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Forward 
 

Greetings in the name of Christ!  The ninth Christian Engineering Education Conference 
promises to be a wonderful gathering of Christian engineers.  We are grateful to Trinity 
Western University for agreeing to host the conference.  As Program Chair I wish to 
thank the other members of the organizing committee who have also worked hard to 
create this conference.  They are: 

• Gayle Ermer, Calvin College  
• Melanie Plett, Seattle Pacific  
• David Che, Geneva  
• Don Peter, Seattle Pacific  
• Arnold Sikkema, Trinity Western University [Local Coordinator]  
• Steve VanderLeest, Calvin College [General Chair]  
• Matthew Green, LeTourneau University [past Program Co-Chair]  
• Jeremy VanAntwerp, Calvin College [past Program Co-Chair]  

This year we have 12 submitted presentations, 1 panel, and 2 presentations by outside 
organizations.  I want to thank the 13 people who reviewed papers.  Their work helps to 
improve the quality of our papers. 
 
It has become a tradition to hold a dinner meeting at ASEE in the years between the 
Christian Engineering Education Conferences.  Next year ASEE meets in San Antonio, 
so watch the CEEC website for details on location for the dinner.   
 
I would anticipate that the next CEEC will be in the Atlanta area, following the 2013 
ASEE conference. 
 
We look forward to a time of blessing, at CEEC 2011 including worship, fellowship, 
refreshment, and intellectual stimulation. Please include in your prayers the need for 
safe travel and the desire for good fruits to be produced from the time spent together. 
 
 
William Jordan 
Baylor University 
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Do Engineering Programs at Christian Universities have a History? 
Ethan Brue 

Dordt College 

Abstract 

The question as to whether engineering programs at Christian colleges and universities have a history 
may seem an odd question to ask.  It is common to assume that everything and everyone has a history; 
that is, nothing exists in the present that does not have roots reaching to the past.  History, however, is the 
shared narrative-in-progress that gives definition to cultures, institutions, places, and technologies.  When 
recognized as such, then the question as to whether an engineering program has a unique history seems 
appropriate and the answer to this question less than obvious. Within the past century, the technological 
leaders in western culture have lived out a narrative of the engineering profession that has re-cast what it 
means to be an engineer and what it means to be educated as an engineer.   The ground motives for this 
modern story of engineering are in tension with the overarching biblical narrative that defines who we are 
called to be in Christ.   Planted amidst the field of engineering universities growing since the land-grant 
era, Christian engineering programs are relatively new arrivals on the educational landscape.  Possibly 
due to this late development, it appears that the narratives that have driven Christian institutions of higher 
education to develop engineering programs do not parallel the narratives shaping early engineering 
education.  While there are many important stories that define our purpose and existence as Christian 
engineering programs, some provide a more robust foundation for building a Biblically grounded 
engineering program in harmony with the gospel vision for re-creation, renewal, and restoration.   I will 
argue that for the activity of engineering (as some recent authors have argued for culture as a whole) the 
best way to change (i.e. renew, restore, re-create) culture is to make culture.  Writing our history is one 
way we make culture.  Writing our engineering history is also the best way for an institution to stay on 
task.  It establishes the dominant rhythm and pulse for the Christian engineering program.  Reaffirming 
our identity in our history making, we can avoid the secularized narratives that misdirect our programs.   
Even worthwhile Christian narratives, when absolutized, may dominate our academic dialogue and keep 
us from fulfilling a crucial calling of the people of God.  If Christian institutions draft a distinctive history 
in the context of the larger Biblical narrative, I believe the need for more engineering and music programs 
(and other culture making programs) will become apparent.  

The Ahistorical Character of Contemporary Culture 

Contemporary North American culture is predominantly ahistorical.  Due to the hegemony of secularized 
western thought, this is also a global reality.  This ahistorical bias is so prevalent that it assumes a priority 
over both modern and post-modern cultural influences. The modernist, embracing a progress motif, 
concludes that while history may make an interesting exhibit, the present is the final manuscript emerging 
from the many crumpled drafts of the past.  Conceding that this work of drafting a new world was 
formidable and essential in its time, the modernist does not see value in the 1st edition, when a 2nd edition 
is available.  Sharing the same cup of secularization, the postmodern sibling of modernism claims history 
as their creation, an individual work of art unconstrained by past drafts, defined only by the autonomous 
self.  So while the modernist might regard the past as the ever progressing march of naturalism or 
mechanistic determinism of interest only for reinforcing contemporary notions of preeminence, the 
postmodernist sees history as a process of self-realization and self-determination.  In practice, these two 
camps share a view of history as something to control, either by rational pre-determination or by personal 
narrative creation.  History is a tool for human control and manipulation.  However, as Egbert Schuurman 
states,  

Man himself cannot provide a complete view of history.  Many people, however, especially 
philosophers, seem to think they can.  They try to lord over history, to control it…but the 



outcome of such tension is inevitably the reverse of what is promised, Man becomes not the 
master of history but its slave because, despite his assumed autonomy, man is incapable of 
securing such mastery.  Mortal man, being fully historical himself, cannot control history.  His 
aspiration to give meaning to history will therefore result in historicism, relativism, and even 
nihilism.1 

History has become secularized, not in the sense of becoming irreligious, profane, or immoral, but 
because it has been created from the presupposition of autonomy.2  History, now stripped of its 
contingency to the creator, transcends its bounds as a science (a task constrained by our finitude as 
created beings) and claims an authority not its own.  In doing so, humanity assumes the throne and history 
becomes, at best, an intriguing courtier.    

A Christian Perspective on History 

In contrast to this secularized perspective on history, the radically (i.e. radical meaning rudimentary, 
essential, or core) biblical perspective on history finds a home within the overarching scriptural narrative 
that begins at creation and culminates in ongoing re-creation, through the persons of God the creator, 
Christ the redeemer, and the Holy Spirit - the ongoing re-creator.  Creation history, the human told story 
of culture formation, has no meaning apart from this broader narrative.  A distinctively Christian view of 
history must reject claims of rational autonomy, recognize our creatureliness, and draw its motivation, 
purpose, and imperative from the cultural mandate. 

Any distinctively Christian critique of history must be developed from a radically biblical ontology and 
anthropology.  At the heart of “what is” and “who we are” stands a story of which we as humans are 
neither author nor narrator.  We are only actors, players, or stage hands.  Historical narratives that fail to 
recognize this role are radically unbiblical.  As Herman Dooyeweerd states, 

In revealing himself as Creator, God reveals himself as the sole origin of all that is.  No force can 
be opposed to him that has any power in its own right.  We could not establish any area of 
terrestrial life as an asylum for our autonomy with reference to the Creator.  He has the right to all 
of our life, to all of our thought, and to all of our action.  No sphere of life may be divorced from 
the service of God.  In revealing himself as the creator, God has at the same time disclosed to 
<humanity> the meaning of <human> existence.2    

When humans write history, they do so in the same way an actor performs a script through accent, 
inflection, expression, and tone.  Apart from the script, the cultural creations of humans have no meaning 
or context. 

What follows from a radically biblical perspective on history is that humans are creatures, dependent on 
God for their creation, sustenance, and redemption.  This dependency has both ontological and 
epistemological implications.  Since there are only two types of being, creature or creator, and only one 
creator God, humans (along with rocks, trees, logic, time, and ipods) are creatures.  If this seems 
tautological, then it is worth repeating, since it remains the most overlooked ontological truth in both 
Christian and secularized circles.   It likewise follows that we are epistemologically constrained by our 
existence as creatures.  Knowing has no independent character.  It is enabled, bounded, and guided by 
revelation.  This means that even assertions that attempt to establish God as the “cause” of historical or 
natural occurrences is fundamentally flawed, since as Roy Clouser asserts “God is not the cause of the 
universe, but the creator of all kinds of causality in the universe.”3   There is such a thing as a dumb 
question.  While we should not fear asking such questions, we should not expect either beneficial 
dialogue or helpful answers emerging from these questions that attempt to circumvent the limits of our 
creatureliness.4   That said, I am less concerned about embracing wrong ideas, and more intent on ending 
our dead-end dialogues which are keeping us from engaging in activities central to who we are created 
and redeemed to be. 



