanka. This section
examines how industry and academic perspectives perceive the future of engineering
industry and the skills and attitudes that are required to best suit the changes.
The final section examines the perspective of students. The research in this section
includes enrolment records of engineering programs and the quantity and types of
student-initiated groups that focus on issues relating to international development
and relief, such as Engineers Without Borders. This section also examines surveys and
observations of a module and project of a first-year engineering course called, APSC
190: Professional Engineering Skills at Queen’s University. The module addressed
engineering in a context that deals with issues of international development and relief
for marginalized communities and focused on putting the social and environmental
consequences of technology as the key constraints to the design procedure.
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Personal Perspective: Observational Research

During my undergraduate education, and immediately following it, three various
countries were experienced which had particularly profound impacts my perspective
of engineering education. This section intends to convey the most significant themes
that were extracted from my experiences in Morocco, Indonesia and Sri Lanka that
transitionally influenced my view of engineering and engineering education. Each
theme is briefly described through case studies and the methodology used for observing and recoding my experiences was outlined in the chapter Research Methods and
Methodology.

4.1.1

Morocco

A 30 km train ride from Mohammed V International Airport in Nouasseur to Casablanca,
Morocco painted a vivid image for my first experience of an African nation. In 30
minutes I watched dry earth transition to farms, transition to slums, transition to
a city that reflected obvious colonial influence. Stepping off the train my culture,
wealth, language, history and theological interpretations seemed to solidify my existence in Morocco as an outsider. As soon as I had arrived, it seemed that Morocco
was as instantly curious of me as I was of it. It was immediately evident that this
context was both remarkably different than Canada, yet at the same time showing
obvious signs of Western assimilation.
In Morocco, there were many experiences that significantly influenced the way I
thought of myself and my country but my time in Morocco also helped me grasp the
realities of poverty and the pervasiveness of globalization. By definition, globalization is a process that impacts almost every aspect in life including politics, culture,
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education, religion and the family through the sharing of ideas, services, goods, and
information across boarders and between cultures [42]. Observations in Morocco
helped me to conceptualize this definition.
In particular, poverty in Morocco was much more evident and less hidden than
Canada. Urban slums were much different, beggars were more prevalent and the
congregation of rich and poor communities coexisted in closer proximity. There were
very little physical barriers separating multi-level buildings that represented power,
influence and money, and the communities of slum-houses which represented struggle,
misfortune and poverty.
Image 4.1 was taken from a shared building near the core of Casablanca, which
was only a short walk to where hotels, shopping malls and buildings would provide
a very different perspective of Casablanca. The photo was taken while spending a
night with a family of five, who had two rooms, no furniture and who used communal cooking devices (shared within the community in the image). However, despite
their conditions, this family presented unparalleled hospitality. The most identifiable
anomaly of the experience here was that despite the absence of furniture, there was
a television and there were American programs being watched. The story of this
family, was later found to emulate the story of many other Moroccan friends, in that
their family had moved from a rural environment with the hope of providing their
eldest son, with whom I befriended, a degree in engineering so that he could leave
the country, find a job and financially provide for his family.
After befriending more students, I discovered that this was not an uncommon
strategy. During my time in Morocco, there were five separate people with whom
I accompanied to the local American consulate in an attempt to obtain a visa for
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Figure 4.1: Poverty in the downtown of Casablanca[71]
studying and working abroad. I found that for those who were unable to further
study or work abroad in Europe or North America, their next option was use their
skills to improve the city’s infrastructure, which was recognizably Western-influenced.
In Casablanca it was evident through the clothes, behaviours and material consumption of the young adults that cultural traditions were being challenged. This
became especially evident in the rural communities outside of Casablanca where tradition was very much a part of all aspects of life. Casablanca, which represents the
economic capital of Morocco, was experiencing an incredible cultural shift, which I
related to their international access and influence. In Casablanca it seemed that I
could buy, wear, eat, read and watch much of what I could in Canada, and to me
that was perplexing.
Upon reflection, I realized that despite its visible poverty, Morocco was a fairly
economically prosperous country compared to other African nations. Further, the
students I met were evidence of a cultural shift that was influenced particularly by
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the West, which seemed to perpetuate cultural homogenization. These factors evoked
the question for me regarding the impact of international relationships and more
specifically, how engineering technologies influence society through global markets. It
also made me realize the importance of understanding context for the design process.
Engineers create technologies that are meant to provide needs in a specific context,
yet due to globalization, it becomes much more difficult to assess and minimize the
unintended consequences.

4.1.2

Indonesia

The observations in Indonesia commenced immediately after obtaining a Bachelor’s
degree from Queen’s University’s Faculty of Applied Science. At this time, I had the
opportunity to freely observe and discover Indonesia. In this country, my freedom to
learn was bound only by my willingness to question.
In Indonesia, it was evident that the people suffering from poverty viewed the
world, treated their environment, and treated other people very differently due to
their priorities. In Surabaya, poverty forced people to bathe in the same river in
which untreated effluent openly flowed. In addition, I witnessed individuals share a
infant as a prop for begging in hopes that sympathy would bring them better luck
with the more affluent that drove by.
In Indonesia, I also engaged with a community where I came to realize that my
engineering program did not prepare me to be an effective engineer. Living in Sarinbuana with the van’t Hoffs exposed me to the idea that true sustainable development
is achieved when it incorporates the local social, economic and environmental circumstances. Mr. van’t Hoff continually challenged my competency as an engineer by

CHAPTER 4. RESEARCH IN ENGINEERING

84

continually engaging in conversations with me that challenged the traditional belief
that engineers need only technical knowledge.
Mr. van’t Hoff was a polymath. He continually exposed me to his competency
in astrology, biology, chemistry, farming, sociology, math, and political theory. Most
importantly he knew how to invent and how to apply what he knew in a practical
way. Despite not having a degree in engineering, he knew how to engineer and he
knew how to do it in a way that would best incorporate the environmental, social
and economic context. Norm taught me that as an engineer, who was responsible for
society’s needs, I must be in a perpetual state of self-learning. I had to continually
educate myself to become competent in the subjects beyond traditional technical
engineering. Norm knew that in order to be effective at running his environmental
company, Environmental Management Consultants, he had to know more than science
and math.
In Indonesia I also observed many examples of where engineers showed negligence
of the holistic nature of their profession. For example, at both the International Conference on Integrated Sediment-related Disaster Management (ISDM) in Yogyakarta,
hosted by the Ministry of Public Works, and the Japan-Indonesia Estuary Workshop
in Jakarta, there were presentations on a Japanese technology called Sabo dams1 .
Despite the overwhelming acceptance and praise of these dams at these conferences,
they were an ideal case of how engineered solutions could have unintended social and
environmental consequences.
1

Sabo dams are sediment-retention technology that is implemented to protect lives, property, and
facilities from sediment outflow (typically volcanic eruptions). The dams are built in the upstream
areas of mountain streams as a bar to the flow of sediment and come in a variety of shapes, with many
having vertical slits allowing controlled releases of sediment downstream. The collected sediment
can then be mined for use in concrete and construction materials [72].
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The excitement and general acceptance of the Sabo dams at the conferences convinced me to temporarily believe that the Sabo dam was doing the job it was designed
to do. That is, it was reducing destruction downstream from sediment flow. However, while visiting University Gadjah Mada in Yogyakarta, I engaged with someone
of a very different perspective. Dr. Ir. Agus Maryono is a river engineer at Gadjah
Mada and had done research on Sabo dams in Indonesia. He provided a few examples
of research that showed typical environmental and social effects of the dams. Ecologically, he explained the Sabo dams are impenetrable for large boulders, however,
these these boulders are critical for both fish habitat and for maintaining the energy
(flow) of the river. He said that manipulating the natural sedimental flow of the
river causes unnatural changes to these mountain tributaries. The topography of the
rivers were generally very steeply sloped and therefore generally fast moving and by
restricting sediment that would otherwise naturally dissipate energy means that these
rivers were more likely to meander and cut new paths and flow with higher volumes
and velocity, which could cause flooding and more erosion. He explained that these
technologies were designed too conditionally and dealt with disasters which needed
immediate fixes; they were designed without proper analysis of future environmental
and social consequences [73].
In another example, Agus Maryono presented the effects of an upstream Sabo
dam from the coastal community of Rencana Sudetan Citandui. He said that the
town is adjacent to an estuarial lagoon, which was rapidly shrinking from scour due
to a lack of sediment transport. The consequential effects of this scour was that
the lagoon was depleting and losing its natural ability to filter and clean the polluted
water from the village, as well this process was reducing fauna used for food. Further,
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the scouring had become so bad that many farmers and townspeople had needed to
relocate. The government’s solution to the whole problem was to completely divert
another river - that would supply this estuary with 75 percent of its water and 75
percent of its naturally transported sediment - directly into the ocean in hopes that
the lagoon would rebuild itself without the increased flows created from the Sabo dam.
However in this proposal, there was already concern that the farmers who depended
on the downstream portion of this river for irrigation would not have enough water
for their crops. Agus Maryono was not only concerned about the farmers but also the
unintended consequences this would have to the local biodiversity and fish populations
which many coastal fisher-people depended on for food and money. Agus Maryono
explained that rivers have a natural way of solving their problems and that they
should not be manipulated for our benefit [73].
The Sabo dam was an example of the many factors that need to be addressed
before implementing an engineered solution to a given problem. As well, it was a
great example of the importance of incorporating social and environmental impacts
into a design. The Sabo dams exemplified the complexity of solving serious problems
in a highly complex world.
Another example of the importance of contextual engineering was observed when
meeting with United Kingdom engineer, David Booth, founder of East Bali Poverty
Project (EBPP). In 1999, Booth left a comfortable life in England to find the most
impoverished Balinese village with the aim of providing relevant education, health
care and basic infrastructure. Upon leaving England, Booth was certain of only
two things: he said, that he must live full-time in the community and that the
community must be full participatory partners in wanting to help themselves. He
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chose an area of roughly 11,000 people in 19 hamlets of Desa Ban and conducted
a survey to prioritize the needs of the community. The survey concluded that the
people prioritized the issues of improved nutrition, hygiene, sanitation, reliable access
to water and healthcare.
By 2005, the EBPP had seen significant improvements, which were published
monthly in “up.date”, a journal of British Chamber of Commerce in Indonesia.
Booth’s story was a great inspiration as to how engineers could be tools of benefit for the world’s most pressing problems and for meeting human’s basic needs. It
was also a case study of the importance of understanding the context of a situation
before working in it. Mr. Booth knew immediately that he had to live where he was
going to apply his skills and that he had to be dedicated to the people with whom
he was to work with. He knew that a good project cannot be done alone and that
he needed the help of those who his intentions were going to ultimately impact. The
EBPP was an inspiration as to what engineers could really do for society and the
importance of knowing the context in question [72].
Finally, Indonesia provided a deeper appreciation of our natural environment. By
spending time learning about Permaculture and discovering the ways in which nature
and humans can harmoniously coexist and benefit each other, it became evident that
the natural world is not only important to conserve, but it also provides humans with
many services. Observing the diversity of Bali’s rainforest, as well the van’t Hoffs’
wastewater garden system, I observed how simple adjustments can help drastically
reduce our impact on our surrounding environment and how nature might be used as
a tool for engineers. Despite an engineer’s impact on the natural environment, my
personal engineering education was completely void of any introduction to biology or
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the natural world, thus perpetuating the idea that it was peripheral to engineering
design.
The Tabanan community depended more on their local environment than on imported goods and were therefore much more conscious and aware of the energy and
environmental impact of their livelihoods. They lived more simply than their neighboring tourist destination, Denpasar, but at the same time very happily and sufficiently. As well, I was humbled by the knowledge that Mr. van’t Hoff’s children, Larz
and Osca, had for their natural environment. As an engineer who should understand
the environment in which I work, these kids knew far more about the natural environment and the potential value it provides. They could name everything in their
forests, what was edible, what was dangerous and what would be useful for humans.
Upon reflection, Indonesia helped me realize that there is far more to engineering
than I was trained for or inspired to investigate during my education at Queen’s.
I realized that development requires protecting not only economic investments, but
also the social and environmental contexts in which technology is applied. I realized
that engineers have an opportunity to use their skills and passions to work for the
global issues of poverty, for example. Moreover, I came to understand that it takes
commitment and cooperation in the process of development from both the engineer
and the marginalized community in which one works. I also found that a polymathic
engineer should not be a unique anomaly but rather that all engineers are responsible
for understanding far more than math and science. Also, the natural world is an
incredible tool for engineers. Nature can do a lot of the things engineers strive to
create technologies for, and perhaps engineers should learn to listen to the solutions
around them and learn to respect nature beyond its utility as a resource to build
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with.

4.1.3

Sri Lanka

In Sri Lanka I had a very defined purpose. I was there to support a group of Sri
Lankans in creating a proposal for a Canadian International Development Agency
(CIDA) grant. I was there not to impose ideas, but to listen to what their needs
were and help them meet CIDA’s requirements for the proposal. However, during my
limited time in Sri Lanka, I was exposed to the intricacies of aid and development
projects and the importance of using local knowledge in an effort to do no harm to
the local context.
Dr. Janakarim and Dr. Ranjith Senartne were incredible leaders. Dr. Janakarim
made it very clear that this was not a Canadian aid project, but rather a Sri Lankan
project. He was explicit about the project’s intent to do no harm. Dr. Janakarim’s
approach of participation and collaboration really helped solidify what I learned from
Mr. Booth’s EBPP project in Indonesia. Development and relief projects are important, but their complexities are so vast that they demand cooperation, communication, and contextual understanding. Development projects require a true commitment
and can not be done intermittently. In Sri Lanka, it was clear that the Canadian partners were incapable of fully participating and were therefore secondary partners. Sri
Lankans knew the context with which they were working and lived in the communities
that they were working for.
For this particular project I also realized that my technical knowledge was far less
important than my non-technical skills and that my ability to communicate, relate,
problem solve, organize, lead, and empathize were far more important than anything
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else. I discovered that helping meet the needs of society requires a deep understanding
of social, non-technical skills.
In Sri Lanka, we listened to the locals, the problems they faced, and their priorities
in terms of sustainable development. I realized that my ignorance of the situation
would have only been escalated if it were coupled with a sense of pride of believing
that my engineering degree made me more important or knowledgeable than the locals. Although I had something to offer, I had no idea of the context and through
their presentations of their needs, I realized that development projects are dependent
on context and those who understand the context. There is a need to share responsibilities and knowledge in such a process and engineers need to learn to utilize the
perspectives of other professionals when creating solutions to development problems.
Dr. Senartne expressed a deep gratitude to Dr. Janakarim for first, caring, and
secondly, sharing the responsibilities and believing in the people of Sri Lanka [74].

