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Engineering Design in the Creative Age 

Abstract 

McMaster University has initiated a new graduate program in engineering practice aimed at 

educating tomorrow’s engineering design leaders. Graduates of engineering schools are well 

versed in technology and its application but must acquire new skills and competencies in 

innovation and design in order to become global leaders in their industries. The leading thinkers 

in engineering design innovate continuously to succeed in the global marketplace. This paper 

discusses the value and importance of teaching and learning human-centered design thinking for 

engineering graduates. Achieving significant and continuous innovation through design requires 

looking beyond current systems design practices. Engineering educators must adapt new ways of 

thinking, teaching, and learning engineering design from other disciplines. This paper discusses 

the modes of engineering thinking and how they differ from those of contemporary innovators 

and examines how a human-centered approach to design can replace approaches that consider 

human values and ethics as constraints to the design. The authors will discuss current efforts to 

insert the teaching and learning of a human-centered approach to engineering design at the 

graduate level in an engineering curriculum. The aim of the curriculum is to introduce students to 

collaborative, inter-disciplinary, human-centered thinking, with a strong emphasis on generating 

continuous innovation through creativity. 

Introduction 

The authors of this work, faculty members of both industrial design and engineering schools, 

have been collaborating for the past year on the development of a course within the context of a 

Master’s level graduate program at McMaster University aimed at increasing the creative ability 

of graduate engineering students studying engineering design. This labor, while both emotionally 

and intellectually stimulating and invigorating, has also created some clarity regarding some 

unexpectedly difficult challenges in teaching our students. The experience has strengthened our 

belief that engineering students can be taught to be creative but that significant barriers exist in 

the current engineering education. It is our feeling that to overcome the challenges faced in 

today’s world engineers must learn to be creative and innovative. Our aim in this paper is to 

elucidate the pressing need for creativity in engineering innovation, the role of design thinking in 

innovation, and our approach and current learnings in this endeavor.  

This graduate program and its courses are situated in Canada and thus this is the context for the 

remainder of the paper. P
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Competition and how design thinking 

In the fast changing, competitive global marketplace the need for innovation and design 

creativity has become vital in all sectors of society
1
 
2
 
3
. Canada is highly dependent on trade of 

materials, goods and services. To maintain jobs and sustain the living standard it is essential that 

businesses of all sizes improve their competitiveness. Competition is no longer a local matter or 

even a regional one; it has become increasingly international and specialized. 

Businesses cannot compete based on price and in some cases even quality. The higher wages and 

employee support costs have tempted many corporations to out-source jobs offshore where labor 

is less expensive and regulations less invasive. Canada has lost hundreds of thousands of well-

paid high value jobs to foreign companies over the past ten years. Based on a Government of 

Canada 2007 study, Canada’s innovative performance ranks well behind most of the world’s 

leading economies
4
 (e.g., Japan, Switzerland, United States, Sweden, Finland, Germany, Britain, 

and France). Canadian society does not place the same value on design and innovation, as do 

Canada’s competitors. 

It is no longer acceptable for Canadian businesses to sell raw materials to others and then buy 

back those materials as value added manufactured goods. To increase or even maintain the 

standard of living business will need to focus on strategic and creative innovation rather than 

tactical or incremental change. Short-term solutions provide short-term rewards. Strategic 

innovation will enable companies to introduce new, innovative, breakthrough, well designed 

products, services, and systems that will be accepted by consumers, compete successfully in the 

marketplace and ensure long-term economic and social benefits. Companies are not the only 

beneficiaries of innovation and design, society as a whole benefits. When designers focus on the 

well being of consumers/users and the planet, all benefit.  

Innovation is the life-blood of business, without it businesses will not survive global competition 

and society will be poorer for it. There are a number of processes that claim to generate 

innovative outcomes. Designers have learned to resolve complex, customer-based, user-focused 

problems using a prescribed design process called ‘design thinking’. The reason for its success is 

based on its user-centered orientation, questioning of the norm, and a holistic approach to 

problem solving
5
.  