Simultaneously free from secularized notions and bounded by our knowledge of our creatureliness, 
Christian history is defined by a task.  This task is rooted in the cultural mandate, a mandate that includes 
the human task of providing the play-by-play for the ongoing game of cultural unfolding.  This is history.  
The tasks of politics, music, literature, art, and yes, even engineering, create the players, props, and stage 
movements for this script.  This is a script in which the plot line is not yet fully revealed.  As Schuurman 
states in reference to Dueteronomy 29:29 and Revelation 10:4, “the deepest meaning of history is a divine 
mystery.  This mystery stresses on one hand that man is not the master of history; but on the other hand 
he is responsible for its development”.1 

A Christian history must grow out of our central purpose and task as culture makers.  It should drive us to 
reflect on where we are now and what culture formation (in response to our creating, redeeming, restoring 
God) we have engaged in or have failed to engage in.  For Christian institutions, the absence of a 
coherent, articulated, shared, and passed on history is evidence that the institution that has not sufficiently 
rooted their purpose and reason for being in the larger biblical narrative of culture forming. 

Do we as a body of Christian engineering educators have a history?  Do our engineering programs on our 
respective campuses each claim a history?  Have we taken the time to craft the history of this culture 
forming process of creating engineering programs at Christian colleges?  If so, is the story a coherent 
one?  Can we describe how this narrative reflects a radically biblical perspective?  Or, if we took the time 
to pen it, would we find alternative narratives skewed by secularized paradigms at the roots of our 
programs?  Recognizing that the biblical concept of idolatry is not simply that something other than God 
is worshipped, but rather that in any part of our theorizing or creating, we embrace any creature (idea, 
thought, paradigm) as non-dependent – that is, simply “the way it is”.  By tracing the path of engineering 
institutions from their origins and identifying the ground motives underlying the development of these 
institutions, we may be able to discern whether we have crafted our own history or have naively embraced 
alternative idols of our time. 

A Brief History of the Engineering Profession and Engineering Education 

If we understand technology to be the human activity of shaping and forming the natural world around us 
for practical purposes, then the origin of the technologist is found in the first chapters of the history of 
humanity.  However, this is not the genesis for the engineer or the engineering profession.  The engineer 
is a 19th century concept and 20th century invention.  Conferences such as ASEE or CEEC would be 
unimaginable in cultures prior to the 20th century.  The definition of the engineer as a professional 
emerges only after an arduous identity crisis that has taken place within the last one hundred years. 

Engineering as technologist emerges from the artisan culture.  From the perspective of western history, 
engineers might trace their genealogy to the guild systems of Europe in the middle ages.  From metal 
worker to mason to miller, the technologist was defined by the artifact produced and was educated 
experientially.  From apprentice to journeyman to master, the identity (in terms of both education and 
authority) of the technologist was bound up in the practice and artifact.  While we might be tempted to 
draw parallels from the technically minded European Middle Ages, making the various engineering 
professions today simply modern manifestations of medieval guilds, the creation of the contemporary 
engineering profession, arguably owes its existence not to the craft guild paradigm, but rather rationalistic 
paradigms that set themselves up in opposition to this artisan culture. 

The roots of the identity crisis for the engineer are multi-faceted.  Historians of technology such as Edwin 
Layton5, David Noble6, and Peter Meiksins7 all agree that the technologists that entered the early 19th 
century were not the same technologists that emerged in the middle of the 20th century.  It is in the 
description of the process and end product that lacks consensus.  This identity crisis revolved around four 
interconnected issues relating to power and responsibility.  Engineers labored to define their place in both 
social hierarchy and liberal education, while seeking individual autonomy and expanded economic 
opportunities.   



While cultural perceptions ebb and flow, relatively speaking, the profession of engineering is held in high 
regard in contemporary North American culture (although, like any profession in our culture, it is 
presently dwarfed by the entertainment professions of sport and leisure).  Students, who exhibit high 
achievement in their high-school education in the math and sciences, are expected to pursue a four year 
college degree and encouraged to consider becoming an engineer or scientist of some flavor.  It is 
assumed that they will emerge from the profession as cultural leaders, decision makers, and direction 
setters.  In terms of cultural prestige, the engineer and scientist are indistinguishable.  This was not the 
case at the turn of the 20th century.  Simply put, engineers sought what they had never before achieved - 
respect.  The industrial era had driven to extinction the social status of the master artisan.  In the vacuum 
between the machine and industrialist, the engineer looked to rid themselves of the meager vestiges of 
employee or laborer and recast themselves as cultural leader.    

The path to cultural power in the 19th century was through a proper classical education in the liberal arts.  
This path, provided to only a small fraction of the population was negotiated through the established Ivy 
League colleges and their relatives.  Schools in this Greek philosophical tradition might educate a student 
in the occasional natural science, but would keep a substantial distance from any education that might 
resemble technical insight.  This is consistent with the epistemological hierarchy of the liberal arts model.  
As Ian Braley succinctly states… 

Three questions illustrate the stages of evolution through which the civilian engineer has passed 
in the last two centuries.  Can he do a job?  Can he do so economically? Can he do so as to 
benefit mankind?  The first stage required technical competence and ingenuity.  The second 
added a need for business sense.  The third demands these qualities plus an acuteness in social 
judgment once asked only of the statesman or the educator.8     

Implicit in this description of the development of engineering education, lies the pagan concept of liberal 
education.  Above and beyond the daily rhythms and habits of life lies the abstract virtues of the good, 
true, just, and beautiful which if rationally pursued will provide for us the morality, ethics, motivation, 
and principles to build all our political, business, or technological activities.  Both business and 
technology as human activities are thus equal in their cultural impotence.  Without the benevolent guide 
of the classically educated, the engineer has no power to benefit humanity.      

It has been estimated that even of those educated as engineers by 1920 (and if formally educated at all, 
most of them would have been liberally educated by modern standards) fewer than 25 percent were 
consultants or proprietors, the majority found themselves in position of implementing decisions not 
charting innovative new directions.9   Engineers found themselves as employees not entrepreneurs.  They 
were bound by the will of the industrialists and constrained by the perceptions of a society that did not 
consider them educated or capable of leading.  Out of this context, a rather diverse (but small) group of 
engineering reformers aligned with progressive political movements, provided a vocal presence in the late 
19th and early 20th century American landscape.  While their proposals were varied, their thesis was the 
same.  Engineering was not simply a pawn of abstract rational truth in the quest of culture at its best.  
Engineering itself (when done scientifically) was the tangible expression of true rationality.  Bound no 
longer by false hierarchies, Taylor, Veblen, and the other proselytizers of the technocratic ideal, took 
seriously the injunction to lead with liberal ideals.  They projected an image of the engineer as the 
autonomous individual, freed from dogmatism and tribalism by the objective rationalism they not only 
formulated but practiced.  In this emancipated engineer, now assuming a leadership role in business, 
politics and education, they envisioned an end to environmental degradation, social injustice, and 
economic inequity.  Engineering loyalty for the reformers rested firmly in a loyalty to society and 
humanity as a whole.  This was the liberal vision.  

The majority of the rank-and-file engineers of this period did not seek their identity in the liberal or 
rationalistic ideals touted by the engineering reformers.  Stuck in dead end jobs with low pay and long 
hours, they pursued recognition within the local bounds of industry.  They questioned (through their 



actions) whether this was best pursued by unionization against or cooperation with the industrial 
capitalists.  With grievances reduced to economic concerns, they struggled with the question of loyalty on 
a different level.  Is the engineer loyal to the business or is the engineer loyal to self? 

It is too easy to condemn the engineers and engineering theorists during this identity crisis as power 
hungry and self-seeking.  In some respects it reads like a story of a new class of managers trying to 
choreograph a transfer of power from others to themselves.  However, as Andy Crouch points out, power 
is not a finite resource to be endlessly exchanged between haves and have nots.  Power is a renewable 
resource which when stewarded, has the potential leave a power transaction with a net gain of power to 
all in the exchange.10  In some circumstances, the engineering reformers such as Taylor were motivated 
by ideals which were theoretically crafted to empower both sides of the industry/laborer conflicts.  
Despite mixed ambitions, the engineering identity crisis could not marshal a unified vision for what an 
engineer was.  The process of defining an identity was left to the slower socio-economic currents of the 
later 20th century. 

The Scientification of Engineering Education 

In practice, engineering at most institutions remains a task that blends the analytical and the experiential 
to varying degrees.  In education, engineering remains firmly embedded in the rational foundations of 
liberal education.  So while individual engineers might find their daily work spanning the entire spectrum 
of experiential artisan to business manager to rational scientist, the education an engineer is obligated to 
purchase is exclusively scientific.  This is true even despite the wealth of recent pedagogical innovation 
that incorporates hands-on and project based learning techniques.  These techniques although experiential 
in nature, are contrived as tools that better facilitate conceptual retention.  The tenants of liberal arts 
education remain. 