4.1.4

Humility

In my observational research there was an overarching understanding that engineering is a profession that is influencing the world. I perceived these influences in two
ways: first I viewed engineering as an international profession that has increased access to a global market and incorporates international business in its work. In the
second view however, I tended to focus more on a humanitarian approach to engineering and working for marginalized communities abroad. Humanitarian engineer is
representative of the engineers who consciously use their skills to help marginalized
communities meet their basic needs and improve their livelihoods. These engineers
are dedicated to using the social and environmental consequences of technology as
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key constraints to the design process. However, in discovering what engineers could
do for marginalized communities, I realized that viewing the poverty, marginalization
and problems in Morocco, Indonesia and Sri Lanka, allowed me to reexamine my own
country (Canada) with a different perspective. Upon returning, I was much more
attuned to marginalization, poverty and problems within Canada.
The ultimate goal of an engineer is to create a flawless design and to successfully
implement it, yet the reality of engineering is that designs are imperfect and we can
never fully predict the social, environmental and economic factors that will influence
it. Engineers will never know everything they need to to be perfect and must therefore
depend on others and continually educate themselves.
With that said, it should be made explicit that my experiences and the opinions
expressed within this section represent those of a Queen’s University graduate and are
based on the perspective as it was outlined in the chapter titled, Research Methods and
Methodology. Observational research inspired the notion that engineering education
needs to include international issues, a focus on the needs of marginalized communities, and a need for further focus on non-technical skills. Engineering education needs
an understanding of the global context, the interconnectedness of this context and the
responsibilities engineers have in society, economics and the environment. Aware of
my competence and my limited experience, the subsequent sections examine whether
an interest in changing the engineering curriculum is shared by other perspectives.
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Academic and Industry Perspective: Literary
Research

The purpose of this section is to examine various reports, studies and literature to
determine whether there is support for the proposal that engineering education needs
an intensified concentration on the social and environmental consequences of applying science and technology in an international context. The literature analyzed in
this section includes perspectives from both academia and engineering industry from
various countries and was loosely categorized into five themes: national engineering
academies; independent engineering studies; academic studies; non-academic opinion
publications; and academic opinion publications.
Throughout the five themes there is a significant indication that the impressions,
feelings and ideas formed from the observational research are conclusions shared with
a diverse group of opinions. In each of the themes of literature, there was evidence that
contributed to the idea that the projected skills necessary of engineering graduates
and the contexts in which they will be applying their knowledge have become more
globalized and complex and thus demand a deeper sense of social and environmental
consciousness.

4.2.1

National Academies of Engineering

The first theme (studies from national engineering academies) provided the most comprehensive indication of how engineers’ roles will be transformed in the near future.
This theme included national studies from three countries relevant to the discussion of
this thesis: Canada (The Canadian Academy of Engineering); the United States (The
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National Academy of Engineering); and the United Kingdom (The Royal Academy of
Engineering). Each study was conducted independently and used different methodologies. This section presents the most significant findings from each study.
The report from the Canadian Academy of Engineering titled, Task Force on the
Future of Engineering: A Framework for Discussion, analyzed trends in science and
technology, business and economics, society, geopolitics and environment in order
to gauge the future landscape of engineering industry. To analyze each trend, the
Academy used historical documentation, case studies, and a variety of reports, essays, interviews and literature to predict how each area is expected to influence the
engineering profession.
Their findings indicated that the greatest challenges for future engineers will come
from, “accelerated technological changes that are coupled with rapid globalization,
diminishing resources and pressing environmental challenges” [20]. They found that
engineers are about to see accelerated change in virtually ever domain, i.e. science,
technology, business, economics, society, politics, the environment, which will create
unprecedented challenges. They expect that the future will bear very little resemblance to the past, thus perpetuating a pressing need for engineers to be leaders in
foreign, complex, globally competitive and high-risk circumstances. The Canadian
Academy of Engineering report suggested that engineering involves the difficult task
of putting scientific abstraction into practical language. This requires an understanding of both spheres –the pure science and the goals and aspirations of human society
and all of its complex associations [20].
The National Academy of Engineering’s (NAE) report, The Engineer of 2020:
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Visions of Engineering in the New Century, more critically assessed how the engineering profession and engineering educational institutions were preparing for, and
meeting the pace of technology and the needs of a globalized society. The report
considered the questions, “What will or should engineering be like in 2020? Will it
be a reflection of the engineering of today and its past growth pattens or will it be
fundamentally different? Most importantly, can the engineering profession play a role
in shaping its own future?” [18]. The chapters in the NAE report were divided into
three subjects: technological context (which dealt heavily with the natural environment); social, global and professional context of engineering practice; and skills and
aspirations for engineers of 2020.
The NAE found that the best method of response to the questions was through a
scenario-based planning technique that would allow them to examine specific themes
and scenarios that are expected to challenge future engineers. From this they created
a base of skill-sets that were most appropriate for each individual scenario, and the
scenarios as a collective. The hypothetical scenarios in question were: the next scientific revolution, the bio-technical revolution in a societal context, the natural world
interrupts the technology cycle, and the global conflict or globalization scenario [18].
The “next scientific revolution” scenario represented an optimistic future in which
change is the principle product of technological development and where it is assumed
that the future will follow a predictable path. This scenario assumed that technologies
would be developed to a state where the role of the engineer would be optimized to
the benefit of society.
The “biotechnology revolution” scenario identified a specific area of science and
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engineering (biotechnology) with great potential that allowed for intervening implications from politics and society. In this view of the future, issues that impacted
technological change beyond the traditional scope of engineering become significant.
This scenario considered the reality that although engineers are critical, social attitudes and politics also impacted the ultimate use of a new technology.
The “natural world” scenario accepted the unpredictability of the natural world
and accounted for the events that happen beyond human control. This scenario
examined the importance of engineers and technology responding to disasters and
their possibility of predicting risk and preparing for systems’ unpredicted events.
The final scenario, “conflict and globalization”, examined the influences of global
changes and their impact on conflicts and globalization. This scenario was developed
from current events including terrorism, job outsourcing and international partnerships.
The overall impression that the committee gained from analyzing these scenarios
is that the pace of change is so rapid that, “the comfortable notion that a person
learns all that he or she needs to know in a four-year engineering program just is
not true and never was . . . not even the fundamentals are fixed, as new technologies
enter the engineer’s toolkit” [18]. The NAE believe that in order to produce effective
engineers, institutions have to teach their students how to learn. That is, to provide a
paradigm of self-discovery and self-learning that is deeply enriched in subjects relating
to society and the environment.
The NAE also indicated that engineers will be pressured by society into the difficult role of anticipating and preparing for the disasters of the future and will be asked
to prepare solutions to have back-up solutions that counter unforeseen consequences.
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In other words, the NAE expected engineers to understand not just how to create
technology, but how to apply technologies and how they may fail in a complex reality. The new problems engineers will face will require technologies, and a knowledge
of applying technologies, which may involve “reconsideration of the basic structure
of engineering departments and the infrastructure for evaluating the performance of
professors as much as it does selecting the coursework students should be taught”
[18].
In almost all discussions, the NAE determined that educating the engineer of
2020 presumes additions to the curriculum that include more on communications,
social sciences, business and economics, cross-cultural studies, multi-cultural teamwork and on knowing how and when to incorporate social elements into their work.
The attributes of engineers of 2020 require strong analytical skills that also, “expand
the engineering design space such that the impacts of social systems and their associated constraints are afforded as much attention as economic, legal, and political
constraints” [18]. According to the NAE, the attributes of engineers of 2020 also
require practical ingenuity, creativity, leadership, lifelong learning, professionalism,
flexibility and most importantly, high ethical standards.
The research of the final report for this theme was carried out by Henley Management College for the United Kingdom’s Royal Academy of Engineering and was
titled, Educating Engineers for the 21st Century: The Industry View. The research
for this particular document was based on a combination of in-depth interviews with
industry practitioners, focus groups with recent graduates, and a large-scale survey
of a variety of firms within the industry in the United Kingdom.
The report outlined both the future changes and challenges in the industry as well
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the implications of such changes for future skills of engineering graduates and how to
provide these skills. Like both preceding reports, the Henley report was explicit in
saying that despite their attempts, there is an impossibility of accurately predicting
the future and therefore the future of engineering. However, the authors also explained
that there was a long tradition of using expert judgement in future studies and that
their qualitative forecasting techniques are, “particularly appropriate when there is
insufficient historical data for quantitative projections or there is reason to believe
that the pattern of past data will not continue into the future” [75].
The research in this document found that engineering firms look for skills and attributes in two broad areas. The first area is a typically more traditional engineering
role and encompasses the domain of technical skills, such as a sound understanding of fundamentals within a particular discipline and a base of mathematics. The
second area of attributes however, included the social and interpersonal skills and
attributes that include communication, team-working and business skills, all within
a global context. The report indicated that future skills will be shaped by the intensifying pace of change in the industry as a result of growing technological complexity,
interdependence at all levels, and globalization which will affect both the demand
and supply-side of industry. These expectations provided strong evidence that the
top priorities of future skills are, “practical application, theoretical understanding,
and creativity and innovation” [75]. Thus engineers must be competent in both understanding when to apply science and technology and how to appropriately apply
science and technology.
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Independent Engineering Studies

The second theme of the literature research incorporated independent engineering
studies. This section used research that assumed that engineers would work in international projects and used studies that outlined skills that have been found to
work best in these circumstances. In this theme, there were two notable reports
from Jeitosa International and the Institution of Civil Engineers (ICE). According
to their website, the Jeitosa Group International promotes international business by
supporting organizations’ globalization. They primarily work in areas of human resources and finance and offer “hands-on knowledge of global best practices, local
business processes, and country-specific legislative requirements around the world”
[76]. The ICE however, is a charity organization based out of the United Kingdom
that provides and exchanges resources and specialist knowledge in order to promote
civil engineering and encourage innovation within the profession, worldwide [77].
Karen Beaman from Jeitosa wrote from an engineering-business perspective when
she uncovered the role of a global mindset in international work. Major findings from
her research indicated that failures in international business are most often the consequence of an engineer’s inability to read and adapt to their foreign environments.
The report explained that this failure had stemmed from an inability to adapt to
new physical or cultural environment, a lack of communication skills, or a general
lack of “people” skills. She found that the individual may also lack the maturity or
motivation for foreign work or may have an overly narrow and parochial perspective.
Her research explored international business and found that it takes certain skills
and traits for appropriate international business. These skills include, adaptation
to different environments, i.e. flexibility and accommodation skills, as well a desire
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and willingness to experience new risks. Beaman found that international success
appeared to have much more to do with an individual’s emotional quotient than their
intelligence quotient. In her background research she found that many researchers
indicated that the the five most important skill sets for international work were: extroversion, emotional stability, conscientiousness, openness, intellect and agreeableness.
Other studies indicated that five critical domains included, cultural empathy, flexibility, open-mindedness, social initiative and emotional stability. She indicated that
her research demonstrated that personality plays a key role in the international work
experience and can significantly affect the individual’s performance abroad [76]. In
other words, Beaman’s research provided evidence that for international work the
best preparation was by endorsing and promoting a paradigm rather than particular
curricula.
The ICE research was conducted by two authors, D. Singleton and N. Hahn, who
used case studies of small-scale development projects in marginalized areas to examine
the importance of collaboration for sustainable poverty alleviation. Their case studies of infrastructure implementation indicated that sustained alleviation of poverty
was best achieved through solutions that paid close attention to underlying social,
economical and political influences. They indicated that successful collaborations depended on whether the engineers had an appropriate sensitivity to the circumstances
in question[77].

4.2.3

Academic Studies

The third theme of research incorporated studies that were conducted by various
academic institutions in the United States, Spain, Australia, Sweden, Canada and
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the United Kingdom. The results from these studies indicated that engineering education needs to prioritize certain objectives and themes. First, the research showed
that engineering education needs to prioritize integrated and interdisciplinary learning environments [78]. In order to appropriately train engineers for the realities of
the profession, students need to learn in a context that incorporates the engagement
of various other professional opinions. The studies showed that integrating engineers
with other disciplines consequentially helped improve their teamwork, communication, and cooperation skills, which were argued to be very important skills in the
profession [78].
Secondly, research indicated that service learning was an invaluable tool for helping engineering students in a variety of skills, especially in understanding context
and the importance of situational analysis before, during and after an immersion
into a marginalized community. Immersion in another culture in service roles helps,
“broaden students’ horizons and makes them better adapted to playing an active
role in global citizenship” [79]. Through experiential education, studies showed that
students who lived abroad were personally and positively transformed and that interacting and integrating within a particular context allowed them to appreciate the
variety of unforeseen problems that would otherwise be ignored or assumed in the
classroom [65].
Peterson’s research suggested that the principal benefits that students derive
from living and studying in another country were that they increased flexibility, selfreliance, emotional maturity, critical thinking skills, empathy, reduced ethnocentrism,
heightened social concern and a value for clarification. The students and faculty in
his study were excited at the transformative power of an opportunity of studying

CHAPTER 4. RESEARCH IN ENGINEERING

101

abroad [65]. Further, research showed that students are becoming more cognizant of
a discrepancy between developed and developing nations and are willing to use the
knowledge from their degrees to work for marginalized communities [14].
There were studies that also supported the need for service learning programs to
focus on marginalized communities in low-income countries abroad. The arguments
from these studies indicated that engineering students need to be exposed to international development and international experiences in order to expose them to the
international context their profession.
In an attempt to prove the worth of incorporating the reality of developing countries into engineering studies, some schools analyzed pilot courses and used case
studies to determine a framework for such a program [14]. A case study in Spain
found that development education for engineers was critical and needed to include
or support volunteering and social participation outside the classroom, internships in
developing countries, relevant post-graduate research theses and undergraduate research projects. In addition, the Civil Engineering School of UPC at Barcelona, Spain
examined example courses called, “International Aid, Engineering and Development”
and “Development Projects: Concepts and Methodologies”. These two course were
both found to be highly popular in their initial years, averaging 31 and 22 students,
respectively. In terms of format, the courses were equally divided into sessions dedicated to theoretical aspects of the subject as well participatory practical exercises and
external speakers [14]. The course, “International aid, engineering and development”
was composed of 11 themes including, the state of the world, global inequalities,
globalization, governance and development, the role of technology and infrastructure
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in development processes, international aid, principle actors of international development, national aid organizations (specific to Spain), and basic concepts in business
ethics and corporate social responsibility. The second course, “Development projects:
concepts and methodologies” more specifically focused on basic tools for managing
development and humanitarian projects, such as decision-making and planning. The
research of these courses argued that it was both the format of the courses as well
the topics and contextual examples that were most appealing to the students [14].
The third theme of the research widely indicated that engineering education needs
to embrace and promote sustainable development2 [80, 81, 82, 83]. Many studies
found that despite the significant number of institutions that have made verbal or
written commitments to providing appropriate sustainable development education,
hardly any have strategic programs that implement such philosophies [80].
One study found that sustainable development topics were found to be interpreted
very differently depending on the perspective, i.e scientifically, existentially and politically, and that the values and emotions of the student influenced their learning of the
(natural) environment. It was determined that sustainable development was better
suited as a paradigm throughout all courses so that it was seen in various contexts and
therefore easier to grasp as a general concept [82]. A study from Australia attempted
to facilitate better integration of a sustainable paradigm into engineering education
by addressing how much engineering students knew about sustainable development.
Overall, they found that there was typically unsatisfactory knowledge of the topic
despite an overwhelming interest in the subject and that the subject needed to be
shown in various perspectives and contexts, thus supporting Lundholm’s analysis [81].
2
Sustainable development in the research was defined as meeting the needs of the current generation without negatively impacting the social, techno-economic and environmental conditions.
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Non-academic Opinion Papers

The fourth theme of the literature analysis examined informal documentation that
reflected personal opinions of representatives of relevant groups such as, the Ontario
Society of Professional Engineers, World Federation of Engineering Organizations,
Engineers Without Borders (EWB), and the International Development Research
Centre (IDRC). These four particular organizations indicated a hope that engineers
and engineering education would take a more focused approach to engineering for
international development and relief. These organizations hope that engineering education will focus on human basic needs and learn about how their skills applied
in the context of marginalized communities. The authors all criticized the current
lack of emphasis that schools have placed on issues of development and relief and
challenged engineering institutions to recognize the importance of these subjects by
incorporating them into curriculum.
The World Federation of Engineering Organizations created a concept paper for a
proposed program that promoted capacity building in engineering and technology for
poverty eradication, secure, sustainable, social and economic development. The paper
was inspired by the Organization’s belief that engineering and technology is, “vital
in addressing basic human needs, poverty reduction and the promotion of secure and
sustainable development in developing countries” [52]. They believed that engineers
are the interface that can bridge the “knowledge divide” between technology and
society and promote intercultural dialogue and cooperation in developing countries.
The IDRC wrote that globalization has drastically altered the context to which
engineers are working and that community-service no longer relates solely to communities in a close physical proximity to an engineer’s respective home community
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or country. The people who are struggling with poverty are growing at drastic rates
in developing countries and cannot be ignored by those who may have the tools for
helping improve their livelihoods [84].