“That changed a few years back. The commoditization of manufacturing and knowledge 

and its outsourcing to Asia, left US companies unable to compete to make profits. When 

you can’t compete on the basis of cost or quality, you have a problem. So the business 

community embraced the notion of innovation. Driving revenue and profits by turning 

out a continuous series of new things, be they products or services or even experiences.”
6

Innovation drives change and design thinking focuses the direction. Design thinking is a mindset, 

it is a different way of thinking, it introduces disruptive innovation and which enables designers 
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to imagine future possibilities. Designers use a range of creative tools including strategic 

foresight, visualization, storytelling, and modeling to envision the future. 

Innovation and engineering design thinking 

Innovation most often denotes newness and novelty but by itself does not explain the full extent 

and use of the term in the context of interest. Many of the thinkers in this area suggest that 

innovation must be placed in the context of human society. Innovation is in fact a change in the 

interplay between society, technology, and economy. Thus innovation can only be measured 

once people have chosen and then begun using new products, processes, or systems
7
. 

Innovation, by this definition, is distinct from invention
8
. Invention is novelty in the solution 

space derived from rearrangements of existing knowledge and ideas (design) or discovery of new 

knowledge and principles (research). Invention, by definition, does not necessarily lead to 

innovation but often its functions can be objectively measured. Innovation typically cannot be 

determined until it has entered the context of its use. Only then can innovation of a new 

product/process/system be measured and then only as a change or improvement over previous 

alternatives. 

“Innovation is far more about prospecting, mining, refining and adding value than it is 

about pure invention.”
9
 

The conventional engineering approach to innovation (both in practice and pedagogy) is to 

consider the intrinsic characteristics of an artifact. Engineers tend to concentrate on improving 

and even rethinking an artifact. This typically has two directions: refinement and invention. For 

example, to reduce the negative side effects of road vehicles, automotive manufacturers have 

invested heavily in optimizing their existing designs to reduce weight, and consequently 

improving the fuel efficiency of the vehicle. Additional research and development has been 

invested in new materials and propulsion systems with a predicted reduction in the impact on the 

environment. This is the invention approach. The alternative is to consider the problem at a more 

abstract level: through inquiry and research is gained a better understanding of the fundamental 

needs are of stakeholders, particularly of the end-users. If one considers that the fundamental 

need is that of mobility and freedom, then one is able to explore solutions related directly to the 

need without being constrained by technology and organizational limitations imposed by 

dependence on vehicle technology. Since eliminating personal transportation is simply not a 

choice for humanity, a creative approach might look at either finding groups of stakeholders that 

may have special needs that could be treated by different solutions or by better meeting the 

fundamental needs of mobility and freedom in new ways. 
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take on both the role of finder and maker by learning about the people and technological 

solutions, respectively. 

A course in design and innovation for engineers 

There is deep concern among engineering educators for the lack of creativity in graduating 

engineers. Some researchers and educators have gone as far as to hypothesize that creativity is 

not valued in contemporary engineering education
13

. Other researchers have found that the 

intellectual development of engineering students lags behind those in other fields of study
14

 
15

. 

The authors’ experience supports this view and suggests that to enhance innovation requires not 

only an aptitude for creativity but a willingness and desire on the part of the engineers to look at 

the human side of technology. Innovative solutions are holistic by nature not only in the 

conception but also in their execution with a strong emphasis on delivering the greatest possible 

value to the stakeholders. Some engineering educators having begun to incorporate this holistic 

notion by suggesting that there are both casual effects of every design as well as non-

deterministic ‘functions’ that must be considered by the engineering designer
16

. These are 

termed ‘affordances’. 

The Master’s degree in Engineering Design at McMaster University is aimed at educating 

tomorrow’s engineering leaders. Innovation through design thinking is essential to the future 

success of these engineering graduates. Design thinking focuses on people and their need for 

positive product experiences and less on technology. The introduction of design thinking will 

enable students to explore new, meaningful, and innovative ideas in a human-centered way. 