A case study of this scientification of the profession can be observed in something as mundane as the 
history of engineering handbooks throughout the 20th century.  For example, if a person studies the 
Mark’s Standard Handbook for Mechanical Engineers from its first edition to the tenth edition11, it is 
evident that while the technical content (data and equations) change, the greatest change is in the 
epistemological assumptions.  What the engineer needs to know to do their engineering is less important 
than exactly how the engineer should know and transmit that knowledge.  Engineers are to know 
scientifically, communicate scientifically, and lead scientifically.       

My objective is not to argue for an alternative approach to education that diverges from this traditional 
western model (although a strong case might be made for a radical departure).  I want to assert that 
engineering education as we are creating it today is the product of the engineering professions own 
identity crisis. Engineering as science brings a professional class consciousness.  Engineering as science 
provides an invitation to join the benefactors of liberal education in creating and managing the power 
structures in our culture.  Engineering as science creates in the engineer a sense of autonomy as technical 
expert or cultural consultant unconstrained by the pecuniary interests of business.  Engineering as science 
expects only remuneration of respect based on a loyalty to the common good.  

The Implications of Engineering History for Christian Engineering Institutions 

The narrative of engineering education brings me back to my original question.  How much are we as 
engineering institutions, who claim to be guided by biblical insight in all areas of life, influenced more by 
the misdirected ideals of our secularized engineering profession than by our call as Christ followers in all 
things?    Is the presence of an engineering program on our campus the result of what Andy Crouch refers 
to as “copying” culture?12  Are we motivated by a class consciousness and using the presence of an 
engineering program as a means to boost an institutional image?  Is the purpose of an engineering 
program on our campus simply the result of a Christian inferiority complex?  Or is the relatively late 
arrival of engineering programs on Christian college campuses, evidence for the pagan ideals that 



undergird liberal arts education being uncritically embraced on our campuses?  Would an engineering 
education not rooted in the ideals of a liberal arts education be welcome on our campus?  While I doubt 
technocratic ideals led to the establishment of engineering programs on the Christian campus, the social 
questions the technocratic reformers were addressing may have driven Christian institutions to consider 
engineering.  Or is it far less heady than this?  Did our institutions simply see a market niche?  An 
opportunity to gain economic value from the changing tides of cultural desires?  The answer to these 
questions is lies in our history.  Will we write ours or let it be written for us?  If we fail to create our 
“reason for being” as institutions, we will unwittingly embrace another narrative, one that may not be 
compatible with our new life in Christ. 

I suspect that the origins our programs have a diverse set of ground motives.  Some programs may have 
grown out of a Bible college tradition that emphasizes an ongoing immersion in biblical knowing for 
spiritual edification and growth alongside a variety of options for career training.  This emphasis on 
exercising spiritual disciplines was observed to be absent at other engineering institutions.  Other 
institutions may have been motivated to serve the technical needs of missions.  Seeing the transportation, 
shelter, and communication needs of doing missionary work around the world, the institution responded 
by creating an engineering program.  I expect that there are a host of other reasons for the creation of our 
programs, ranging from preserving a denominational identity, to providing engineering students with a 
Christian college residential experience, or protecting engineering students from the radically secular anti-
Christian spirit of the secular engineering campus.  I am not so concerned about the diversity of 
motivations.  They all have a place.  I believe our documenting of these histories is important.  Without a 
conscious history, the tendency of programs over the generations is to be fragmented by conflicting 
stories.  We begin to find our definition in the stories of our undergraduate research, our prestigious 
graduate school placement, our fundamentals of engineering exam scores – stories that when told out of 
proper context become idols no different from the idols embraced by secularized engineering institutions 
in our world. 

One particular story which has fragmented many of us in the Christian engineering education community 
is the seemingly innocuous scientification of engineering.  By embracing the theoretical framework of 
secularized science (of which engineering as science is a by-product), Christian communities are forced to 
embrace either religious rationalism in which religious belief is a conclusion of reason and reason is 
neutral or, religious irrationalism in which religious belief remains a leap of faith, while reason remains 
neutral in its own realm.  In both perspectives, we concede a throne to scientific reasoning – an act which 
is incompatible with the radically biblical perspective.  The coronation of science in either a rational or 
irrational manner at our Christian institutions subversively undermines the most significant reason for our 
engineering programs.  If faith is independent of reason, a bible school or university Christian fellowship 
should provide the same outcome as our program.  If faith is simply a conclusion of reason, then energy 
expended in providing an ample dose of apologetic dialogue is all that is necessary to baptize an 
education.  Unfortunately, neither perspective leaves much room for the engineering program, beyond a 
place as a market niche or service as a revenue generator. 

When contemporary science leads the dance at Christian institutions, I believe engineering programs pay 
a price.  The greatest problem with the Christian embrace of secularized (i.e. autonomous) science is that 
it consumes our energy in pursuing tautologies.  Much ink for example has been wantonly consumed, 
penning treatises of apologetics defending and proving the validity of faith.  Armed with secularized 
notions that deify created entities of time, space, logic, sensation, or matter, Christians argue for and 
against various theories of origins, while failing to recognize the notion of scientific autonomy is the far 
more insidious imposter.  The last thing the Christian community needs is another book on science and 
religion.  Such titles are in and of themselves tautological.  Our learning communities become more 
obsessed with explanations that extend beyond creaturely capacities, at the expense of engineering, music, 
art, and our mission to create culture. 



Embracing our Engineering History as Culture Making 

I will confess.  As a reformational evangelical who grew up in a fundamentalist context, I have tended to 
straddle the worlds of religious rationalism and religious irrationalism.  When it comes to faith, I have 
always found myself defending, reasoning, arguing, and articulating this or that biblical position.  All this 
perspectival perspiration and worldview work has left me with a sense that faith is a cerebral affair.  It has 
only been recently, in my reading of both Andy Crouch12 and James K.A. Smith13 that I have been 
convinced that we are not fundamentally created as thinking beings.  Humans are loving beings.  Love is 
an act of creation.  A habit of continual formation that is both personal and cultural.  Love is expressed in 
creating and re-creating.  In other words, our foundational call as image bearing humans is much more 
closely tied to the task of engineering (or music, art, etc.) than it is to the pagan tradition of liberal arts 
education or its contemporary cousin of the sciences.  From a radically biblical perspective, engineering 
should be the inaugural program on any Christian campus.   

Maybe my suggestion that every Christian campus should have an engineering program seems a bit 
technocentric.  Maybe so.  But as followers of Christ, all of us would get behind any effort to transform 
the hearts and lives of people, so that they can experience how wide and deep and broad is the love of 
Christ.  

According to Andy Crouch, our most effective way to transform is to make culture.  He asserts that as 
Christians, in our zeal for the gospel, we have invested a great deal of energy condemning culture by 
defining boundaries, critiquing culture by analyzing and evaluating worldviews, copying culture by trying 
to provide alternatives to secular cultural artifacts, and consuming culture by uncritically examining our 
everyday habits and practices.  While he believes it is appropriate at times for Christians to condemn, 
critique, copy, and consume, when any one of these becomes a stance rather than an appropriate response 
(i.e. a posture rather than a gesture), our ability to create is constrained.  By limiting our ability to create, 
we limit our ability to transform both the culture and the culture makers in our world.   

His discussion drives me to reflect again on why we have developed engineering programs.  Do we have 
our own history or are the narratives we embrace parasitic in nature?  What is the genesis of our 
programs? Is it a reaction of condemnation?  Is it the result of a critique? Is it an attempt to copy?  Is it an 
attempt to consume?  Maybe we are getting sidetracked.  If the Christian life is a culture creating life, we 
need more engineering programs to spread this message. 

Conclusion 

History is not optional.  If we do not tell our own stories, others will tell them for us on their terms.  We 
all have narratives that are told within the broader biblical narrative of creation, fall, and redemption.  The 
liturgy of life is about remembering these narratives.  Many of us gather weekly for some form of this 
story re-telling.  I am proposing that before we get too far, we should tell or re-tell our story.  This story 
telling activity will continue to shape and motivate us to continue on our mission.  Let me end with an 
action item.  What if we shared our stories as Christian institutions, could we craft an identity from our 
corporate story with its diverse shapes, textures, and colors that reflect the one-body-many-parts people of 
God?  I would like to try.  How about some story telling at CEEC 2013?  Any takers?     
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Abstract 

This paper introduces and investigates the Christian liberal arts by examining their relationship to the 
professions, with engineering the prime example.  This approach illuminates both the liberal arts and the 
professions, engineering especially.  The investigation is guided by the use of three categories or “turns,” 
so named due to their spiraling nature:  content and practice, common features, and common virtues.  
Several observations are made within each turn, with greater depth at each turn.  The observations are not 
comprehensive but are intended to serve as a helpful introduction and to spur further reflection and 
conversation.  The goals of this paper are to: 1) advance understanding of and respect for both the 
Christian liberal arts and the professions, especially engineering, among engineering faculty and, through 
them, engineering students, non-engineering students, and non-engineering faculty; and 2) encourage 
growth in Christ-likeness. 