4.2.5

Academic Opinion Papers

The fifth theme of this literature review focused on the opinions of academia. The
general ideas from these papers related to, or vested specific interest in incorporating more “humanistic” science in engineering curriculum, adding more non-technical
subjects and focusing on becoming more globally inclusive. The academics suggested
that “humanistic” science should incorporate courses in history, ethics, politics, economics and arts, and should promote skills that foster a better relationship between
engineers and society such as debating, negotiating, report writing or public speaking
[85, 86, 87]. Students need to be able to evaluate the impact of their solutions in a
global/societal context outside of technical engineering courses and need to have a
broader educational background [88].
The motivation of incorporating humanistic sciences was based on several different
factors. Mechefske argued that humanistic sciences are needed to appropriately prepare engineers for the pervasiveness of technology in society and the complexities this
presents. He said that because of the interconnection and intricacies of technology, it
is easier for society not to understand technology and therefore consequently not know
the consequences of technologies [86]. Peppard argued that technology possesses the
power to shape social decisions and choices by saying that, “the combined social and
technical systems fix the relationships between machines and their users which then
institutionalize the ways in which technology can be used or further evolved” [89]. He

CHAPTER 4. RESEARCH IN ENGINEERING

105

suggested that engineering is a human profession and requires courses that reflect this.
He understood the impossibility of predicting the future but attempted to gain access
of what to expect by determining what the future will not be. With this approach he
found that the new technology marketplace does not primarily happen in a Canadian
context and that the drastic changes that technology can create in a society will only
become more complicated as more technologies are produced and marketed to foreign
communities. He says specifically, that designing and applying technologies without
considering context will produce “a drastic reduction in [the countries’] standard of
living with attendant social stress and hardship” [87].
Another report suggested that circumstances in the 21st century have brought
greater awareness of anguish and discontent in lower income countries and thus, an
emerging recognition of the need for participation from higher income countries like
America and Canada. This report argued that in order to meet the growing interest
of graduates wanting to work with marginalized communities, engineering education
in America and Canada needs to be better prepare for the social consequences of the
growing interest [90].
It was found however, that the recent interest in making engineering more “humanistic” was hardly revolutionary. In 1906, Herbert C. Sadler (a professor of engineering at University of Michigan) insisted that, “the engineer ought to step out of
his narrow technological enclosure and apply his proven effective methods to urgent
economical, political and social problems that must be solved if his technology is to
serve mankind” [91]. Sadler, an early champion for diversifying engineering curriculum, advocated for curricular reform that emulated medicine and law degrees at the
time, which generally lasted six years [91].
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Critics however, argue that engineering programs are already confined to a tight
calendar and that any additional inclusions to the curriculum will compromise the
technicality of the disciplines [92]. In response, Mechefske argues that the introduction
of humanities will not “soften” engineering but rather, “bring engineers into the
mainstream” [86].
Therefore, the introduction of humanities into engineering cannot just substitute
what already exists, but rather such a shift will require a complete reinvention of the
motivation behind engineering education along with the paradigms and pedagogies
behind it. Peppard stated that in order to make the engineering profession a facilitator
for social change, it needs to reexamine the philosophical views that engineers have
towards their discipline and that are perpetuated by the current curriculum [89].
Most importantly, it was found that these opinions did not diverge far from the
already-expected outcomes of engineering education by the accreditation boards. For
example, the American Society of Engineering Education (ASEE) indicate that engineering colleges, “must not only provide their graduates with superb technical capabilities, but following industry’s lead, [they] must educate their students to work as
part of teams, communicate well and understand the economic, social, environmental
and international context of their professional activities” [88]. The Canadian Engineering Accreditation Board (CEAB) states in section 2.2.7 that, “each [engineering]
program must ensure that students are made aware of the role and responsibilities of
the professional engineer in society” and in section 2.2.4, engineering programs are
expected to include, “studies in engineering economics and the impact of technology on society, and subject matter that deals with central issues, methodologies and
thorough processes of the humanities and social sciences” [93].
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However, considering that although the curriculum is already expected to incorporate a deep understanding of the non-technical aspects of engineering, opinions
expressed by current academia around the world suggest otherwise. What is currently being provided in engineering institutions is clearly not sufficient enough for
the realities of engineering in today’s context. There still exists a gap between what is
expected of engineering programs and what is provided. Both the CEAB and ASEE
are explicit in saying that engineering education needs much of what many of the previous studies and literature are claiming is missing in current programs. Regardless,
the CEAB and ASEE have shown by their curricular criteria that the proposed reforms from academia and other perspectives are capable of being incorporated. This
might include the introduction of more humanistic sciences, a deeper focus on society
in an international context, on sustainable development, and a focus on marginalized
communities and the promotion of contextual/participatory learning.

4.3

Student Perspective Research

As it was explored in the previous section, several perspectives support the idea
that engineering education would benefit from an adjustment to current curriculum.
Specifically, there is a demand from representatives of engineering industry and engineering academia to modify the curriculum to be more inclusive of the environmental
and social implications of an engineer. In this section, the demand that arises from
the student body was addressed by analyzing what subjects students are interested in.
For this study, engineering enrolment records were analyzed and compared to the rising interest in global development programs in post-secondary institutions. Further,
the type of student-initiated organizations on Queen’s University campus were viewed
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as important indicators of the interests that are most prevalent in the current generation. Also, forums and discussions based on a new program called Humanitarian
Engineering3 were used to observe the interest and opinions of Queen’s undergraduate
students. Lastly, this chapter examines a pilot module and project that was created
for the first year engineering course, APSC 190: Professional Engineering Skills, which
was based on principles and ideas of the Humanitarian Engineering program.
Throughout the research of engineering students’ interests there was a considerable
discrepancy found between female and male enrolment. Inspired by this, the final
portion of this section briefly analyzes the quantity of females in engineering programs
and the potential reasons for this discrepancy.

4.3.1

Interest in Engineering

In 2004, the Michael Campbell Robinson Consulting company conducted an online
survey of enrolment levels and trends in Canadian university engineering programs.
The survey was distributed to 51 universities of which 17 responded (see AppendixE).
The survey indicated that from 2002 to 2005, the actual undergraduate enrolment
decreased by 2 percent (32914 to 32314) [2]. The following table shows the breakdown
of undergraduate enrolment numbers by discipline between the years of 2002 and 2005.

However, in 2006 the Canadian Council of Professional Engineers (CCPE) provided a more extensive survey that had 43 Canadian universities respond. From
3

Humanitarian Engineering is a program proposed for Queen’s Faculty of Applied Science. Its
main objective is to discuss the application of engineering skills to meet the basic needs of all humans.
Humanitarian Engineering puts the social and environmental consequences of technology as the key
constraint to the design procedure. The structure, philosophy and objectives are discussed in further
detail in the next chapter.
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Discipline
Computer Engineering
Electrical Engineering
Mechanical Engineering
Chemical Engineering
Civil Engineering
Other (Includes all “other” categories)

Enrolment
-19%
-3%
8%
12%
23%
5%
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02/03
3784
2980
4987
1867
2525
4663

04/05
3079
2885
5392
2088
3111
4881

Table 4.1: Summary of Campbell Robinson Consulting Inc.’s Canadian university
enrolment records between 2002-2005, by discipline [2]

2001 to 2005 their records indicated that undergraduate engineering enrolment increased 10.1 percent as a whole (49,814 to 54,854 students), yet the majority of this
growth occurred between 2001 and 2003 (49,814 to 54,607 students) at which point
it plateaued and decreased in 2005 by 0.7 percent. The most substantial declines
in 2004/2005 were found in Quebec, Ontario and British Columbia. However, considering all four years that were studied (between 2001 to 2005), British Columbia
saw the greatest enrolment increase (25.4 percent), followed by New Brunswick (16.9
percent), Newfoundland (16.3 percent), Alberta (15.0 percent) and Quebec (101.4
percent). Ontario saw a mild overall growth between 2001 and 2005 of 6.4 percent.
Manitoba had the lowest enrolment growth of 4.2 percent [3].
In terms of disciplines, the following table presents the CCPE survey’s results:
Computer engineering saw the most significant decline of 27.1 percent enrolment
while software engineering doubled at 201.2 percent, but it should be noted that these
percentages are in proportion to the number of students already in those disciplines.
For example, mechanical engineering had an increase of 23.7 percent which is possibly
more significant than other discipline increases because of its already large enrolment
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Discipline
Computer
Industrial/manufacturing
Electrical
Environmental
Geological
Chemical
Mechanical
Biosystems
Civil
Software

Enrolment
-27.1%
-15.2%
-4.0%
2.1%
7.3%
19.2%
23.7%
37.1%
55.8%
201.2%
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01/02
6501
2297
10717
620
411
3335
9659
494
4509
486

04/05
4741
1947
10285
633
441
3976
11994
674
7023
1464

Table 4.2: Summary of CCPE’s Canadian university enrolment records between 20012005, by discipline [3]
in 2001. Mechanical engineering saw 2,335 more students enter between 2001 and
2005, where a discipline like chemical (19.2 percent increase) had only 641. However, it is clear that computer engineering is losing favour with prospective engineers,
considering its size and percentage decrease in enrolment.
In the 2004 Campbell Robinson study, university respondents identified a variety
of factors that they believed contributed to the declining and increasing enrolment
levels of engineering programs. From the short list of declining factors, the following
were found to be of greatest significance:
• declining participation of women
• poor public image of the engineering profession
• high school curriculum changes that do not encourage an emphasis on math
and sciences
• competition from faculties of health science for top students
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Addressing these concerns, there were a few arguments to be considered. The
issues of the declining female enrolment will be discussed in further detail at the end of
this chapter. However, the poor public image of engineers is a possible indication that
there is a negative relationship between engineers and society. In the previous section,
several reports suggested that engineers needed to improve their communication skills.
Further, many studies suggested that engineering education needs to enhance the
curriculum to become more socially and environmentally conscious. Perhaps one
could conclude that the engineers’ poor public image is a result of their inability
to convey the skills and traits necessary for appropriate technology application and
are thus not viewed as socially and environmentally competent. That is to say,
perhaps there are more engineering failures (i.e. social, environmental, economical
and technical) recognized and publicized than engineering successes.
Engineer’s Without Borders represents an organization that is dedicated to the
social aspects of engineering and therefore presents itself as a socially-competent and
socially-conscious organization. In 2006, long-time EWB volunteer Mike Quinn, was
recognized by the University of British Columbia and received the Global Citizenship Award for his use of engineering skills for humanitarian efforts. His work had
significant implications for society and were viewed as such. Therefore, because his
work was identified as a major social benefit, he was more aptly recognized by his
community and therefore perceived as a successful engineer.
Engineers are fundamentally responsible for society and yet the 2004 study indicated a poor public image of engineers. The EWB however, is an organization that
places extensive interest in society before technology and has been recognized for this.
In order to improve their public image, engineers should dedicate more effort to, and
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interest in society rather than just economic and technical advancements.
The 2004 reports also suggested that engineering enrolment is declining due to
a poor representation of maths and sciences in high school curriculum. However, in
the previous section a majority of the perspectives found that there needed to be an
increase in humanistic/non-technical courses in post-secondary curriculum. Perhaps
it may be suggested that the decrease in enrolment is not because the high school
curriculum does not promote maths and sciences and therefore, not meeting university
standards, but rather that universities are not promoting the social and environmental
aspects of applying science, extending the perception of engineers beyond traditional
ideas of math and science. Universities may need to do a better job in promoting
engineering as a social profession, one whose priorities lay in applying science and
technology for social needs in a global context. Universities should not seek to blame
high school curriculum on impacting enrolment rates and should make a better effort
in understanding what the students want, and further, what society is looking for
from engineering graduates.