Design thinking will enable students to develop a more strategic approach to solving problems in 

interdisciplinary partnerships and in the process develop leadership qualities. 

The aim of the core course for the program is to broaden the minds of its participants so that 

when they graduate they will be able to increase the value of any design project presented to 

them beyond the original scope and of the project as presented to them by a client. This has 

presented one of the greatest challenges teaching this course. Engineering education teaches its 

students to solve the given problem, linearly
17

. Even when educators speak of open-ended 

problem-solving or design it is a reference to a linear process which has a single solution or 

many solutions, respectively. This focus on achieving a forseeable goal has been the source of 

particular difficulty. A group of students, given a design brief by the client tend to concentrate on 

fulfilling the requirements as closely as possible. This approach is strongly held as central to 

engineering design thinking as an intelligent and systematic process
18

 
19

. Innovative thinking 

must break those barriers and look outside boundaries created by the client. Students’ response 

has frequently been reticence and unwillingness to look outside those barriers. 
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greater possibilities and creativity in the following process. The human-centered focus continues 

throughout the process. Verification and validation are always made with the ultimate goal in 

mind – a social need. Engineering education tends to emphasize the interrelation with society at 

the level of minimalist ethics
21

 

. Thus ethical considerations are mapped onto constraints in the 

design problem. A maximalist or human-centered approach suggests that the interrelationship 

between technology and society should be seen as a source of opportunities rather than a set of 

limitations. 

Fig. 4 The inquiry process
22

The pedagogical approach framing the course is in its essence inquiry

 in design 

23

Fig. 4

 (also called inquiry-

guided or inquiry-based learning). Inquiry is a range of instructional practices that promote 

instructor-guided, student-driven learning. Although inquiry is typically defined around a 

program of asking questions and seeking new understanding, the use of design inquiry here has a 

different output. Inquiry is the process of seeking knowledge and new understanding, by 

systematically exploring areas unknown to the seeker to develop new understanding. This 

process, as illustrated diagrammatically in , aims at exploring the user/stakeholder side of 

an issue to look for opportunities to design better solutions. Ideally innovation will result from 

discoveries of new opportunities for design. 
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issues. It is through this process, examining the needs of these groups, that the student looks for 

an opportunity that could result in a concept or big idea. A concept is not a product or 

technology, but a vernacular description of a better experience for the users/stakeholders. Once a 

valid concept has been generated further information gathering helps drive and develop ideas. A 

good example of this relationship between concept and idea is Volvo’s Safety Concept Car 

(SCC)
24

. Volvo’s designers focused on the human need for safety in consumer vehicles. Their 

research led to the discovery that there is a positive correlation between increased driver 

visibility and increased safety. Thus ‘increased driver visibility’ is the concept. Note that a 

concept is intangible and it is about the user and not the technology. Technologies follow from 

the concept and this concept has led Volvo to a number of very inventive new ideas. The concept 

can also be formulated as an ideal final result which demands some imagination. 

The experience in this course and courses with a similar emphasis on creativity in non-

engineering programs is that the common tutorial or lecture hall styles of teaching and learning is 

not effective. To promote creativity a very different environment is needed from that of office-

cubicle/boardroom workspace
25

Conclusions 

. To be able to find the opportunities requires a more enlightened 

approach where students are comfortable using their imagination to explore possibilities without 

penalty or fear of negative repercussions. Thus appropriate grading schemes, work spaces, and 

class lesson plans have been designed to encourage creativity. 

Exploring the interplay between society, technology, economy to create innovation must be the 

goal of leadership education in engineering. Without understanding of that interplay, innovation 

becomes not unachievable, but an unlikely outcome. Thus engineering leaders must be able to 

take a scholarly approach to gaining understanding of the interplay. They must act to search for 

opportunities in this multidisciplinary domain before inventing the products, processes, and 

systems that realize the value of that knowledge. The searching of the problem and design spaces 

are inherently multidisciplinary and creative activities that are necessary for graduates to remain 

both competitive and strong contributors to prosperity and social responsibility as engineers. 
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