Introduction 

Both engineering students and non-engineering students can benefit from the mutual illumination of the 
liberal arts and the professions.  This paper explores the relationship between the Christian liberal arts and 
the professions in three areas:  content and practice, common features, and common virtues.  The ideas for 
this paper were developed originally for a three-lecture introduction to the liberal arts at a Christian liberal 
arts-based university as part of a first-semester freshman seminar course.  For the freshman seminar 
course (known as the “Gateway” course), faculty members from across the academic spectrum were 
invited to speak from the perspective of their disciplines on one of three topics:  the liberal arts, the 
Christian faith, and worldview/culture.  Engineering was the only professional program with a faculty 
member to address the liberal arts.  The wide latitude granted provided a unique opportunity to consider 
the liberal arts from the contrary perspective of a professional program and to seek to motivate first-
semester freshmen to value the liberal arts and apply themselves to their study.  It also provided an 
opportunity along the way to introduce the practice and profession of engineering to a wide audience.  Of 
the thirty-six freshmen addressed, the majority planned to pursue professional degrees, but only one 
planned to study engineering.  It is hoped that this paper will promote understanding among Christian 
engineering faculty and their students of the liberal arts, engineering, and the relationship between them.  
The three areas of relationship considered in this paper follow the sequence of the three lectures and 
constitute a series of “turns,” like the turns of a spiral, progressing from basic to advanced, often 
revisiting earlier concepts from different perspectives. 



Turn 1:  Content and Practice 

The liberal arts are first considered via basic “nuts and bolts” definitions of the liberal arts and liberal 
education and contrasting them with the professions and professional education. 

1.1 The liberal arts are the “pure” academic disciplines: the humanities, the arts, and the sciences. 
“Pure academic disciplines” means here that the disciplines are focused on their content for its own sake.  
Literature is studied because it is inherently interesting and beautiful and not for the purpose of becoming 
an editor at a book publisher.  Mathematics is studied and admired without regard to the real-world 
problems it can solve. 

Engineering, like accounting, education, nursing, and social work, is a profession, and as such is 
commonly considered to be the opposite, more or less, of the liberal arts.  Professional majors and “pre-
professional majors” such as pre-medicine, pre-pharmacy, and pre-law tend to be very popular, even at 
liberal arts-based institutions. 

By contrast, the liberal arts include English, foreign languages, art, history, philosophy, mathematics, the 
natural sciences, and the social sciences.  Indeed, a straightforward dictionary definition of “liberal arts” 
includes “literature, philosophy, languages, history, and, usually, survey courses of the sciences, as 
distinguished from professional or technical subjects,” literally (and originally) “arts befitting a freeman” 
or “gentleman.”1  Similarly, a liberal education in turn is one that focuses on the liberal arts.  It bears 
noting that “liberal” here is not used in a modern political or theological sense but in the classical sense 
meaning free, having and promoting liberty.  Even the dictionary defines the liberal arts partly through 
contrasting them with “professional training.”  Finally, in a liberal education we hear echoes of the 
educational program of The Old-Time Colleges of the 19th century.2 

The concept of a liberal education is fleshed out at Union University in the General Core curriculum, 
which consists of:  written composition, literature, art, history, natural sciences (physical and life science), 
mathematics, oral communication, physical education, “social science and humanities” (economics, 
philosophy, political science, psychology, and sociology), Old Testament Survey, New Testament 
Survey, and the Gateway course.  The Union University General Core totals 48 semester hours, a 
significant portion of the 128 hours required for a bachelor’s degree and indicative of the institution’s 
commitment to a liberal education.  Interestingly, Old and New Testament Surveys are considered part of 
the liberal arts.  While this recognizes theology as a field of study, the Christian faith is not thereby 
demoted.  Rather, all disciplines are approached from a Christian worldview in which scholarship and 
faith are inseparable.  Ultimately, we will argue that only the Christian liberal arts can fully achieve the 
potential of a liberal education. 

1.2 Liberal education (or the liberal arts) and professional education are commonly perceived as being in 
opposition to each other. 
In contrast to the liberal arts, a profession is commonly understood to be “a vocation or occupation 
requiring advanced education and training, and involving intellectual skills, as medicine, law, theology, 
engineering, teaching, etc.”1  While the liberal arts are broad and foundational, professions require 
advanced and specialized “education and training.”  “Education” can be further contrasted with 
“training.”  Training implies proficiency with specific, marketable skills.  Education can result in a 
marketable skill-set, but it also implies a base knowledge-set, and the ability to process, evaluate, and gain 
knowledge.  Engineers and medical doctors certainly are expected to be both trained and educated in their 
fields, but their professional education is still understood to be tightly focused on their vocations. 



As alluded to previously, students, faculty, and the general public often see the liberal arts and 
professional education as opposites, as mutually exclusive, and as standing in opposition to each other.  
Indeed, the caricature of a person with a liberal arts education is an educated person with no marketable 
skills – who even disdains “marketable skills.”  The caricature of professional education is that it results 
in uncurious, unthinking persons with nothing but marketable skills – who value nothing besides 
marketable skills. 

On a practical level, liberal education and professional education do indeed compete with each other in 
terms of time.  The number of courses and hours in a degree is quite limited, and every discipline wants a 
(large) piece of the pie.  Professional programs naturally seek to maximize the amount of specialized, 
vocational education and training.  In professional programs at some institutions, the liberal arts are 
reduced to an afterthought, a token, a remnant.  The liberal arts-based institution views this as short-
sighted.  This paper seeks to justify this view and to counter the belief that the liberal arts and the 
professions are opposed to each other. 

1.3 The liberal arts are foundational to the content of the professions. 
Pursuing this contrarian approach further by focusing on engineering as an example of a profession will 
yield more insight into the liberal arts and their relationship to the professions.  What exactly is 
engineering?  Or what is it that engineers do?  Consider three definitions. 

i. Engineering is the art of directing the great sources of power in nature for the use and 
convenience of man.3  Thomas Tredgold, 1828 

ii. Engineers are individuals who combine knowledge of science, mathematics, and economics 
to solve technical problems that confront society.4  Holtzapple and Reece, 2003 

iii. Business, government, academic, or individual efforts in which knowledge of mathematical 
and/or natural science is employed in research, development, design, manufacturing, systems 
engineering, or technical operations with the objective of creating and/or delivering systems, 
products, processes, and/or services of a technical nature and content intended for use.5  
National Research Council’s Committee on the Education and Utilization of the Engineer, 
1985 

This is a small but representative sample of definitions or descriptions of engineering.  Which one is the 
best?  In the interest of providing an engineer’s perspective, an engineer’s frequent answer is appropriate: 
“It depends.”  It depends on the criteria for a good definition.  All three definitions are essentially 
equivalent in content, and all are approximately equal in comprehensiveness.  If precision and explicitness 
are paramount, the third definition is the best, though it is long and artless, clearly the product of a 
committee (and it violates the rule against using a word to define itself).  If brevity and conciseness are 
given some weight, the second definition is the best (by the way, this is the “official” definition used in 
Union’s EGR 101 Introduction to Engineering Analysis and Design course).  And if both poetry and 
brevity are important, the first definition is clearly the best. 

One main point of these definitions is that engineering applies mathematics and/or natural science.  In 
school, engineering students study natural science and mathematics, and these form the technical 
foundation on which the engineering material is built.  But a critical distinction of engineering is that it is 
the application of mathematics and/or natural science and not the study of mathematics and/or science for 
its own sake.  Engineers are not mathematicians or scientists (granted, some engineering research blurs 
this distinction). 



Secondly, these definitions tell us that engineering applies fundamental mathematical and scientific 
knowledge for the purpose of solving human problems effectively and economically.  This feature of 
practical problem-solving further distinguishes engineering from the sciences.  The purpose of 
engineering is to serve people.  While the sciences’ quest for fundamental knowledge is perfectly valid 
and extremely valuable, the sciences do not have service as their primary, explicit purpose.  In addition, 
the problem-solving nature of engineering requires knowledge outside mathematics and the natural 
sciences, such as design methodologies and decision-making techniques. 

These distinctions are valid for all professions, such as the ministry, medicine, social work, education, and 
journalism, which can be viewed as the application of “pure” fields of study such as theology, 
mathematics, natural science, social science, and the humanities, and these applications serve people. 