4.3.2

Development Studies Programs

This section briefly examines three main questions regarding Development Studies
programs in Canada: What is Development Studies; Where did it emerge from; Why
is this topic popular? The purpose of this section is to determine what these programs
teach, how these programs became so popular and whether they may be incorporated
into an engineering program to increase engineering enrolment.
The majority of the following information was obtained from a research project
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conducted by the Canadian Undergraduate Development Studies programs and International Development Research Centre.
The modern connotation of the word development arose mostly from post-colonial
independence and the ending of the Second World War. During the colonial period
most “development studies”4 programs consisted of social anthropology, sociology,
economics, political science, geography, history, and languages [94]. From the postcolonial period to the 1970s, the growing cooperative efforts between developed and
developing nations provided the platform for development studies programs to significantly expand. Through this expansion, a significant increase in the number of
students interested in topics relating to development helped perpetuate its expansion
as a faculty in universities. In this context (i.e. post-colonial Europe) the development
studies programs where characterized by three main serving functions:
1. The training of people for service in the former/existing colonies and other
Third World countries;
2. The training of students from the colonies and Third World countries; and
3. The provision of a field of study for people who were simply interested in the
field, without necessarily wishing to pursue a related career [94].
Canada however, did not have the same colonial context with which to provoke
development studies programs. Rather, programs in Canada were influenced by an
academic interest in regions outside Canada and the interest among young people in
an international experience and the need for a more holistic approach to studying the
problems of development beyond conventional academic boundaries. In the Canadian
4

At the time they were not called development studies
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programs, the early emphasis was on internationalism, interdisciplinary education and
maintaining a balance between theoretical explorations of development and practice.
The focus of the Canadian programs included acculturation, community development
and social change, poverty and marginalization [94].
The first major disciplinary study in international or global development in Canada
was established in 1947 at the University of British Columbia. A study sponsored by
CIDA and the Association of Canadian Universities and Colleges (ACUC) had identified that in 1970, 28 Canadian institutions offered some form of Development Studies
[94]. Later, in the mid-1990s, there was a general consensus among the presidents of
most Canadian universities that they needed to produce graduates who were internationally and interculturally competent and thus needed to establish programs through
which to do so [92]. By 1994, there were eleven undergraduate degree programs in
Development Studies in Canada; this number has since reached 19 [95].
The CIDA and ACUC survey found that the eleven programs in 1994 shared some
similarities in their curricular approaches to development. There was consistent emphasis on political relations, development theory and economics and all extra electives
were drawn primarily in social sciences. However, only two programs had language
requirements, three required honour theses, co-ops were optional for only two programs, seven had study abroad options and seven incorporated Aboriginal Studies in
their curriculum [94].
The CIDA and ACUC study indicated that there were five main factors beyond
the original influences of post-colonial and post-war development, which were further
influencing the growth and evolution of Development Studies programs. The factors
were: studies of rural development; international business; the impact of area studies;
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disciplinary interest in development; and women studies. These factors are addressed
here because of their possible application to improving engineering education.
Rural development helped Development Studies programs grow and evolve because they incorporated studies that considered strategies aimed specifically at improving the socio-economic conditions of particular groups of people. In the beginning, development studies in the Third-World context were focused more on the
maldistribution of natural resources and services, food production shortfalls, government neglect and loss of population. However, the focus evolved to include both the
study of urban areas and issues of illiteracy and powerlessness in rural settings. This
evolution broadened the context of Development Studies programs to include more
problems, which excited many researchers and students.
International business, which has had a curious connection with Development
Studies, helped improve the programs’ popularity by investigating the dynamics of
economic and technological interdependence established through direct foreign investment. Although much of the research in Development Studies maintains a degree of
hostility towards multinational organizations [94], investigating such realities helped
generate interest from an international business perspective, one which does not traditionally associate itself with Development programs.
As Development programs deepened their specialization, it was a natural transition for like-minded groups to pursue regional or area studies, e.g. “Asian Studies”,
“African Studies”. This specialization helped the programs grow in two ways; first,
they provided a potential pool of interesting elective courses. Second, it allowed the
Development Studies majors to incorporate a regional speciality to their degree.
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The fourth aspect that popularized Development Studies was due to outside disciplinary interest to development. Considering that historically, there were many
disciplines offering one or two courses relating to development, Development Studies
programs allowed these outside disciplines to integrate their expertise, thus creating
a unique epicenter for pooling knowledge and resources. Political science for example,
would often have a course relating to the “Politics of Developing Societies” or a course
on “Politics and Government of x country”. These other disciplines were utilized and
provided much of the base of teaching and research resources that contributed to the
growth of the Development Studies programs.
Lastly, during the past three decades there has been an increase in studies of gender and development and women in development, which has emerged as a significant
sub-area in Development Studies. This increase has reflected the realization within
development practice that there exists gender differentiation that significantly effects
socio-economic and political processes. Establishing the significance of women’s contributions to the informal sector of the economy played a pivotal role in examining
the gender-based division of labour, thus resulting in recognizing women as critical
development actors in their own right.
When addressing how engineering education may improve its public image and
increase student interest, the evolution of Development programs has offered five applicable evolutions that may be extrapolated into an engineering curriculum. Very
simply, engineers are pivotal figures in applying solutions to rural development situations. For example, infrastructure and technology are often avenues for empowerment,
literacy, and improved livelihoods in rural settings (e.g. irrigation, water purification,
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energy production, etc.). Secondly, engineering is heavily integrated into an international market. Engineers are constantly outsourcing their work and incorporating
international resources and labour. Thirdly, engineering is not a technologicallyisolated profession and should therefore not be taught as such. In the same way
Development Studies programs integrated politics, geography and economics, so too
could engineering improve itself as a discipline by utilizing other academic disciplines.
Lastly, (and as will be discussed later), female enrolment in engineering education has
been historically very low. There is a great gender imbalance in a discipline that is
traditionally viewed as a male-centric. Development Studies was popularized by placing specific focus on gender issues, which could possibly be used to help popularize
engineering among females.
At Queen’s University for example, many engineering students have incorporated
courses and events from the Global Development department in their education in
an attempt to satisfy their interest in issues of development and relief. Further, since
2001 there have been 14 Applied Science students at Queen’s University admitted to
a duel degree program with Global Development Studies as the secondary program
[96]. The Global Development Studies department has also recognized the importance
of including engineers in their interdisciplinary courses and have used a speciallydesigned course DEVS 330: Technology and Development, as an opportunity for
engineering students to be introduced to the socio-economic, cultural and political
factors surrounding technology and its relationship to development in both advanced
industrial societies and low-income countries [97].
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Student-Initiated Groups

Although the analysis of student enrolment records does provide a basic idea of students’ interests in education, there are two points that must be taken into consideration. First, students often enroll in programs (especially engineering) on the basis of
its economic benefit as a profession and not necessarily because they are passionate
about it. Engineering is often seen as a profession that is likely to provide monetary
success after graduation and is therefore an inviting option[4]. Secondly, many students choose their university degree based on their skills and generalized impressions
of a discipline. Many students have used their engineering program as a point of
departure into other fields because they found their interests were not specifically in
engineering but rather in areas of math and science and engineering provided a good
degree to fall [18, 4, 98].
Therefore, this section uses student-initiated clubs and organizations as a method
of discovering the themes that current engineering students are passionate about.
Universities are filled with student groups that attempt to connect like-minded individuals through a greater cause. The increasing number of groups that pertain to
international development issues such as poverty, social injustice, world water rights,
child labour rights or fair-trade initiatives, could signify that students are increasingly
socially and environmentally conscious. Students may use these groups to generate
awareness, encourage dialogue and take action against the issues that they believe
are the most prevalent of their time.
At Queen’s University, there are 84 social action/special interest groups of which
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31 pertain to social and environmental initiatives for international development studies and marginalized groups. Examples of the relevant student-initiated clubs commissioned by the Alma Mater Society (AMS) are presented in Appendix F. There
are also other classifications of groups that have clubs within them relevant to international development and working for marginalized communities. These initiatives
are categorized into one of the following groups: political, religious, cultural/ethnic
or service groups. Apart from the 84 social action/special interest clubs, Queen’s
AMS has commissioned at least 12 other clubs that are relevant to this discussion.
Examples of these groups are also presented in Appendix F.
These student-initiated groups are a great indication of the issues that this generation is concerned about and interested in. However, a group at Queen’s that is of
special interest to engineering education is Queen’s Project on International Development (QPID). QPID is a student led group that has been promoting discussions on
development and sending students abroad for over 18 years [99]. QPID is highly regarded both on campus and throughout Canada as a leader in experiential education
in international development. Developed by two Civil Engineering students in 1990,
QPID has maintained consistent growth in popularity among engineering students
and students outside the engineering faculty.
Similarly, Engineers Without Borders (EWB), is an exemplary model of what
Canadian university students are interested in. Created in 2000, EWB Canada has
rapidly increased in popularity across the country and is currently comprised of over
15,000 university members and has sent more than 160 volunteers to placements overseas [100]. EWB continues to gain international recognition and popularity among

CHAPTER 4. RESEARCH IN ENGINEERING

120

university students. It has illustrates how many students are passionate about development and are willing to forgo paid summer employment experiences for volunteer
projects in foreign countries. EWB and QPID are popular outlets for students to
converge their education with their passions and thus should be recognized by university educators and administrators. Their continued popularity and longevity are
worth noting and addressing within curriculum.
Observing the EWB conference in Calgary, Alberta in 2007, revealed the level
of interest amongst engineers in working for development5 . There was a constant
buzz throughout the conference and students were very enthusiastic about their small
group discussions, workshops, and general conversations. In each of the activities the
students were fully engaged. This was a conference unlike any I have experienced
in terms of enthusiasm and hope for change. The students wanted to truly make a
difference and be a part of a group that provided the platform to do so [102].

4.3.4

Humanitarian Engineering Forums

This section analyzes the concerns and interest of a proposed program of International
Development Studies for engineers. The proposed program that was presented in the
forums was very basic and was based on general philosophies and ideas. At the time,
there were two proposed structures for the program. The first proposition was a
one-year master’s degree that had eight “Humanitarian Engineering” courses and a
summer work term . The second proposition was a four-year undergraduate option
that would be taken in conjunction with the students’ current engineering discipline.
5

The conference was at maximum capacity (400) within two weeks of opening registration and
had to increase the number of student participants to try and accommodate for the demand. The
conference was attended by almost 500 participants [101].
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Similarly, this option would consist of eight “Humanitarian Engineering” courses, as
well as relevant electives in the Faculty of Arts and Science. The point of the forums
was to invite comments on the proposal of introducing development studies topics to
engineers through specific curricular reforms.
In March and April of 2006, Ph.D student Jonathan VanderSteen and I organized
open forums for Civil, Mechanical, Chemical, Geological and first year engineering
students. The forums consisted of a short presentation, followed by discussion and
a questionnaire. The date and attendance of each form is displayed in the following
Table 4.3.
Department
Civil
Mechanical
First Year
Chemical
Geological

Date
March 8
March 22
March 29
March 31
April 4

Attendance
12
46
23
3
6

Table 4.3: Humanitarian Engineering forums conducted by J. VanderSteen and J.
Miller in 2006 [4]
The variation in the number of students who attended each department’s forum may not have represented departmental interest in general as there were some
variations in how the forums were conducted and advertised. First, the advertising
methods were inconsistent. Although department-wide emails and posters were used
for all forums, the timeline of these invitations varied. For example, the Civil forum
was not advertised until only a few days ahead, whereas the subsequent forums provided more lead-up time. Secondly, it was only in the Mechanical forum that we were
able to find funding to offer (and therefore advertise) pizza to those who came. This
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was an obvious incentive for the students, which can be reflected in the attendance
numbers. Thirdly, the Chemical and Geological forums were held in the last weeks of
the school year and conflicted with due dates for some major projects. Mr. VanderSteen and I had no prior knowledge to the specific due dates until we conducted the
forums. Therefore, it is unsafe to assume that Mechanical engineers would be more
likely to participate in a Humanitarian Engineering program at Queen’s based on the
attendance numbers.
However, the discussions that took place in the forums were consistent and were
based around the following questions: What are your biggest concerns? What skills
do you think are necessary? Which courses would provide/introduce these skills?
Which courses are relevant to this option? What are your concerns about the field
placement aspect? Does the name “Humanitarian Engineering” concern you, are
there better alternatives?
Regarding the first question, there were a few topics that were brought up in several forums. Specifically, students were concerned with the project placement length
and costs6 . They also wondered whether this program could not just integrate existing
programs, i.e. QPID and Queen’s Global Development program, and whether or not
this was an employable degree, i.e. industry would be interested in a “Humanitarian
Engineer”. Also, students were concerned about the program meeting accreditation
requirements set out by the Canadian Engineering Accreditation Board (CEAB) [4].
The discussions on the necessary skills required of engineers for a Humanitarian
Engineering program were generally of lesser importance to the students than the
other discussions. Generally, students assumed that they would need to understand
how to interact with the group they were working with. This meant that students
6

Specifically students were concerned about giving up a summer of work for this program
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needed to take religion and language courses that were relevant to their area of study.
They also assumed that students would require a specific course that would prepare
them for the possible “culture shock” that would be experienced while traveling to
a foreign country. They often referred to QPID and the Queen’s Development Studies programs for the skills and courses that would be necessary for Humanitarian
Engineering [4].
The students also indicated that although there were many existing courses in
other Faculties at Queen’s University, there was also need to make courses that were
specific to engineers and focused on issues like, social justice, international development and relief and engineering.
After the discussions, students were asked to participate in a questionnaire to
collect general information and thoughts on the idea of implementing the program
and preference of how the program should be structured. The students were invited
to rank their interest in participating in a Humanitarian Engineering option based on
five proposed scenarios: a Master’s program taken after their undergraduate degree;
a four-year option taken concurrently with their undergraduate degree; a one term
program; a several term program; a certificate program that would not show up on
their transcript. The following table presents the results from the survey where 0
represents no, they would not participate and 4 represents absolutely, they would
participate. The results indicated that most interest was in a four-year concurrent
degree program or the Master’s program.
It was found from the forums and questionnaires that students at Queen’s University were very interested in a program in engineering focused on international
development and technology application for marginalized communities. There were
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4 Year Program
No transcript
One term
Multiple terms
Master’s Degree

Overall
3.3
2.3
2.7
2.2
3.4

Chemical
4.0
2.5
2.5
2.0
3.0

Geological
4.0
2.8
3.2
3.0
3.6
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First Yr.
3.2
1.7
2.6
2.0
3.5

Civil
3.1
2.4
3.2
2.6
3.6

Mech
3.3
2.5
2.7
2.0
3.3

Table 4.4: Student interest by department in various Humanitarian Engineering program structures [4]
90 forum participants overall and the proposed program was overwhelmingly wellreceived, with almost all attendees declaring a level of interest[4]. The interest was
shown not only in the numbers of respondents/participants, but also in the excitement of the discussions and continual contact that VanderSteen and myself received
from both students who were at the forums and from those who were unable to attend. These forums indicated that students wanted to have the chance to discuss
these topics in their curriculum and in the context of engineering.