One might counter that the relationship between the professions and the “pure” fields is not so simple.  
Did not the ancient Egyptians practice engineering?  And hasn’t medicine been practiced since the first 
people became sick or injured, long before the development of modern science?  This is certainly true, 
and it is true that many if not most professions developed before the advent of modern science and the 
specialized, abstracted study of their foundations.  Moreover, the philosopher Heidegger observed that in 
a real sense science flows from technology – rather than vice versa –because of technology’s role in our 
ability to observe the world.6  In addition, our understanding of the technological solutions we develop 
and use will never be absolute.  Nevertheless, the design of a filter circuit is based on the physics of 
voltage and current and the mathematics of differential equations and Fourier transforms, and we can 
observe, consistent with the definitions of engineering by Tredgold, Holtzapple and Reece, and the 
National Research Council, that the liberal arts are foundational to the content of the professions. 

This point is a common-sense observation, reflecting a conception of knowledge wherein knowledge is 
ideally hierarchical.  It also comports with the typical structure of modern engineering curricula. 

1.4 The liberal arts are foundational to the practice of the professions. 
Mathematics and natural science are not the only areas of the liberal arts that are necessary to practice 
engineering.  Engineers must be able to communicate effectively.  They have to read and write various 
types of documents and communicate verbally with a variety of audiences.  This requires competency in 
the mechanics of writing and speaking, but it also requires understanding people, how they think, and 
what motivates them.  Besides communicating with a range of people, they have to work with a range of 
people: engineers, technicians, managers, marketers, customers, and so on – people with a variety of 
backgrounds and interests.  Samuel C. Florman affirms this in his book The Civilized Engineer: 

When older engineers get together they invariably agree that immediately after graduating from 
college they wished they had taken more technical courses.  Ten years later, advancing along 
career paths, they wished they had learned more about business and economics.  Ten years again, 
in their forties, thinking about the nature of leadership and musing about the meaning of life, they 
regretted not having studied literature, history, and philosophy.7 

Written composition, speech communication, social sciences, and the humanities are vital, because 
engineering, like all the professions, is a human endeavor.  It takes place within a human community, and 
its purpose, as the definitions state, is to meet human needs. 

One might argue that other professions, such as social work, whose content is more directly focused on 
people, could do without the other wing of the liberal arts, that of mathematics and the natural sciences.  



However, every professional needs some mathematical and scientific knowledge to operate effectively in 
the modern world, whether working on an organization’s budget, analyzing statistical data for program 
evaluation, or understanding the physical ailment of a client. 

The observations that the liberal arts are foundational to both the content and the practice of the 
professions should not be construed so as to demean the professions with respect to the liberal arts.  Nor 
should the professions be viewed as superior to the liberal arts due, for instance, to the practical service 
they provide to people (or to the excellent job opportunities they provide their practitioners).  As this 
paper argues, the professions and the liberal arts share much in common and simultaneously complement 
each other. 

1.5 Viewing the liberal arts only in terms of their practical value is incomplete and insufficient. 
So far, the discussion is consistent with the perspective of chapter 7 of Ostrander’s text.  That is, that a 
liberal education is good for you, that it is useful.  It seems likely that a large percentage of college 
students who have a positive view of the liberal arts do so for this reason—especially students in 
professional programs who have a positive view.  As practitioners, professionals tend to be practical, and 
this view of the liberal arts is appealing on that basis.  Reinforcing this is the broader culture of America 
in the early 21st century, which tends to emphasize the practical.  Inasmuch as God should be glorified in 
the lives of his people, including their careers, this perspective has merit for the believer.  The liberal arts 
are necessary for the service Christian professionals provide.  However, this practical view of the liberal 
arts seems more frequently to take a low-level, essentially selfish form:  “How do the liberal arts help me 
succeed in my career?”  This behooves the Christian as a starting point at best but misses much of value in 
the liberal arts.  The Christian scholar must obtain a deeper understanding of the liberal arts and a higher 
reason to pursue them. 

Turn 2:  Common Features 

In the second turn, a deeper understanding of the liberal arts and of the professions is sought through 
exploring three points of commonality, the first of which is creativity. 

2.1 The liberal arts and engineering have creativity in common. 
In the realm of the liberal arts, creativity is obviously required for art, poetry, novels, and music.  
Similarly, in the engineering realm, the invention of the aqueduct, the steam engine, the airplane, the 
telephone, and the incandescent light bulb clearly demonstrate creativity. 

However, creativity might not be as obvious in liberal arts disciplines such as mathematics, history, 
philosophy, and sociology.  And, honestly, the opposite of creativity might seem to be required often in 
engineering, especially in its practice, such as in a garden hose factory, such as the one where one of the 
Union University adjunct engineering professors worked as the Director of Engineering. 

While it is obvious that a work of art or an invention requires creativity, it is perhaps less obvious that, in 
every instance, human creativity operates within constraints.  The artist is constrained by the medium.  
The poet is constrained by the language.  An artist working in a particular form is constrained by that 
form.  Even in modern forms of art, poetry, and music, constraints and structure must exist for true art to 
result -- even if they are uniquely created by the artist.  The mathematician is constrained by the rules of 
logic, the historian by historical facts.  Every scientist, whether social or natural, is constrained by the 



scientific method, experimental data, and laws governing the natural and social orders.  Within these 
constraints, however, there is room for new ideas, interpretations, and discoveries. 

The inventor likewise creates new technology to solve problems but remains constrained by the materials 
he or she works with, by natural laws, by finances, by existing infrastructure, by human laws and 
customs. 

It is true that many professional jobs are far more routine than that of an artist (or than an engineer might 
imagine that of an artist to be) or of an inventor.  The engineer who works in a garden hose factory faces 
severe constraints, such as production quotas, quality requirements, cost, safety, health, and legal 
requirements.  And these tend to drive uniformity.  However, even in this environment, the engineer must 
exercise creativity to develop technological solutions to increase quality, yields, and productivity and to 
reduce costs.  To stand still is to fall behind.  Creativity is required for engineering endeavors to begin, to 
survive, and to prosper. 

However, it is not sufficient merely to note the parallels between the creativity of the liberal arts and that 
of the professions.  If it were, the liberal arts and the professions might be able to carry on quite 
successfully separately—in parallel, as it were.  However, the study of the liberal arts cultivates the 
creativity of the professional.  Regarding the imaginative element of creativity, Samuel C. Florman says, 
“[W]e [engineers] need [the liberal arts]… to develop imagination, for without imagination reason is not 
equal to even the minimum demands of our exploding technology.”8  This benefit of the liberal arts surely 
exceeds the ability to identify “non-technical” constraints, as previously noted with respect to the practice 
of the professions.  The philosophical, psychological, and neurological linkages between creativity in 
different areas are surely deep and complex.  Florman seems to imply that experience with the creativity 
of the liberal arts stimulates creativity in other areas.  Similarly, beauty, which will be discussed in more 
detail later, is linked to creativity, and the beauty found in the liberal arts can inspire the professional to 
create beautiful solutions.  Also, engineers tend to be convergent thinkers, zeroing in quickly on 
conventional solutions.  The more divergent imagination exemplified in a painting or poem spurs “out of 
the box” thinking. 

But beyond the utility of creativity in engineering is the centrality of creativity to engineering and to the 
motivation of the engineer.  Creativity is central in essentially the same way to art and the artist, and it 
speaks of the imago dei, the image of God which mankind bears.  While scripture is not explicit about 
what it means by imago dei, it has been understood to include the spiritual and moral nature of humans—
that humans are spiritual beings with immortal souls and are moral agents.  As corollaries, the imago dei 
would seem to include human intelligence and creativity, pale reflections of the intelligence and creativity 
of the Creator God.  God can create ex nihilo, while humans can only modify what already exists.  Even 
so, the artist and the engineer experience a God-honoring fulfillment in creating, thereby imitating God 
and showing His image. 

2.2 The liberal arts and engineering have truth in common. 
One of the constraints for the creativity of both the arts and engineering is what is known.  That is, 
creativity requires knowledge and is based in reality.  Clearly, both the liberal arts and engineering have a 
common foundation of knowledge, but the Christ-follower can go further by recognizing that the liberal 
arts and engineering are about truth.  Gene Fant, dean of the College of Arts and Sciences at Union 
University, has observed that the College of Arts and Sciences is the “College of General Revelation.”  