4.3.5

Case Study of Humanitarian Engineering for APSC
190: Professional Engineering Skills

For the 2006/2007 school year, I was given the responsibility of course administrator,
coordinator and lecturer for the first year Applied Science (engineering) course APSC
190: Professional Engineering Skills. A major aspect of this course was to introduce
some of the philosophies and ideas of Humanitarian Engineering7 . The course incorporated both a module and project that reflected the social and environmental
7

Further discussed in next chapter
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concerns of applying technology in marginalized communities. I co-taught the module with Master’s student Imran Ali to all 540 engineering students throughout the
first week of the second semester. It consisted of a one hour presentation followed by
two hours of discussions. The project portion of the course invited students to choose
between a “Humanitarian” engineering-focused project and a “Technical” project on
an engineering disaster designed for North America8 . During the project I facilitated
discussions for six groups of 11 to 15 students (77 total).
In order to judge students’ interest in “humanitarian engineering” topics, the students’ discussions within the module, the project and the extra-curricular discussion
group were closely observed and interpreted. A survey was used to determine the
level of interests and enjoyment that the students had in both the module and the
project. As well, the number of students who enrolled in the “Humanitarian” project
versus the other option was collected and interpreted.
There were many students (a majority) who found the discussion topics interesting
and very engaging. There were many students who also commented afterwards that
they had not thought of these topics before and found the topics refreshing [98].
However, despite the enthusiasm and interest that was shown during the modules,
the students’ feelings were best represented in their surveys –discussed in further
detail in a following section.
Of the 529 students who were continuing the course after the first week of second
semester, 289 (55 percent) signed up for the “Humanitarian Engineering” project
and 240 signed up for the “Technical” project [103]. Although the difference was
small, students who chose the Humanitarian project made a statement that they were
8

Although one project was seemingly more focused on “Humanitarian Engineering”, both projects
were purposefully designed to integrate socially and environmentally-complex situations that would
foster the development of “softer” engineering skills.
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interested in humanitarian engineering ideas rather than the traditional engineering
problems. It was also clear while teaching the project that students became passionate
about issues of injustice, poverty and marginalization. Debates in the class occurred
often and with great emotion as students were able to conceptualize the realities of
poverty and the engineer’s impact within it.
One of the most significant observations made was by watching many of the students’ emotional reactions while learning about, and discussing global issues. At first,
there was a general level of ignorance amongst the students, but as the topics were further discussed and explored, the students often became angry at the injustice. They
then became hopeful in seeing that engineering technologies could be a source of aid
and often frustrated by the complexities of applying technology for such situations.
However, after this experience the students were often left with a sense of wonder and exploration. Students often brought articles and presented new topics to
subsequence classes, which was beyond the scope of the project. In such a short
course, many students had in fact become incredibly passionate about the issues of
international development and relief.
The surveys, which were completed on the last day of the project, provided the
students’ most honest interpretation of the APSC 190 modules and projects. A sample set of 279 student survey responses representing both projects (Humanitarian and
Technical) was used. Of the ten different modules that were presented in the first
week of second semester, the surveys indicated that the Humanitarian Engineering
module was rated the “most enjoyable” by 16 percent of the respondents [104]. It was
generally found most enjoyable or the second or third most enjoyable by all students
surveyed. The general comments for the modules were that it was well constructed,
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interesting, engaging, insightful, and not expected in engineering. Students said that,
“it made you want to make a difference” [98]. Other comments included that it involved the most creative thinking, opened their eyes to the amount of responsibility
involved in engineering, and that they saw real-world applications. Most of the criticisms that were found tended to be in how it was presented. For example, students
said there was not enough interaction, or that it was not applicable to all engineering
jobs. Some students simply did not enjoy the subject or found some parts irrelevant
[104].
Because surveys were used from both projects (“Technical” and “Humanitarian”),
only half of the sample set of surveys (139) could be used to analyze the success and
interest of the project portion of APSC 190. Using these surveys, the most common
comments (in terms of the project’s content) were that students liked learning about
how engineering fits into the real world. They really enjoyed researching a different
country in a different context and discussing the intricacies of “helpful” development,
i.e. that sometimes good intentions are not enough in an international development
context. They enjoyed the self-direction and independence they had in assessing the
situation at hand [104].
The final indication of interest in Humanitarian Engineering from APSC 190 came
from the biweekly discussion group Mr. Ali and myself provided for the first year engineering students. These sessions had over 20 students come on a regular basis,
ten of which developed their own student-lead group called Queen’s Humanitarian
Engineering and Appropriate Technology (QHEAT). QHEAT was dedicated to discovering (or designing) appropriate technologies for international development and

CHAPTER 4. RESEARCH IN ENGINEERING

128

relief and to discussing the role of engineering technologies in marginalized communities. During these sessions, students often commented on how these discussions were
so relevant and therefore so important to engineering curriculum [105].

4.3.6

Female Enrolment in Engineering

One of the most significant findings in researching engineering enrolment was the
obvious gender imbalance. The 2004 Michael Campbell Robinson Consulting company’s survey of engineering enrolment of 17 universities indicated that between 2002
and 2005, female undergraduate enrolment decreased by 18 percent [2]. However, in
the 2006 survey from the Canadian Council of Professional Engineers (CCPE), 43
responding Canadian universities indicated that the proportion of female undergraduate enrolment in engineering peaked at 20.7 percent of total engineering enrolment
in 2001 and has declined to 17.5 percent in 2005 [3]. They found that female enrolment dropped in all of the engineering disciplines, both in absolute numbers and as
a proportion of total enrolment.
The results from both surveys inspired two questions: first, which engineering
disciplines do females register in and why? Second, why is female enrolment so weak
and continuing to drop? Understanding these questions might present what female
students are interested in (in terms of engineering), and therefore how to improve
engineering education to increase female (and engineering, more generally) enrolment.
Looking at enrolment trends by discipline, the CCPE survey indicated that chemical engineering –where women made up 43.8 percent of the undergraduate population
in 2001 –enrolment decreased to 38.2 percent by 2005. Female enrolment was also
down in smaller programs like geological, environmental and biosystems engineering,
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where women had comprised roughly 40 percent of the students. The smallest declines however were found in civil engineering [3]. Table 4.5 presents the total full-time
female undergraduate enrolment in engineering programs from 2001-2005.
Discipline
Computer
Electrical
Industrial/manufacturing
Geological
Environmental
Mining or mineral
Mechanical
Chemical
Biosystems
Civil
Software

Enrolment
-47.9%
-26.2%
-20.5%
-19.37%
-17.4%
-10.0%
-9.4%
4.0%
18.9%
5.0%
54.3%

01/02
895
1884
550
160
270
60
1489
1461
212
1112
92

04/05
466
1391
437
129
230
54
1349
1520
252
1612
306

Table 4.5: Total full-time female undergraduate enrolment in engineering: 2001 to
2005[3]
Basing judgment purely on the percentage differentials is difficult because as was
mentioned earlier, the popularity depends on the total number of females that were enroled in the disciplines. Judging popularity on 2005 numbers it would seem that Civil
Engineering (1612) is most popular among women and is gaining support. Chemical
Engineering (1520) presents the second highest number of female enrolment, which is
also increasing, followed by Mechanical Engineering. Although Electrical Engineering
was the most popular discipline (based on enrolment numbers) in 2001 (1884), it is
clear that its popularity among females in rapidly decreasing.
Within the smaller disciplines, software engineering is seeing the greatest increase
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in enrolment followed by biosystems engineering. Disciplines such as mining, environmental and geological have shown a decrease in enrolment since 2001, but only
slightly.
However, looking only at enrolment does not provide enough information as to
why females are not participating in engineering. The variations that exist between
each school’s engineering programs and engineering disciplines makes it very difficult
to identify features or perceptions of a discipline that would render it more enticing to
females. Therefore, it may be more important to look at the overall enrolment numbers for engineering in order to assess why females are not participating in engineering
programs.
Neither the CCPE nor the Campbell Robinson survey reports gave indication as
to why female enrolment was decreasing. However, in analyzing other international
research papers, there were a few clear and common practices that were necessary
in order to attract females to engineering. The studies suggested that it was the
perception of the industry and the pedagogy of engineering education that were the
main factors.
Sue Rosser, Dean of the Liberal Arts College at Georgia Institute of Technology
has studied women in science and engineering for 30 years and had mapped out 20
pedagogical criteria for attracting and retaining women in science. She found that
first, women needed to understand how their work affects society. Glenn Ellis of
Smith College teaches “engineering in context” and heavily incorporates the social
implications and contextual stipulations of engineering applications. His program has
been wildly popular among both students who never considered majoring in engineering and women. Rosser argues that women need to understand the practicality of
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science and engineering and whether it provides social usefulness. One of the things
that women are looking for when they evaluate their careers is ways to make a difference. Consider for example that many females enter medical school, which has very
little difference from engineering in terms of criteria of acceptance. The reason has
been assumed that females see a social relevance in medical school [106]. A report
by Women In Science and Engineering (WISE) explains that research shows that
girls can respond positively when science courses focus more on the “human” and
“everyday” aspects of engineering [107].
Betty Jacobs from University of Technology Sydney (UTS), explains that from
her many years of experience, the biggest stumbling block to young women entering
engineering is a lack of understanding amongst high school students and teachers of
the role of engineering in society. The issues that underpin this is that engineers
have a poor public image and are seen not as people who help but as those who are
the cause of environmental problems, who build buildings, roads, cars and bridges,
and cannot communicate with the public or professionals other than engineers. She
believes that this image is further perpetuated by the fact that engineers do not
typically teach in high schools and conversely, teachers are unaware of actually what
engineers do, thus creating a communication gap between prospective engineers and
actual engineers [108].
WISE found that various studies have shown that girls tend to drop out of science,
engineering and technology courses because the subjects are perceived as “cold” and
“impersonal” and offer them little opportunity to “work creatively”. This impersonal
identity has been perpetuated by society’s lack of understanding of what engineering
is [107].
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In order to combat the negative public image, many articles suggested that mentorship is a critical tool for inspiring young women to enter engineering fields. The
National Academy of Sciences, National Academy of Engineering and Institute of
Medicine found that women were almost twice as likely as men to have chosen a
science and engineering major through the active influence of someone important to
them, such as a mentor, relative, teacher or friend [109]. Jacobs has seen a significant
increase in female enrolment at UTS (2 percent of total program in 1981 to 14 percent
in 1999) and believes that the success is in large part because of the partnerships they
have made with role models in industry to whom students have access to and can
meet and speak with [108].
WISE simply says that introducing positive female role models in engineering and
technologist positions can have a “marked” impact that can be further supported
if that role model demonstrates that they satisfy personal and family lives with an
interesting and rewarding career. When these role models provided more direct and
individual guidance and advice, their effectiveness in influencing females to enter
engineering was exponentially heightened [107].
Queen’s University boasts that their Applied Science faculty has had “one of the
highest percentages of female students” in engineering programs in Canada, representing about 25 percent of undergraduate students in 2000. In order to support
female enrolment, Queen’s Applied Science implemented a Visiting Scholars Program
that allows undergraduate engineering students to interact with female engineering
role models from other universities around the world [110].
Many studies also suggested that females are more appreciative of courses that
reflected and support engineering’s social usefulness. Rosser explains that women
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thrive in a collaborative approach to problem-solving, which exemplifies communication, team skills and management skills. At Penn State, a Leadership Development minor, which addresses such skills as leadership, communication, team building, management, etc., has been attracting women in “disproportionate numbers”
[106]. WISE’s research also found that female students responded very positively
when science courses allowed them to think creatively, work in teams and problem
solve. WISE also found that engineering and technology courses that combined technical aspects with subjects other than straight science often attracted a proportion
of female students [107].
In another attempt to gauge female interests, the gender of participants of the
Humanitarian Engineering Forums, the Humanitarian Engineering projects of APSC
190, as well as the biweekly Humanitarian Engineering discussion groups for firstyears, were assessed and measured.
The total attendance of the forums was 90 students. Of those students, 42 (46.7
percent) were female [4].
For APSC 190, the students were given the opportunity to choose between a
“Humanitarian” project and a “Disaster” project. There were 113 first year female
students who indicated a preference. Of those 113, 74 (65 percent) chose the Humanitarian Engineering project.
Queen’s University’s Applied Science Program has a slightly higher representation
of females compared to the Canadian average, however considering this imbalance,
it was impressive to see that the Humanitarian Engineering forums had a fairly even
gender balance. Also, the APSC 190 projects showed that a clear majority of the
females when given the choice would rather participate in a project that followed the
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Chapter 5
Humanitarian Engineering
In 2005, 806,000 full-time students were enrolled in Canadian universities; 273,000
students were enrolled as part-time students and almost 40,000 people were employed
as faculty members [111]. In 2005 there were more than one million people in Canada
who were a part of an institution of higher learning and who were taking part in the
courses, programs and priorities of their particular university.
An educational institution is a safe environment for students to explore the social
and environmental consequences of technology because at university, students are free
to question, explore, make mistakes, and fail. At school a failure has no immediate
impact on society, where as for a practicing engineer, a failure can have very real
consequences. At university, a student’s responsibility is to themselves. Therefore,
universities should ensure that they promote the significance and power that engineers have on society and the environment and allow students to understand the
consequences of applying technology. However, from personal observations in several
countries, and from researching the perspectives of industry, academia and the student body, there is evidence of inadequacy in current engineering programs. Despite
135
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the requirements that have been set out by the Canadian Engineering Accreditation
Board to ensure that students are cognizant of the impact of technology on society
and the roles and responsibilities of professional engineers in society, there were several major themes presented in the research of this thesis indicating that what is
currently being taught does not adequately prepare students for their future roles.
Specifically, research suggested that the rate and impact of globalization and technological advancements is creating unprecedented conditions for which an engineer
must be prepared to engage with. The research also indicated a need to increase
curricular focus on social and environmental consequences of applying technology,
on interdisciplinary and multi-cultural teamwork, and on incorporating non-technical
courses such as politics, economics, humanities, communication and social sciences.
The research also suggested that there is a need for engineers to recognize and understand the issues of low-income countries and marginalized communities and that
engineering programs must incorporate service learning into the curriculum. There
were arguments that service learning consequently improves the students’ team-work
skills, communication skills and cooperation skills. There were arguments that indicated that current engineering curriculum should not be replaced but rather that
existing programs need to reexamine and reinvent the priorities and pedagogy of their
programs. As engineering becomes more internationally focused, there are certain
characteristics and traits that a good engineer should be invited to adopt. Engineers
should be leaders who have high ethical standards. Engineers should be creative,
committed to life-long learning, open, conscientious, emotionally stable and show a
sense of empathy. Overall, engineers need to improve their image and show that their
work is socially and environmentally useful. Ultimately, engineers need to be viewed
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as humanitarians.
It is not possible for current engineering curriculum to provide the courses and
materials needed to prepare for the global context facing today’s graduates. Humanitarian Engineering is a proposed program for Queen’s University’s Faculty of
Applied Science, which challenges the conventional methods of engineering education
by recognizing the importance of context. The program encourages a paradigm of
principles and philosophies that will hopefully be applicable to a majority of the contexts that engineers will face. Humanitarian Engineering will encourage new ways
to do engineering where engineers apply their skills with a greater sense of humility
through a holistic, socially and environmentally conscious approach. Engineering is
an already intensive program that cannot afford to compensate the necessary technical aspect for non-technical aspects. Therefore, this chapter proposes a program
in Queen’s Faculty of Applied Science that can incorporate the technical, social and
environmental expertise that engineers require in a globally context.
This chapter addresses the proposed structure of the Humanitarian Engineering
program as created by the seven-member advisory board. Further, it addresses the inspiration and principles that should direct Queen’s Humanitarian Engineering, based
on the research of this thesis. The intent of this chapter is not to discuss in great
detail the logistics of the implementation of a program such as Humanitarian Engineering but rather to establish a discussion on how engineers could embrace a more
holistic and socially conscious approach to engineering in their education.
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Proposed Structure of the Humanitarian Engineering Program

According to the Queen’s Humanitarian Advisory Board:

A humanitarian engineer applies science, mathematics and engineering
skills for the purpose of improving the welfare of the less advantaged and
to meet the needs of development. They put the social and environmental
consequences of technology as the key constraint to the design procedure
[112].
The program at Queen’s University is to be offered as two options: a one-year Master’s of Engineering degree (M.Eng) and as an undergraduate option within an existing undergraduate degree (B.Sc (Eng)). Initially, the program will be introduced
as a Master’s degree available to graduates of all engineering disciplines. For eight
months the students will participate in specifically designed course work (technical
and non-technical), followed by a four-month field placement in a marginalized community1 . The undergraduate option will be implemented after the M.Eng program
is established and will be available to students enroled in the Faculty of Applied Science at Queen’s University. It is expected that accreditation will be more difficult
in the undergraduate option than the graduate program and thus will take longer to
implement. In the undergraduate option the students will combine the Humanitarian
Engineering “option” with their four year degree in an already established discipline,
i.e. Civil, Mechanical, Electrical, etc. The programs will be taken concurrently. Similarly to the M.Eng option, the undergraduate degree would require completion of the
1

Humanitarian Engineering will focus on marginalized communities in both an international and
national context
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specifically designed course work as well a four month work term locally or abroad in
cooperation with a marginalized community.
In both programs the students will be required to participate in a non-credit
seminar series which will present various speakers addressing various issues of development. This element of the program will present case studies and scenarios from
many different communities/perspectives, which allows the students to gain a broader
perspective on engineering application in a global and local context. These seminars
are planned to take place in conjunction with the existing Studies of National and
International Development (SNID) organization that meets weekly on the Queen’s
campus.