(By contrast, the School of Theology and Missions at Union University is the institution’s “School of 
Special Revelation.”)  In other words, the liberal arts are the study of God’s truth as revealed in creation.  
Because God is the Creator of all, all truth is God’s truth.  The truth in and of creation is important 
because God created it and delights in it.  His people should delight in it also.  It is also important because 
it reveals God’s nature and His glory (see Psalm 19:1 and Romans 1:20).  Moreover, discovering it is part 
of fulfilling the Cultural Mandate, wherein God, in Genesis 1:28, commanded, “Be fruitful and multiply 
and fill the earth and subdue it and have dominion over the fish of the sea and over the birds of the 
heavens and over every living thing that moves on the earth.” 

But is there a distinction between knowledge and truth?  We have already observed that accurate 
knowledge is required for engineering solutions to work and for meaningful creativity generally.  
“Knowledge” and “truth” are sometimes used interchangeably, but the contention here is that “truth” 
implies knowledge with a unified, moral, even cosmic significance.  “Knowledge” can devolve into mere 
facts, but a collection of facts falls short of “truth,” which the Christian liberal arts pursue for its own sake 
and which the professions apply for service. 

Of course, the concept of truth –absolute truth – is under attack in the postmodern world.  While believers 
must exercise humility with regard to the ability of finite and sin-distorted human minds to apprehend it, 
as followers of the One who is Truth (John 14:6), Christians in the academy must postulate that absolute 
truth nevertheless exists and that not all that claims to be true is true.  God, through His common grace 
and through His Spirit, can illumine truth.  Human understanding, even that of devout Christ-followers, 
will always be imperfect and incomplete, and we must exercise humility and mercy toward those with 
whom we disagree.  But the existence, pursuit, and application of truth are not thereby negated.  This, by 
the way, highlights a distinction of studying the Christian liberal arts from studying the “secular” liberal 
arts which tend to be suffused with the radical relativism of postmodernism. 

A final comment on engineering and truth:  A feature of engineering is that it is so closely tied to physical 
reality.  An engineer cannot deny reality for very long and be successful.  At the most basic level, the 
engineer cannot deny that the universe exists and that it operates according to laws of nature and logic.  
The engineer cannot subscribe to solipsism.  This enforces a basic groundedness and integrity in 
engineers for which they are known and for which we can be grateful. 

2.3 The liberal arts and engineering have beauty in common. 
Another theme of the liberal arts that runs through engineering is beauty.  Admittedly, this may surprise 
some people.  After all, how can the beauty of a poem or sculpture be compared to, say, a factory floor 
layout an industrial engineer might design?  Certainly the factory layout might have some visual appeal in 
its arrangement of colors and geometric shapes.  But there is a deeper beauty, often called “elegance,” that 
is akin to the beauty found in mathematics and science.  This paper will consider two frequent 
characteristics of beauty (or “elegance”), simplicity and symmetry, which appear in the arts, sciences, and 
engineering. 

An elegant mathematical or scientific theory must be effective, of course.  But just as Thoreau cried out in 
Walden for “Simplicity, simplicity, simplicity!” in life, an elegant mathematical or scientific theory is also 
simple.  “Occam’s Razor” is the notion that “the simplest of two competing theories is to be preferred.”9  
It is an unproven postulate, but it has been an excellent guide to scientific truth.  That is, the aesthetic 
characteristic of simplicity is a guide to scientific truth. 



Inasmuch as engineering theory is the application of mathematics and science, simplicity is characteristic 
of an elegant engineering theory.  But simplicity is also characteristic of good engineering design.  A 
good, “elegant” design is simple without being simplistic.  The natural, human inclination of engineering 
solutions is toward complexity.  In Real-World Engineering, Lawrence J. Kamm notes that “Complexity 
is easy; simplicity is the result of great effort.”10  Rube Goldberg machines are humorous, but they are 
extremely poor engineering solutions.  Of course, well-designed technology can be very complex, but it is 
organized and as simple as possible. 

Symmetry in the arts and sciences is exemplified by rhyme and meter, melody and counterpoint, light and 
shadow, conflict and resolution, waves and particles, cations and anions, the periodic table of the 
elements, derivatives and integrals, and light as an electromagnetic wave.  Symmetry appears as 
complementariness or periodicity.  Regarding symmetry in history, Mark Twain has been quoted as 
observing, “History doesn’t repeat itself, but it does rhyme.”11  Symmetry may be imposed by a novelist, 
or it may be observed by an astronomer.  Symmetry, like simplicity, is a guide to truth.  Symmetry 
emerges from the underlying structure and order of creation and ultimately from the Creator Himself. 

Symmetry is also characteristic of good engineering theory and good engineering design.  
Semiconductors have complementary charge-carrying particles known as holes and electrons.  
“Complementary MOS transistor” technology powers most modern electronic devices.  Digital 
electronics are based on “TRUE” and “FALSE” states in their logical design and “1’s” and “zero’s” in 
their representation of numbers in binary.  Like a scientist, the engineer looks for symmetry, and like the 
artist, the engineer imposes symmetry. 

2.4 The liberal arts uniquely enlarge creativity and guide toward truth and beauty. 
To conclude this turn, we extend Florman’s exhortation to study the liberal arts because they uniquely 
edify imagination and thus enlarge creativity.  As part of uniquely enlarging creativity, the liberal arts 
uniquely guide toward toward truth and beauty. 

Turn 3:  Common Virtues 

Creativity, truth, and beauty are “useful,” as suggested in the last turn, but they are worthy goals in and of 
themselves.  They are characteristic of God Himself and of His creation.  They are characteristic of man, 
God’s highest creation, created in the image of God.  The liberal arts and the professions must alike 
appreciate, seek, and advance creativity, truth, and beauty. 

This turn considers three more goals of a liberal education which are also common and crucial to the 
professions.  But the goals considered here are virtues and transcend mere goals.  As virtues, they are not 
inevitable.  The definitions and observations of the first turn are unavoidable matters of definition and 
fact.  The common features observed in the second turn are likewise in the realm of the world as it is –
physically, psychologically, philosophically, and theologically.  The virtues considered here, however, 
while inherent in the Christian liberal arts, are by no means guaranteed outcomes.  No doubt many 
students of our Christian liberal arts institutions graduate without attaining one or more of them. 

The three virtues common to the liberal arts and engineering which are considered here are joy, humility, 
and wisdom.  They are indeed vital, but many others, such as diligence, honesty, faith, hope, and love, 
could be explored.12, 13  Similarly, virtues are surely incorporated and superseded by the concept of 



shalom, the expansive, God-centered “peace” which is “the way the world ought to be.”14, 15  However, it 
is hoped that focusing on these “lesser” virtues will itself afford profound, unique, and even surprising 
insights and will set the stage for further reflection. 

3.1 Joy is a virtue common to the liberal arts and to engineering. 
Joy, the first virtue considered here, is naturally related to appreciating, seeking, and advancing beauty.  
As Florman says in Engineering and the Liberal Arts, “Beauty evokes joyousness that is its own 
reward.”16  Clearly, contemplating a beautiful work of art, of literature, of science, or of engineering 
brings pleasure and a sense of satisfaction. 

Joy is also related to creativity, to exercising our God-given creativity in a way that is consistent with how 
he has made each of us.  Florman in fact devotes the title and much of one of his books to this topic:  The 
Existential Pleasures of Engineering.  He is refreshingly honest when he says: 

… I have not included a staple of much writing about engineering—the urge to serve humanity….  
As professionals we pledge ourselves to public service, but I think this is stating the case 
somewhat backward…. [M]ainly it is because the existential pleasures—the deep-down 
satisfactions that stem from engaging in the technological work that human beings instinctively 
want to do—are the reward we receive rather than the goal we seek.17 

Serving other people is certainly a source of “existential pleasure,” of joy, for the engineer – as Florman 
states elsewhere – but the mere doing, the engineering itself, is, typically, an even greater source.  
Granted, Florman takes a secular approach to this, attributing the joy to fulfilling “instinctive” impulses, 
but the Christian can interpret this in light of the imago dei and the Cultural Mandate, as discussed 
previously, that human beings experience joy when they do what they were created to do.  As Eric Liddell 
attests in Chariots of Fire, “I believe God made me for a purpose, but he also made me fast.  And when I 
run I feel His pleasure.” 

Of course, joy is included in the fruit of the Spirit of Galatians 5:22-23.  It is a Christian virtue.  Scripture 
also teaches that “the joy of the LORD is your strength” (Nehemiah 8:10).  For the Christian, then, a 
connection exists between the Christian liberal arts and the professions and the work of the Holy Spirit in 
his or her life.  This connection will be explored further after the other virtues are considered, because it is 
common to all of them. 

2.2 Humility is a virtue common to the liberal arts and to engineering. 
Of the common features examined in the second turn, humility is most closely related to truth. 

Humility may well be the least common virtue among educated people.  While pride is the fundamental 
sin and the root of all other sins, educated persons, especially professional academics, are particularly 
plagued by an obnoxious form of pride, intellectual pride.  Rather than humility, arrogance and 
condescension are often expressed toward less-educated people.  Indeed, 1 Corinthians 8:1 indicates that 
knowledge tends to “puff up.”  Of course, this should be less prevalent at Christian institutions than at 
secular ones, but intellectual pride is a constant temptation everywhere.  So how can humility be a virtue 
of a liberal education? 

On a practical level, as a student, humility is a proper response to less-than-perfect grades, whether on 
assignments, exams, or in courses.  Humility accepts the conclusion that one’s knowledge and work are 
not perfect.  Humility is required to improve. 



But what about the straight-A student?  To start with, it can be reasonably assumed that even the straight-
A student does not know everything before taking a class, so even perfect grades indicate that learning 
has occurred.  Humility is a prerequisite to learning.  The person who thinks he knows everything cannot 
learn anything. 

But humility is also a prerequisite for active learning, for doing, for solving problems, and not only for the 
intake of new information.  This is exemplified by solving an engineering problem, by giving a speech, 
and by writing an English essay.  In order to solve an engineering problem, one first has to understand 
clearly what the problem is and what the criteria are for a successful solution.  Humility enables one to do 
this.  An engineering student analyzing a circuit has to allow himself to see that the voltage across a 
certain capacitor is the desired quantity and then submit himself to the work of solving for it, even if it 
requires solving three equations with real and imaginary quantities and with three unknowns.  Humility 
allows us to look past prejudices, laziness and fear, pet theories and technologies.  Humility enables an 
electrical engineer to listen to the residents of a remote village to determine that the village’s greatest 
physical need is a bridge over a ravine rather than photovoltaic solar panels for electrical power.  The 
writer of an English essay must allow the text to speak for itself rather than try to make it say what he 
wants.  Humility allows the public speaker not to be concerned with impressing her audience but with 
telling them something worthwhile.  In addition, humility allows her to “know her audience,” to see how 
they are like her and how they differ, and then speak to them according to who they are, not just who she 
is.  Humility is required to “answer the question that is asked” (as the author frequently exhorts his 
students). 

Students and professors alike must be “humble before the problem.”  Every engineering problem, both 
inside and outside the classroom, exists apart from one’s feelings.  Humility enables the problem-solver to 
get her ego out of the way and allows her to address the problem as it is.  Humility allows problem areas 
to be identified and help to be sought and accepted.  And the opposite side of an argument is heard only 
through humility. 

These are aspects of what might be called “intellectual humility.”  It is the intellectual result of personally 
accepting the truth of one’s imperfect knowledge and, ultimately, for the Christian, of personally 
accepting one’s role as creation rather than Creator.  The Christian scholar, a redeemed sinner, is called to 
walk humbly with the omniscient God (Micah 6:8), who is the Creator and center of all things (Romans 
11:36). 

This discussion of humility in academic and professional contexts began by acknowledging the ubiquity 
of intellectual pride.  It should be noted that the intellectual pride mentioned earlier might be better 
described as a superiority complex whose excuse for being is intellectual achievement.  It is not exactly 
the opposite of the intellectual humility described above.  Paradoxically, one can have tremendous, 
academic-based arrogance yet, at the same time, sufficient intellectual humility to achieve considerable 
academic and professional success. 

But the Christian must strive for more, extending intellectual humility beyond the narrow academic and 
professional realms.  For purposes both practical and moral, believers must act humbly toward other 
people.  “Do not be haughty, but associate with the lowly” (Romans 12:16).  “He who has ears to hear, let 
him hear” (Matthew 11:15). 



3.3 Wisdom is a virtue common to the liberal arts and to engineering. 
Wisdom, the third virtue, also flows from seeking truth and is predicated on humility.  How can biblical, 
godly wisdom be gained through education?  The serious student of scripture might even wonder how any 
education that is not explicitly scripture-based can yield wisdom.  The latter concern can be addressed by 
appealing again to the concept of General Revelation, that studying the work of the Creator yields 
knowledge of the Creator, the ultimate source of true wisdom. 

One specific type of “wisdom” that pertains to engineering is what is often called “intuition” or “insight.”  
After studying engineering content carefully, at length and in depth, it is hoped that students develop this.  
For instance, circuit elements become tools in the engineer’s problem-solving toolbox whose applicability 
is easily recognized and which can be pulled out and used when needed.  Electric circuits become “second 
nature,” so that a quick look at a circuit reveals its basic operation without having to analyze it in detail.  
In addition, such intuition enables the engineer to look at a problem and see “what is going on,” what the 
important phenomena are, and the elements and structure of a likely solution.  Analogous intuition is 
surely found in music, English, biology, education, and every other field of study. 

This intuition or wisdom in one’s major is developed through extensive, careful study.  It requires 
extensive knowledge, but it goes beyond the knowledge itself.  It involves creatively applying the 
knowledge.  According to Bloom’s taxonomy, this is the highest level of learning, the ability to apply 
what has been learned.  This wisdom also involves understanding the underlying structure of the 
knowledge and the connections between the various parts.  This would seem to be a reasonable goal in 
one’s major. 

But surely this is also a worthy and achievable goal in the broader part of a Christian liberal arts 
education.  While an engineer will not usually become a historian, the history studied in the general 
education component of the curriculum will inform his engineering and everything else he does.  Indeed, 
the network of knowledge gained through a liberal education should build a comprehensive, informed 
view of the world that can be creatively applied. 

At one level, this could be viewed as simply a reiteration of the observation from the first turn that the 
liberal arts are foundational to the practice of engineering through the insight they provide into human 
nature, psychology, and social interaction.  Florman takes this view when he observes: “In industry the 
effectiveness of engineers has been found to be limited by their lack of ‘people-wisdom,’ their reliance on 
‘coldly rational judgment,’ and the recurrent of a ‘noncommunicative syndrome.’”18 

This is probably what is commonly meant by being “educated.”  However, even this intuition, this 
interconnected, internalized knowledge does not transform character, which is what true, godly wisdom 
must do.  What is needed to bring about this transformation is the truth found in the Christian liberal arts, 
empowered by the Holy Spirit, combined with personal submission to the task and to the Spirit.  We 
really must fear God to receive his wisdom (Proverbs 1:7).  Many people pursue education to be 
transformed.  They are right to seek transformation and even right to see that education can play a part.  
But if they do not fear the Lord and submit to the sanctifying work of the Holy Spirit, they are merely 
more informed, refined lost persons.  Submission to the Holy Spirit’s sanctification is the final key to all 
three of the virtues considered here. 

3.4 Realizing these virtues requires faithful commitment and the work of the Holy Spirit. 
VanAntwerp has explored the role of the Holy Spirit in engineering, and many of his conclusions 
correspond to those of this paper.19  VanAntwerp observes the Holy Spirit’s work in inspiring the 



engineer; the Holy Spirit is the source of the creativity discussed in the second turn.  He also notes that 
the Holy Spirit is the source of “knowledge,” “guidance,” and “wisdom,” corresponding roughly to 
“truth” and “wisdom” explored in this paper.  Finally, VanAntwerp exhorts the engineering Christian to 
seek and pray to be changed by the Holy Spirit and not merely informed.  This paper’s emphasis on 
virtues complements VanAntwerp’s emphasis on repentance and obedience in the Holy Spirit’s work of 
developing in believers the character of Christ. 

Finally, it might be asked how a Christian who does not have the benefit of a Christian liberal arts 
education can have the virtues of joy, humility, and wisdom.  Obviously a college education cannot be a 
prerequisite for sanctification.  However, for those called to college and to a vocation requiring a college 
degree, a Christian liberal arts education is a useful tool in the hands of the Holy Spirit.  While our minds 
are being sharpened and all thoughts are being taken captive to Christ’s lordship (2 Corinthians 10:5), the 
Holy Spirit can turn habits of the mind found in the liberal arts and engineering into habits of the heart, 
further conforming our spirits to that of Christ (Romans 8:29). 