5.1.1

Possible Courses

A proposed list of potential technical courses (as outlined by the advisory board) for
the graduate and undergraduate programs are included in Appendix G. For nontechnical requirements, the Humanitarian Engineering students will be encouraged
to take existing courses from other departments. For a list of courses that would be
appropriate see Appendix H.

5.1.2

Field Placement

All Humanitarian Engineering students will be expected to participate in a fourmonth project placement in a domestic or foreign marginalized community. In their
specific placement, the students will be able to apply their skills with a partnering
organization to help address or work on issues of development. For example, a student
could be partnered in Sri Lanka working on disaster preparation relief and programs
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such as tsunami early warning system or disaster-relief shelters. Other projects could
include working on water purification and distribution in India; sanitation systems in
Ghana; coastal rehabilitation in Indonesia. The Humanitarian Engineering Advisory
Board already has permanent partners in many international communities, including
Peru, India, Sri Lanka, Indonesia and Ghana.
Students will select a placement from a list of locations identified by the advisory
board where a healthy working relationship and contact has already been established.
It is vital to the success of the program that there exists a long-term relationship
between the Humanitarian Engineering program and the community in question. It
is necessary that all parties are benefiting from the relationship and that all projects
are as successful as the circumstances allow. Expected partners for these projects may
include non-governmental organizations, charities, governments, aid/relief groups and
groups affiliated with local universities.
There are several contentious issues that must be debated when considering the
inclusion of a field placement aspect to an education program. In light of this, the
advisory board has taken great effort to debate and discuss the appropriateness of
such an educational tool and further, the most effective methods for its success. The
most notable issues that have arisen include:
• Is short-term work more detrimental than helpful?
• What is the most appropriate time frame for a student to engage in a field
placement, i.e. is four months too short?
• Which communities/countries will students go to? And do we have full time
contacts in the host country? Is the country safe?
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• How much benefit will the host country receive in comparison to the educational
benefits of the students? Are these selfish endeavours?
• How do we adequately prepare students (physically, emotionally and intellectually) for their placement?
• Do marginalized communities want/need the services of a Queen’s Engineering
student?

5.1.3

Funding

In order to ensure financial constraints do not deter potential Humanitarian Engineering students from participating in the field placements, an endowment fund has
been established to support the students. The fund will be used to cover all expenses
otherwise imposed on the student such as transportation, room and board. The fund
will also be used to support any administrative costs in establishing the partnerships.
Currently, a fundraising campaign has embarked on an ambitious goal of raising
$5 million. Donations would be put directly into the endowment as a basis to sustain
the program. There will be no individual sponsorship sought out by the students
as it is expected that the Humanitarian Engineering program at Queen’s, through
the endowment, will be able to support 25 graduate students and approximately 35
undergraduate students each year [112].
It is our hope that the uniqueness of the program as well its motivation and underlying principles will suit the motivations of many interested sponsors. In discussions
with Tom Kaneb, graduate of Queen’s Applied Science ’72, a Professional Engineer
and a financial contributor, the direction of the Humanitarian Engineering program
may be something that will have wide ranging interest and support. Kaneb explains:
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This program is a perfect fit with my personal philanthropic mandate its multi-dimensional approach allows my donation to be effective in a
number of areas: humanitarian aid, capacity building, opportunities for
youth and education. The assistance it provides is bilateral: communities
are given the tools, education, and technology for change, and students
are given a life-altering experience that will enable them to become world
citizens for global change. . . feel that by investing in sustainability and
capacity building projects, my donation is leveraged into a multitude of
lasting returns.

5.2

Personal Contribution

The following is based on the research and motivations explained in previous chapters
and introduces the principles, philosophies and objectives believed to best suit a
Humanitarian Engineering program.

5.2.1

Advisory Board

Despite the idea’s inception by Dr. Kevin Hall, (P.Eng, Head of the Civil Engineering
Department), the Humanitarian Engineering program is being initiated by a sevenperson committee comprised of Professional Engineers, Queen’s graduate students
and faculty members from the Queen’s Faculty of Applied Science, Global Development Studies Department and from the International Centre for the Advancement
of Community Based Rehabilitation based out of Queen’s University. As a member
of this committee, I have been able to contribute to the establishment of the principles and philosophies of the Humanitarian Engineering program. Moreover, the
research conducted in this Master’s thesis will hopefully provide further insight into
the discussion and promotion of a Humanitarian Engineering program at Queen’s and
elsewhere. It is hoped that the research will provide a better understanding to those
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who are considering the effectiveness of such a program and whether or not a similar
program would benefit their school, and more importantly, society at large.

5.2.2

Intended Demographic

There are two distinct perspectives that were considered throughout the research
of this thesis and for the Humanitarian Engineering program. First, there are students who are already actively participating in discussions and organizations relating
to international development and relief. These students are represented by those
described at the EWB conference who have dedicated their university education to
learning about how engineering and technology could provide basic needs and improve
the livelihoods of marginalized communities. However, there is a second particular
perspective that was considered. There are also engineering students who are uninterested in development and relief and who are training to become engineers who design
and build for a broader context. With the increasing impacts of globalization and
international relationships made by engineering companies, there is an inevitability
that most engineers will be dealing in an international context and would therefore
benefit from Humanitarian Engineering principles.
Humanitarian Engineering hopes to foster discussions between both critics and
supporters of development and to initiate discussions of the social and environmental
impact of engineering with all engineers. As the research indicated, the engineering
profession is international and now, more than ever, engineers are capable of influencing people and environments across the globe. Although Humanitarian Engineering
seems more appealing to the students who are already interested in development,
the program will hopefully attract and create a discussion amongst engineers who in
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general need to be increasingly aware of the challenges and complexities of applying
technology in a global context.
The Humanitarian Engineering Advisory Board also believes that an official Humanitarian Engineering office could be beneficial to the program’s implementation
and success. The office would be responsible for creating the courses, organizing the
projects and speakers, and would serve as an identifiable resource on Queen’s campus. The hope is that by creating an office of Humanitarian Engineering at Queen’s
and further implementing curriculum, students will become aware that the school
has taken this program and its subjects seriously, thus promoting its importance in
engineering education.

5.2.3

Objective of Humanitarian Engineering

Within its currently proposed structure, the objectives of the Humanitarian Engineering program are to: learn, question, think and contribute. The program is inspired
by Maslow’s hierarchy of human basic needs and assuring that the technology that is
created today benefits all people, including marginalized communities. The program
is meant to encourage a forum for discovery and inspiration; a place where students
will be able to explore the realities of global inequality and examine how technology
and applied science influences social and environmental circumstances. By giving
the students the opportunity to explore issues in classes, in seminars and through
participation in a project, Humanitarian Engineering students will hopefully grasp a
more holistic and socially-conscious approach to applying technology. This will lead
to graduates who are motivated to prioritize and work for meeting basic human needs
in a sustainable manner.
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The greater objective of the course is to prepare engineers for the complexities
of their generation by encouraging a paradigm that is based on humility. Today’s
engineers will be called upon to work in challenging and complicated circumstances.
These circumstances require students to understand technology and how to appropriately apply technology to minimize negative impact to the economy, society and the
natural environment. The state of the world will depend on leaders and the ideals,
morals and directions of such individuals. Engineers are great leaders and have the
potential to imagine and construct the environments in which society exists. Humanitarian Engineering intends to provide an appropriate moral compass for engineers in
such positions.

5.2.4

Philosophies of Humanitarian Engineering

From observational research, there are three identified philosophies that are believed
to best direct the Humanitarian Engineering program: humility; appreciation; and
cooperation.
Humility in Humanitarian Engineering is the ability to recognize beyond oneself
[74]. As it was discussed in Chapter 2: Society and Technology, technology is an incredible tool for social and environmental change. The impact of technology is so wide
ranging that it is impossible for any engineer to be fully considerate of all technical,
social and environmental variables within the design and application of technology.
This is true especially when considering the pace of globalization and technological
advancements and the complexity and intricacies of the problems that the next generation of engineers will inherit. Humility becomes invaluable for preparing students
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for their impact on sustainable societal progress. Educational institutions cannot adequately provide the technical knowledge needed for an engineer in each individual
context. Therefore it is important that Humanitarian Engineering promotes humility
as an important engineering skill. Engineers must be cognizant of their competence
in this very interconnected world and act accordingly.
This philosophy does however present a paradox. Although engineers will never
truly understand, nor foresee, the full consequences of their actions, they must still
be proactive in determining the technologies that best address the needs of society.
Therefore engineers must recognize their competencies and understand how to communicate and appreciate alternative ideas and approaches.
This sense of appreciation depends on the students’ ability to accept humility. In
order for students to appreciate an idea that may differ but may also be more appropriate for the given context, the engineer must be able to believe that their ideas may
not be the most suitable. It is always critical to note that some of the best engineers
are those who may not necessarily be trained in a university. Cooperation is encouraged when an engineer can appreciate an idea or opinion that challenges their formal
training. The purpose of Humanitarian Engineering is to focus on marginalization,
which will undoubtedly present perspectives that differ from that of an engineering
graduate. However, it is these perspectives that are especially crucial when considering appropriate technologies for basic human needs.
Humanitarian Engineering therefore must also enforce the philosophy of cooperation. Not only the cooperation between various professions and experts, e.g. biologists, politicians, lawyers, technicians, etc., but also between the various perspectives
that are essential to understanding the local context. For example, in order to explore
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the problems of marginalized communities, the perspectives of marginalized people
are arguably the most important perspective. Teamwork is already an important
skill for engineers to have and Humanitarian Engineering should expand on this with
a focus on the perspectives of marginalized communities. In an effort to work for
larger global problems, engineers must not work independently and must learn to
truly cooperate with the appropriate partners.

5.2.5

Methodologies of Humanitarian Engineering

There are two specific methodologies that would promote and facilitate the philosophies of Humanitarian Engineering. In the field placement aspect of the course,
participatory action research (PAR) should be incorporated as a methodology. In
the course structure of the program, the principles and methodology of biomimicry
would best fulfill the program’s guiding philosophies.

PAR

Orlando Fals Borda chose the term participatory action research to converge action
research that is participatory, and participatory research that contains a certain action
for transforming reality [113]. An intention of PAR is to challenge the Western
constructions of the Third World and reject the assumption of expert knowledge by
valorizing local, non-western knowledge [114]. Ideologically, PAR promotes the view
that a “self-conscious people will transform their environment by their own praxis
as opposed to a social revolution attempted by a vanguard party with advanced
consciousness primarily through vanguard praxis” [113]. Paulo Freire, who was a
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legend in PAR, supported the “stimulation of self-reflected critical awareness on the
part of the oppressed people of their social reality and of their ability to transform it
by their conscious action” [113].
Participatory research is meant to engage the community, with emphasis on variety
and diversity, including discussions on national policy and legislative process between
family members, neighbours, or members of particular groups based on class, occupation, race ethnicity, gender, religion, or other identifiable perspectives [115]. PAR,
as it is observed, connects with micro-level activity and concentrates on local level
conditions [113]. However, the focus of micro-level activity of PAR has been criticized
as too narrow a focus. It is believed that the concentration on local problems devalues
the relationship of such problems with larger, over-arching influences such as national
government and global economics.
Mohan argues that, “more transformative approaches [of PAR] would also study
the global economy and transnational organizations and be prepared to criticize bad
practice” [114]. In defense of PAR’s focus on local analysis, its methodology is based
on observing local conditions, but in a very deep sense. There is an expectation
that PAR identifies multiple actors within the community in order to connect the
perspectives represented by the many various people and institutions. There is a
required commitment to identify and learn from those with distinct traditions of
acquiring and testing knowledge [115]. Researchers who utilize the methodology of
PAR believe that this deep local analysis is fundamental in avoiding the homogenizing
of the “community” [115]. There are many perspectives within a community and it
is therefore the researcher’s responsibility not to perceive them as one.
The analysis at the local level is also meant to discourage externally imposed
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knowledge and support collaboration with local knowledge, which may underpin more
appropriate and sustainable social development [114]. However, this argument has
also been criticized, in particular by Mohan, who believes that this view can actually
re-inscribe an authoritative relationship between an “expert” and “other”. Through
postcolonial studies, Mohan exposes participatory research as a disguised method
promoting Eurocentric ideologies. By valorizing the uniqueness of communities and
their local knowledge, Mohan argues that participatory research reflects the older
traits of how Western society confronted the non-West. The perception of mysteriousness and exoticism of local traditions and knowledge allows Western perceptions
authoritative representation over them [114]. Knowledge must be produced by detached observation where distinct realms of knowledge exists prior to the research
[113]. Considering this, it is through Western views that marginalized communities
are often homogenized and therefore misrepresented. From this perspective, participatory research that recognizes and validates traditional knowledge is an indirect
expression of superiority [114]. Brown believes that in setting the “poor” against an
“elite” we tend to romanticize their social systems and the way they operate. There
is a “primitivist” discourse in participatory research that interprets communities as
consensual and harmonious [114].
In order to deflect such patronization, Goebel believes that indigenous knowledge
and practices should not be a dichotomy of Western ideas. In fact, it is important to
consider the outcome of the relationship between Western and Indigenous knowledge,
because there is very little that is called “indigenous” that does not have something
“western” implicated in it [116]. Recognizing such interconnectedness will provide a
better dialogue where all perspectives are able to contribute.
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Participatory research must therefore include a dualistic transformation. It is
suggested that the research must extend beyond the “notions of self/other and insider/outsider” [114]. Katz said that it “is not a project of getting others to speak
as all knowing subjects of others . . . but rather to undermine this very construction
and recognize that none of us are all knowing subjectivities”. A new form of relations
must be made that provide the possibility of the researcher also becoming an object of research [114]. All parties can therefore explicitly state their perspectives and
discuss their interpretations as to generate inter-subjectivity amongst all parties and
diminish the assumption of “one form of knowledge as more complete or essentially
more appropriate” [114].
PAR as a methodology for Humanitarian Engineering will enable students to recognize the importance of communication and collaboration and will help engineers
appreciate the importance of understanding context by examining a community’s situation in collaboration with the community itself. PAR supports humility in that
it forces collaborative self-discovery under the notion that there are no all-knowing
participants in the process. Through PAR, Humanitarian Engineering students will
hopefully grasp the qualities that are being called for in service learning (discussed in
the previous chapter), such as emotional maturity, critical thinking, empathy, social
consciousness, leadership, etc. If engineers are to do development work, they must
understand the importance of relationships and be willing to engage at the (micro)
community level.

Biomimicry
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Biomimicry (from the Greek bios, meaning life, and mimesis, meaning to imitate) is a new discipline inspired by Janine Benyus’ book, Biomimicry: Innovation
Inspired by Nature that consciously emulates nature’s best ideas to solve human problems. Through observation, appreciation, and emulation, biomimicry uses nature as
a model, mentor and measure for human technology. It is a unique innovation tool
that provides engineers with the blueprints of which technologies to develop and how
to develop them appropriately, i.e. sustainably. Due to nature’s 3.8 billion years
of technological evolution, nature can be used to learn about what works, what is
appropriate and what lasts on this planet. Nature faces many of the same problems
as humans. For example, the natural environment regulates temperature, humidity
and light, it creates materials that are subject to stress, strain and shearing. It uses
adhesion, camouflaging and colour [34].
There are various levels at which to observe the form, function and ecosystems of
the natural world. The first level represents a “shallow” analysis of the form of the
natural world and emulate the exterior features of a species. For example, in 1945
Swiss engineer George de Mestral examined how the Burdock burrs (shown in Figure
5.1) were able to continually stick to his dog’s hair. Seeing that the burrs had little
hooks, de Mestral emulated the form of this studied fauna to create Velcro (Figure
5.2) [117].
However, another example of emulating form is how plane’s wings use the same
physics as a bird to create flight. This shallow analysis and emulation of nature
is just an introduction to biomimicry because in this context there still exists the
possibility of yielding an unsustainable product. Although emulating form is inspired
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Figure 5.1: The hooks of a Burdock burr[118]

Figure 5.2: The hooks of a Velcro [119]
by nature, it may be used in a “campaign against life” [34]. For instance, in 1903
humans emulated the flight of birds in planes, which by 1914 were most significantly
used for the purpose of war [34]. The principles of biomimicry advocate that it is not
only important to view the form of the natural world but as well the functions and
the systems that developed and are used by the form in question.
Therefore, a “deeper” view of biomimicry includes emulation of natural functions
and processes, which allow the observer to also appreciate the manifestation of the
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natural form. A great example of mimicking form is through a spider’s ability to
create spider silk which has incredible strength-to-weight ratio, using benign manufacturing (Figure 5.3). A spider can create its silk within the confines of its own
body and with materials particular to its environment. It does not use toxic chemicals, a large amount of resources, or the traditional “heat, beat and treat” method
of manufacturing.

Figure 5.3: A micro-view of a spider producing its silk [120]
The deepest sense of biomimicry analyzes form, function and systems inclusively
and includes the mimicking of natural ecosystems. This approach forces humans to
design with a holistic understanding of their impact. For instance, a design could be
made using bio-inspired fabrics and use environmentally-friendly chemistry, but would
be missing the point of biomimicry if it were to use centralized factories that pollute
and deplete rather than restore the earth’s natural resources. This level incorporates
the greater systems and ideas that are common throughout the natural world.
Benyus explains that the natural world runs on common operating parameters
and conditions called “Life’s Principles” and that these principles are what should
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judge the appropriateness of human innovation. The natural world holds the keys to
true sustainability because it has evolved effective strategies from the challenges it
has faced over the last 3.8 billion years of its evolution.
The parameters that life operates under include: optimizing rather than maximizing, using multi-functional design, fitting form to the function, leveraging interdependence, recycling all materials, fostering cooperative relationships, using benign
manufacturing, using life-friendly materials, using water-based chemistry, and using
self assembly. The natural world is also resourceful and opportunistic, in that it uses
free energy (sun) and builds from the bottom up using shape rather than materials to
maximize their benefit. Also, nature runs on feedback loops and learns and imitates.
It integrates cyclical rather than linear processes and is resilient [121].
In terms of incorporating biomimicry as a methodology of Humanitarian Engineering, there are a few important factors to consider. First, biomimicry is based on four
steps: quieting human cleverness, listening to nature, echoing nature and protecting
the good ideas through stewardship. Considering the philosophies of Humanitarian
Engineering (humility, appreciation, cooperation), biomimicry is an ideal guide for
encouraging students to unconsciously quiet their pride by asking the natural world
for advice on how to sustainably solve engineering problems. If engineers were encouraged in their programs to explore nature and see nature as a sustainable system
facing many similar problems as humans, then they would likely be more inclined to
protect and respect it. Students would recognize nature’s value beyond just a resource
for consumption. There are already examples of scientists and engineers around the
world who are using the methodologies presented in biomimicry to discover and create more efficient and more appropriate technology. Therefore, there exist numerous
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individuals and successful examples that demonstrate that the natural world has a
much more appropriate way of doing things [34].
Further, biomimicry is an interdisciplinary science. It is appreciated by biologists,
naturalists, scientists, economists, architects, farmers and engineers and is therefore
already providing a platform for which these perspectives can collaborate and work
together. Engineers need to learn to collaborate, they need to integrate their perspectives with the perspectives of other professionals. In understanding what nature
has to offer, a biologist and an engineer would be an ideal partnership because a
biologist would understand the inner functions of the item and the engineer would be
able to translate that into a practical application. Biomimicry would help eliminate
the “silos” of learning that educational institutions perpetuate by limiting integrated
learning partnerships.
Biomimicry is also an ideal interface for connecting with marginalized communities. It is a non-threatening interface for discovering solutions to human problems
because the ideas are inspired from a neutral source, i.e. not the Western engineer,
nor the marginalized. It may also be a way to appreciate nature from a different
perspective. For example, using biomimicry as a source of dialogue with developing communities may help Humanitarian Engineering students reconnect with native
traditions and techniques, thus provoking information that could enrich their view of
biomimicry and the natural world.
Lastly, biomimicry is about using nature in the process of design. Therefore, it
could be incorporated into the engineer’s design methodology. Biomimicry could be
a tool with which to incorporate nature and judge the sustainability of an engineer’s
design. There are two ways in which engineers/designers can become biomimics.
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Either they could look at nature and natural functions and extrapolate a practical
application from it (e.g. Velcro), or they can take a human problem (e.g. coastal wave
protection), biologize the question (e.g. how does nature dissipate fluid energy) and
find the champion adapters who, in the natural world, are the best at that particular
function (e.g. coral reefs, mangroves, etc.). From there, the engineer could create their
design. The following figure presents the biomimicry “design spiral” which provides
the steps that are used to guide human problems to a biomimic solution.

Figure 5.4: The biomimicry design spiral, challenging biology with human problems
[121]
There are many ways in which the methodologies and principles of biomimicry
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could be incorporated into (and benefit) Humanitarian Engineering. However, perhaps the most significant is that biomimicry provides a source of hope regarding
the issues of development. By providing the opportunity to introduce biomimicry,
discussions will revolve around solutions, which are environmentally and socially sustainable.

Chapter 6
Conclusion
There is a need and demand in engineering industry, engineering academia, engineering students, and society at large for engineers to be trained with a more holistic
and socially conscious approach to applying technology. This thesis explored the
impacts that engineers and technology have on social and natural environments. It
used observational research, existing studies, opinions, surveys and observations of a
proposed program at Queen’s University’s Faculty of Applied Science, to demonstrate
that current engineering education is in need of reexamination and reformulation.
Engineers have an obligation to provide the infrastructure that suits society’s
needs. As professionals, engineers are morally and legally bound by the Society of
Professional Engineers to protect the public where engineering is concerned. They
are the interface between science and society and invent and implement technology
for the benefit of mankind. However, today’s real world of technology is dominated
by prescriptive, rather than holistic technologies, and is defined by a system that is
broken down into identifiable and controlled steps and compartments. Prescriptive
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technology limits the latitude for individual decision-making and restricts the consideration given to external factors such as the social and environmental consequences
of engineering. It also creates a culture of compliance because society, i.e. the consumer or user, is alienated from the process of technological implementation. The
consumer’s distance from this process renders them significantly powerless in making
change to any part of it.
Prescriptive technologies are increasingly dominating the way things are done in
advanced industrialized countries, which are argued to be overly dependent on technology already. The pace at which technology is permeating the world is drastically
changing both social and environmental landscapes. Prescriptive technologies are
influencing the way societies relate to each other and to their natural environments.
Technologies may be created with a certain intent and an expected use, but they
are defined by their interaction with society and are subject to unknown and unintended consequences. An individual is capable of manipulating tools for their personal
benefit. Technology has incredible social influence and must be understood with respect to its potentially harmful outcomes.
Prescriptive technologies are also having a profound impact on how humans view
the natural world. Technologies continue to physically and psychologically separate
us from the natural world, perpetuating the notion that nature is a resource from
which to freely and carelessly extract from. Studies show that children are currently
being raised in a culture that is dominated by consumerism and view pollution and
environmental degradation largely as a problem to productivity and the economy.
The natural world has also been integrated into the prescriptive system. Humans
have shown a lack of interest in discovering and utilizing the flora and fauna available
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to provide for human needs. Human ignorance of the natural world is exemplified by
our diets and in the quantity of identified species on the planet. However, despite
all the projected environmental problems that humans will face, there is a general
acceptance that whatever circumstances do emerge, technologies (both existing and
expected) will be able to adequately deliver human needs and continue to sustain the
current way of doing things.
Despite the successes of modern technologies, there still exist incredible inequities
and injustices amongst the human population. Technology has not been able to
solve many of the major problems facing the global South today, for instance, the
conditions perpetuating unnecessary death and illness due to waterborne bacteria.
Despite the techno-optimism that many in the developed world embrace, there remain
millions of people who do not have access to their basic needs. Several important
individuals and organizations on the global stage are now calling on engineers to
create and apply technology for marginalized groups in an effort to help alleviate
these circumstances. However, in working with the marginalized and addressing their
problems, engineers must also understand their ability to alter (both positively and
negatively) the social and environmental landscape. Technology has incredible power
to manipulate relationships. If engineers of developed nations are being called upon
to use their skills and knowledge in communities that are generally foreign to them,
they must be cautious and aware of their potential to influence the existing economic,
social and environmental circumstances.
In traveling to Morocco, Indonesia and Sri Lanka as a recent graduate of an engineering program, it became evident that there were major themes that my education
had not adequately prepared me for. In Morocco poverty was prevalent, but so too
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was the influence of globalization and an international market. In the cities, there
was a growing sense of social homogenization where students were drifting from their
traditions and where infrastructure was being heavily bombarded by foreign investment. In Morocco it was clear that engineering was an international profession that
is impacting the social, environmental and economical conditions of all countries.
Indonesia introduced me to the importance of holistic engineering and the social
and environmental significance that engineers have. This experience revealed the importance of understanding context in engineering and the reality that ideas presented
in one context are not completely transferable to another, especially when dealing
with marginalized and low-income communities. It was also in this country where
the significance and importance of the natural world was most evident to me. Living
in a community that depended on more holistic technologies revealed the important
role that nature can have in our built environment. Indonesia introduced to me the
idea that nature could be used to learn from and inspire human invention.
In Sri Lanka, I was introduced to the importance of collaboration. Seeing the
devastation of the 2004 Indian Ocean tsunami opened my eyes to how significantly
marginalized communities are being impacted by natural disasters and how difficult
development and relief processes really are. In this project, teamwork generated a
positive approach to empowering the people of Sri Lanka and enabling them to help
themselves without significant international dependence.
In these three countries, I was inspired to question the existing structure and focus
of engineering programs. However, recognizing that these observations represented
only one alternative perspective, the perspectives of engineering industry, academia
and engineering students were also consulted.
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The research from industry and academia supported the idea that the future of
engineering will be unlike the conditions of previous generations. Today’s engineering
graduates will assume significant leadership on the international stage and therefore
require new skills. Specifically, engineers need to learn how to be self-educated. They
need courses in social sciences, business, economics, communication, and humanistic
sciences. Engineers need to learn within multi-disciplinary environments and to develop multi-cultural teamwork skills. They need a program that incorporates issues of
development and relief and that is committed to service learning in an international
context. Moreover, in their new role, engineers need to understand the current global
situation and the conditions of marginalized people. The research suggested that
current engineering curriculum should not be substituted but that engineering programs should be reexamining and reformulating their priorities and pedagogy. This
thesis suggested that the most appropriate way to prepare engineers is to provide a
paradigm that is built on creating moral leaders; leaders with high ethical standards,
who are creative flexible, conscientious, intellectual and emotionally stable.
Students are also indicating that they support the introduction of discussions on
international development and relief. Development Studies programs have continued
to grow in popularity in Canada and abroad and student-initiated programs continue
to provide evidence that students are interested in topics that relate to issues of
poverty, development and marginalized communities. These groups demonstrate that
students are increasingly concerned with issues of justice and peace and are committed
to making positive change.
Further, when engineering students at Queen’s University were introduced to a
proposed program called Humanitarian Engineering, there was incredible excitement
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and interest. Engineering students at Queen’s University expressed interest in being part of a program that is dedicated to educating socially and environmentally
conscious engineers who work for basic human needs in an international context.
Research also indicated that female enrolment in engineering might increase if
courses had more obvious social relevance. There is significant indication that females
are interested in a program with an obvious social focus such as the proposed program
of Humanitarian Engineering at Queen’s.
In order to appropriately meet the demands expressed by engineering industry,
academia and students, this thesis proposes an engineering program called Humanitarian Engineering. A seven-member committee helped establish a general structure
of the program that is being proposed to the Faculty of Applied Science at Queen’s
University, in Kingston, Canada. This program is based on a pedagogy that discusses the social and environmental implications of applying science and technology
in marginalized communities.
The objective of Humanitarian Engineering is to provide an environment and
opportunity for engineers to learn, question, think and act towards sustaining society,
local economies, and the natural environment. Humanitarian Engineering encourages
its students to humbly cooperate with the rest of the world in an effort to ensure that
all humans sufficiently meet their basic needs and that technologies have a positive
impact on the whole of society.
Humanitarian Engineering is also based on three philosophies: humility, appreciation and cooperation. These philosophies intend to highlight the complexities of
international development by ensuring that students recognize that it is a difficult
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process that requires an appreciation of new ideas and genuine cooperation. However, the program’s philosophies are not exclusive to students interested in working for
development and relief. Humanitarian Engineering presents philosophies that are applicable to engineering students from all disciplines and would therefore be promoted
as such.
The methodologies that would best suit this program were argued to be participatory action research (PAR) and biomimicry. PAR is based on development through
collaboration that diminishes the idea of hierarchy. PAR is a methodology that would
best be incorporated into the service learning aspect of the course and would inspire
the students to participate in self-analysis. Through this form of research, both the
student and community in which they are working are empowered to create change.
Biomimicry is a methodology that could be incorporated into Humanitarian Engineering courses. This methodology seeks to use nature as the model, measure and
mentor of human inventions. By learning to observe and appreciate the natural
world, engineers would be inspired to use nature as a way of solving human problems.
Biomimicry can teach us about what technologies work, what is appropriate, and
what lasts on this planet.
Overall, there is a great deal of support for the evaluation and reconstitution of
engineering curricula. The philosophies and objectives behind the proposed Humanitarian Engineering program at Queen’s, addresses the changing role and responsibilities of today’s engineers. Engineering students must be led by a moral compass,
one that acknowledges the larger picture and is dedicated to social justice, equity and
sustainability.
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Can your engineering degree help in international development?

If engineering plays a role in human development
should it be apart of the curriculum?

Are you interested in Humanitarian
Engineering?

Come be apart of the design and discussion of Humanitarian Engineering,
an option that would focus on the engineer’s role in developing countries.

WEDNESDAY, MARCH 29th 5:30pm in ILC 313
RSVP
Jamie Miller – jmiller@ce.queensu.ca

or

Jonathan VanderSteen – jonathan@me.queensu.ca

Forum.pdf
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A Humanitarian Engineering Option
Survey for undergraduate engineering students

Program: _____________________ Year of study: _________
Were you at our forum? ______
1. Involvement

a) Are you taking a dual degree? If so, what is it? ______________________________
b) Are you involved with an international development or related club (i.e. QPID)? If
so, which one? ___________________________________________________________

2. Complementary Studies Electives

a) Have you taken your linkage course yet? If so, which one did you take?
_______________________________________________________________________
b) How many complementary studies electives have you taken so far (not including your
engineering economics and communication courses)? What are they?
_______________________________________________________________________
c) Which complementary studies electives are you planning on taking in the future?
_______________________________________________________________________

3. Humanitarian Engineering

Answer the following questions on a scale between 0 and 4. Circle your answer.
Would you take this option if ...
0 = 'No way.' 4 = 'Very likely.'
a) you could do it in conjunction with a four year degree?

0 1 2 3 4

b) you could do it in four years, but it did not show up on your transcript?

0 1 2 3 4

c) you were required to take a larger course load in one term?

0 1 2 3 4

d) you were required to take a larger course load in several terms?

0 1 2 3 4

e) you needed an extra, fifth year?

0 1 2 3 4

f) if you needed an extra year, but could get a master's degree?

0 1 2 3 4
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4. Your Engineering Career
a) What attracted you to pursue a career in engineering? (Circle as many as apply.)
i) Interested in design and problem solving
ii) Interested in how things work
iii)Was good at math and science and thought engineering was best option
iv)Good possibility of high-paying job
v) Good job security
vi)Prestige
vii)Pressure from family
viii)Did not have a better option
ix)Other: ______________________________________________________
b) What career option is the most appealing after you finish your degree? (Circle 1 or 2)
i) Work for a large engineering consulting firm
ii) Work in industry for a large company
iii)Work for a small consulting firm
iv)Work in industry for a small company
v) Work as an engineer for the government
vi)Go to graduate school
vii)Do nothing related to engineering
viii)Get another, non-engineering degree (i.e. Law school, Med school,
Teacher's college)
x) Other: ______________________________________________________
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APSC 190 Project Descriptions

Technical Project Introduction
One of the major challenges facing engineers in the public realm is the task of
disaster management (sometimes called emergency management) planning. In order
to minimize the impact of any potential disasters and ensure the continued functioning
of vital services, engineers must anticipate the root causes and potential effects of
disasters. Once these have been identified, engineers must design action plans which
will ensure all essential services will be able to function as required. The disaster
planning process can be extremely challenging, since it is often the unforeseen effects
of disasters which prove the most troublesome.
There are many disaster-related resources available online.
As well, many municipalities have websites with information about their disaster
management plans.
Goals
This project will integrate the 10 modules presented in week 1 of APSC 190 with the
technical and non-technical aspects of disaster management planning. In addition to
considering the engineering systems at risk, engineers must also consider the human
impact of disasters. Since engineering is fundamentally concerned with human life,
these concerns are critical to the success of a disaster management plan.
Deliverables Students will submit a variety of weekly assignments both individually and in groups. All deliverables will relate to a central project theme which will
be addressed from different perspectives each week to simulate the many challenges
faced by engineers in the field of disaster planning and management.
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Humanitarian Engineering Project Introduction
Your team of engineers has been selected by the Canadian International Development Agency (CIDA) to carry out a development project in the Democratic Republic
of the Congo (DRC), a central African nation ranked 167th of the 177 nations included in the 2006 Human Development Index (HDI) ranking by the United Nations
Development Programme.
Understanding the historic origins and political realities of the DRC is essential
to operating safely and effectively within the country.
Funding is limited so your team will only be able to implement one type of technological intervention in a single community. Options that have been suggested thus
far include (but are not limited to):
• Biogas cookers
• Wells and hand pumps
• Wastewater gardens
• Solar desalinization units
• Multi-function platforms (MFPs)
• Affordable laptop computers ($100 laptop)
• Personal accessibility units
• Community composting units
• Charger bicycles
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Goals
This Humanitarian Engineering project strives to link the 10 modules of the first
week of APSC 190 with the plight of international development. How do ethics and
cultural awareness, sustainability and humanitarianism play a role in engineering
design and can conflicts truly be avoided? The project will test your ability to work
with constraints and limitations while providing an acceptable and rewarding service
to an international community.
Deliverables Weekly assignments are a requirement of this project, some of which
will be completed on an independent basis and others as a team. A final report will
be completed outlining the steps taken and lessons learned as a group to complete an
international project given a veritable number of expected and unexpected surprises.
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APSC 190 Questionnaire
Please fill out this questionnaire with regards to the APSC 190 course to the best of your ability. Your
answers are anonymous and will only be used to further improve the APSC 190 course for following
years. Thank you for your help.
List of 1 st Week Sessions:
Engineering Profession
Competency Awareness
Legal Obligations
Public Health and Safety
Ethics

Equity
Humanitarian
Sustainability
Cultural Awareness
Inclusivity (Friday pm)

1. Which session did you find the most effective and Why?

2. Which session did you find the least effective and Why?

3. Which 2 sessions did you most ENJOY and Why?
_____________________ AND ______________________

4. Which session did you least ENJOY and Why?

5. What theme or module do you think was overlooked / missed and should be included in the
course next year? What topics would it cover?

APPENDIX D.

6. Is there a module you would remove from the course? If yes, which module, and Why?

7. Do you have any comments and/or (realistic) suggestions on how the APSC 190 weeklong course
was run? (Course structure, time, content deliverables, attendance, etc.)

8. What part of the APSC 190 Project did you most enjoy? What part did you least enjoy?

9. Do you have any suggestions and/or comments for the improvement of the APSC 190 Project?

10. Please include any further comments or suggestions for any and all aspects of APSC 190 below.
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List of Universities that responded and were used in University Engineering Enrollment Survey: A Summary of the Findings
Brandon University, Concordia University, Mount Allison University, Okanagan University College, Queen’s University, Saint Mary’s University, Simon Fraser University, St. Francis Xavier University, Universite de Montreal, Universite de Sherbrooke,
Universite Laval, University of British Columbia, University of Calgary, University
of Prince Edward Island, University of Saskatchewan, University of Waterloo, The
University of Western Ontario,
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Club
Amnesty
International
(Queen’s Chapter)
Canadian Unified
Student
Environmental
Network (Queen’s
Chapter)
Discover the
Reality of
Educating Minds
(DREAM)

Keep a Child Alive

Make Poverty
History (Queen’s
Chapter)
Queen’s Project on
International
Development
(QPID)

Queens Controls
Arms
Students for
Humanitarian
Actions Through
Respect and
Education at
Queen’s
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Description
A like-minded group of students joined
by our common desire to promote the cause
of universal human rights.
A student-funded environmental and
social advocacy group promoting
education and action on
various environmental issues.
Sponsor five educational projects
in developing countries.

A student run-chapter of a
non-governmental organization dedicated
to providing Anti-retroviral medication
for people living with AIDS in Sub-Saharan
Africa.
Advocacy group for more and better
aid, trade justice, canceling the
debt, ending child poverty in Canada.
A volunteer initiative whose mission is
to assist developing communities improve
their quality of life. Since its inception
in 1990, QPID cooperants have successfully
completed grassroots, sustainable projects
in areas such as the environment, education,
infrastructure and health
QCA is dedicated to promoting awareness of
the international and domestic arms trades
and to educating the Queen‘s community
about its effects.
SHARE chapters function as non-partisan,
neutral organizations dedicated
to increasing awareness of and
physically bettering the plight
of mankind through various means
for various causes, without fear or favour.
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Students Helping
Others Understand
Tolerance

Its mandate is to educate Canadians
about genocide and promote
tolerance in our communities.
A non-governmental organization that provides
World University
a network for students and professionals
Services of Canada to become involved in different development
and work opportunities.
Table F.1: Examples of student-initiated, social action/special interest groups for development studies [5]

Club
Helping Hand
Association
(Queens)
Synergy
Students for a Free
Tibet (Queens)
Unitarian
Universalist Club
Habitat for
Humanity
(Queen’s)

Description
To offer students an opportunity to
volunteer for a variety of diverse
humanitarian charities through the
clubs activities, fundraisers and events.
Synergy is a multicultural club that
has a mandate to break barriers between
cultures and races.
To work to promote awareness of and
activism against the illegal occupation
of Tibet.
To learn about and discuss our spirituality,
promote social justice causes, and have
social events related to non-dogmatic
spiritual growth.
HFHI seeks to eliminate poverty housing
and homelessness from the world, and to
make decent shelter a matter of conscience
and action

Table F.2: Examples of student-initiated, political, religious, cultural/ethnic and
service groups for development studies [5]

Appendix G

195

APPENDIX G.

Course
Engineering for
Developing
Communities

Disaster Response

Water Issues

Appropriate
Energy
Sustainable
Infrastructure

Human Mobility
Devices
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Description
An overview of engineering considerations
for marginalized communities, including
design process, appropriate technologies,
agricultural practice and processing, sustainable
housing and energy,developmental aid and relief
organizations, womens roles, language and
communication. This course will also include
orientation and preparation for over seas travel
and work placements.
The effects of landslides, tsunamis,
hurricanes, tornados, earthquakes, and flooding
and their impact on affected communities.
Includes an introduction to disaster relief,
aid and housing, and an investigation of some
of the mistakes made in Humanitarian work.
An in-depth look at adaptable options for water
treatment and purification; technologies for
sanitation, irrigation, and source water access;
prevention and treatment of waterborne diseases;
and geological solutions for flooding,
drainage, and hydro power.
Basic energy requirements, fossil fuels,
and renewable energy sources.
An investigation of the basic principles
of civil engineering (i.e. sanitation, wastewater
treatment, construction methods, road maintenance),
and their adaptation in marginalized communities.
A look at the use and feasibility
of biomechanics and mobility devices such as
wheelchairs, tricycles, and prosthetics in
marginalized communities. Rehabilitation for victims
of land-mines and other disasters will be
examined from a social and economic point of view.
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The role of Information Communication
Technologies (ICT) in developing countries.
Applications of technology to improve literacy,
ICT for
health, and poverty will be explored in detail.
Development
The role of engineers in this type of
development will be a focus throughout the course.
Introduction to topics such as environmental
toxicology, epidemiology, and risk assessment
and how they relate to human health and
Public Health
engineering design. An evaluation of
cost-effectiveness and cost-benefit analyses
Engineering
used by public health institutions to balance
benefits and risks in engineering projects.
Students will work with a development
or non-government organization to develop an
appropriate technology that could benefit a
marginalized community. The project will include
Design Project 1
a rationale, a design, and a complete feasibility
and cost study. Practical skills such as problem
definition, design validation, social impact,
and design implementation will be emphasized.
This will enable the design projects
Design Project 2
to progress toward implementation with the
creation of a working prototype or physical mock-up.
Table G.1: A proposed list of potential Humanitarian
Engineering courses at Queen’s University.
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A list of existing courses at Queen’s University appropriate for Humanitarian Engineering

Global Development Studies
200 –Introduction to development studies, integrating carious disciplinary perspectives on development, and examining development linkages at different scales of
resolution.
210 –Canadian connections to the third world in historical, comparative perspective, including the evolution of Canadian diplomatic trade, and aid policies, the role
of CIDA and Canadian NGOs in international development; and linkages between
Forth Worlds in Canada and abroad.
330 –An introduction to the socio-economic, cultural and political factors surrounding technology and its relationship to the development process in both advanced
industrial societies and developing nations. Student project groups will focus on particular realms of technology in development and the interaction of politics and policy
with technological choice and design, including appropriate, intermediate and sustainable technologies.

Environmental Science
390 –The concept of sustainability provides a focus for discussing global and regional environmental issues in the broadest possible perspective. This course will
examine the meaning of sustainability and ways in which it is assessed at various
levels including individual lifestyles, ecological, agricultural and industrial systems,
urban areas, regions within countries, nations and the world as a whole. Case studies
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will be used to illustrate the general principles.
407 –Increasing demands on water resources and widespread pollution of surface
and groundwater has led many experts to predict a looming water crisis. This course
will develop a global perspective on issues that include water distribution, management, pollution, conservation, conflict and policy. This course will be of interest to
students in science, applied science or the humanities.
490 –This course adopts a quantitative approach to the definition, measurement
and assessment of sustainable development. The combination of lectures, seminars,
and directed studies is intended to accommodate a broad range of student interest
and experience. Firm specific, policy specific and nation specific case studies may be
considered.

Geography
365 –The geographical implications of the incorporation of the Third World into
the global economy. Emphasis will be upon issues relating to both the physical
and human environments in reference to development, ecological alteration, cultural
change, and spatial readjustment.
368 –A critical evaluation of the changing relationships between nature and society.

History
410 Globalization –A history of the rise of global trade, competition, cultural
exchange, warfare, imperialism, and development. An examination of the benefits
and pitfalls of globalization, the winners and losers, in both the developing world and
the rich western world. Other issues include the possible link between globalization
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and income inequality and the welfare state.
Interdisciplinary Studies
307 Intercultural Relations –an examination of individual and group relations
within and between culturally diverse societies. Topics include: relations among
indigenous, immigrant and ethnocultural communities; acculturation and identity
strategies; the role of prejudice, discrimination, dominance, emotions and values; intercultural communications and training; and modes of mutual accommodation (pluralism, internationalism and globalism).

Politics
261 International Politics –An introduction to the major issues in the study of
international relations: questions of war and peace, national security, the role of the
state, foreign and defense policy, gender and international relations, and international
institutions.
445 Dialectics of Development –A critical examination of selected new theories of
development (neo-marxism, postmodernism, new social movements, rational choice,
flexible specialization, etc.), followed by a study of selected Asian countries development strategies to evaluate the relevance of the theories.
457 Issues in Global justice –An exploration of issues in international politics from
a theoretical and normative perspective, including global redistributive justice, just
war theory, theories of secession, and normative theories of humanitarian intervention. Among the questions posed are whether we have an obligation to redistribute
wealth to strangers, what can justify secession, intervention and war; and the terms
on which people can migrate to other countries.
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Sociology
225 Sociology of Globalization –an introduction to recent sociological debates on
the emergence of a global economy and society, and its impact on different parts of
the world.