Conclusions and Future Work 

The first “turn” definitions and observations are suitable as an introduction to the nature of the liberal arts 
as the “pure” disciplines and the professions as their application to real-world, human problems.  A more 
historical approach might yield interesting insights as might a less hierarchical concept of knowledge.  
The second turn considered three features—creativity, truth, and beauty—common to the liberal arts and 
the professions and argued that the liberal arts uniquely develop skill in each.  While these common 
features stand out, others could be identified.  Also, the treatment of these features could be extended by, 
for instance, extending the treatment of beauty to include the optimization of form and function and/or to 
apply formal theories of aesthetics such as Thomas Aquinas’ integritas, proportio, and claritas.  
Similarly, a more precise understanding of how the liberal arts cultivate skills in the professions could be 
sought.  The relationship of Christian virtues to the Christian liberal arts and to the professions was the 
theme of the third turn, focusing on joy, humility, and wisdom.  Certainly the list of all relevant virtues is 
long, and a treatise could be written on each.  It is hoped that this introductory sample of observations will 
spark further work and further growth through the Christian liberal arts and their intersection with the 
professions.  
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Abstract 

Scientists agree that the Earth has been warming in recent years.  However, they disagree as 
to the cause.  Some believe the greenhouse gas carbon dioxide (CO2) produced by the 
combustion of fossil fuels is mainly responsible for the warming.  They believe that if CO2 
emissions are not dramatically reduced soon, that irreparable damage will be done to our planet.  
Others believe that manmade carbon dioxide has very little impact on the climate and some of 
those argue that increased concentrations of CO2 are actually beneficial.  The thesis of this paper 
is that the Earth is not as fragile as some would have us to believe and that God is ultimately in 
control of the climate, not humans.  That being said, the Christian engineer should still be a good 
steward of the environment by, for example, improving the thermal efficiency of combustion 
processes so less fuel is consumed which also means less pollution is generated.  This paper will 
discuss some of the major arguments for and against manmade global climate change, provide 
both short and long term examples of God’s control of the weather in the Bible, consider 
environmental stewardship, and conclude with some comments regarding a suggested Christian 
engineer’s response to this debate. 

Introduction 

Climate change is a hot topic (pun intended) these days.  While data show there was a recent 
period of warming, there are also considerable data showing the climate has begun to cool.  In 
fact, the term “climate change” is now used instead of “global warming”.  There is considerable 
controversy as to the cause of climate change.  The Intergovernmental Panel on Climate Change 
(IPCC) has argued that manmade (often referred to as anthropogenic) CO2 emissions, primarily 
caused by burning fossil fuels, are a significant but controllable cause of the warming due the 
greenhouse effect. 

The word providential means “brought about by special intervention of Providence (the 
foreknowing and protective care of God).”1  The doctrine of providence tells us that “the world 
and our lives are not ruled by chance or by fate but by God.”2 God rules “all happenings in the 
world, great and small”.3 This word was chosen deliberately to contrast it with manmade or 
anthropogenic.  There is no such word as theopogenic to mean God-made to contrast against 
anthropogenic, so providential has been used instead. 

Climate change is defined by the Intergovernmental Panel on Climate Change (IPCC) as “a 
change in the state of the climate that can be identified (e.g. using statistical tests) by changes in 
the mean and/or the variability of its properties, and that persists for an extended period, 
typically decades or longer.  The basic difference between weather and climate is the time scale 
where the former is short term and the latter is long term.  Climate change refers to any change in 
climate over time, whether due to natural variability or as a result of human activity.”4  The key 
is that climate change here does not refer to the natural changes in the climate, but rather to 



changes caused by people.  Note that in this debate, global warming and greenhouse gases are 
often used synonymously with climate change. 

Climate Change 

It is important to set the context of the climate change controversy from the outset.  Robert 
Carter, a professor of geology, frames the debate concerning climate change: 

Competent scientists from all these three groups (meteorologists, geologists, and other 
supporting disciplines such as engineers) accept, first, that global climate has always 
changed, and always will; second, that human activities (not just carbon dioxide emissions) 
definitely affect local climate change, and have the potential, summed, to measurably affect 
global climate change; and third, that carbon dioxide is a mild greenhouse gas.  The true 
scientific debate, then, is about none of these, but rather about the sign and magnitude of any 
global human effect, and its likely significance when considered in the context of natural 
climate change and variability.5 

Steven Bouma-Prediger, a professor of religion and an evangelical Christian, has written a 
book called For the Beauty of the Earth: A Christian Vision for Creation Care.6  He writes the 
following about climate change (p. 52): 

In summary thus far, the argument is impeccable: If greenhouse gases increase then (other 
things being equal) the world will warm up.  Greenhouse gases are in fact increasing – 
because of humans.  Therefore, the world is getting warmer – because of humans.  The real 
scientific debate is not over whether global warming is real, but rather is over how much and 
how fast average global temperatures might rise, whether other factors in the climate system 
will counter or amplify a temperature rise, and what the specific effects will be. 

There are many scientists and engineers, both Christian and non-Christian, who would disagree 
with Bouma-Prediger that the debate is over.  This section will briefly discuss some of the major 
arguments for and against climate change in this debate. 

Arguments For Anthropogenic Climate Change 

Two of the most well-known advocates for anthropogenic climate change are the 
Intergovernmental Panel on Climate Change (IPCC) and former U.S. Vice President Al Gore 
with his Oscar® winning movie An Inconvenient Truth.7  These advocates have won a Nobel 
Peace Prize for their work related to climate change.  IPCC proclaims itself to be a scientific 
body, while Al Gore is a former politician. 

The IPCC, according to its website, “is the leading international body for the assessment of 
climate change.  It was established by the United Nations Environment Programme (UNEP) and 
the World Meteorological Organization (WMO) to provide the world with a clear scientific view 
on the current state of knowledge in climate change and its potential environmental and socio-
economic impacts.”8  To date, IPCC has published four assessment reports (1990, 1995, 2001, 
and 2007).  A fifth report is currently in process.  The most recent report consists of four 
volumes: (1) The Physical Science Basis,9 (2) Impacts, Adaptation and Vulnerability,10 (3) 
Mitigation of Climate Change,11 and (4) The AR4 Synthesis.4 



Figure 1 is a key figure supporting climate change which shows that global average surface 
temperatures and sea levels have risen while snow cover has fallen from 1850 to 2006.  Other 
observed changes in the climate include: enlargement and increased numbers of glacial lakes, 
increasing ground instability in permafrost regions and rock, avalanches in mountain regions, 
changes in some Arctic and Antarctic ecosystems, increased runoff and earlier spring peak 
discharge in many glacier and snowfed rivers, and warming of lakes and rivers in many regions. 

 
Figure 1 (a) global average surface temperature, (b) global average sea level, and (c) Northern 

Hemisphere snow cover over the years 1850 to 2006 (Fig. 1-1 in IPCC, 2007).4 

Figure 2 is the famous “hockey stick” curve referred to by Al Gore in his movie An 
Inconvenient Truth7 which shows a relatively flat average surface temperature profile (the stick) 
followed by a rapid rise in temperature in recent years (the blade of the hockey stick) in the 
Northern Hemisphere.  This rapid rise is attributed to the increase in atmospheric CO2 
concentrations. 



 
Figure 2 Variations of the Northern Hemisphere average surface temperature for the past 1000 

years reconstructed (blue) from proxy data (tree rings, corals, ice cores) calibrated 
against thermometer data (red); smoother version of the reconstructed data (black) 
and two standard error limits (grey shaded).12 

 
Figure 3 (a) Global annual emissions of anthropogenic GHGs from 1970 to 2004, (b) Share of 

different anthropogenic GHGs in total emissions in 2004 in terms of CO2-eq., (c) 
Share of different sectors in total anthropogenic GHG emissions in 2004 in terms of 
CO2-eq. (Fig. 2-1 in IPCC, 2007).4 

Figure 3 shows that anthropogenic greenhouse gases (GHGs) in the form of CO2 have 
increased significantly since 1970.  Figure 4 shows that atmospheric concentrations of the GHGs 



CO2, CH4, and N2O have increased noticeably in recent years.  Figure 5 shows that the measured 
CO2 concentration has increased steadily in the last 50 years.  This has been attributed to the 
increased burning of fossil fuels. 

 
Figure 4 Atmospheric concentrations of CO2, CH4 and N2O over the last 10,000 years (large 

panels) and since 1750 (inset panels).  Measurements are shown from ice cores 
(symbols with different colors for different studies) and atmospheric samples (red 
lines).  The corresponding radiative forcings relative to 1750 are shown on the right 
hand axes of the large panels. (Fig. 2-3 in IPCC, 2007).4 



 
Figure 5 Monthly average atmospheric carbon dioxide concentration versus time at Mauna Loa 

Observatory, Hawaii (20°N, 156°W) where CO2 concentration is in parts per million 
(ppm) in the mole fraction, last updated December 2010.13 

Some of the predicted impacts of future climate changes include (IPCC, pp. 48-54):8 

• resiliency of many ecosystems will be exceeded, 
• 20-30% of plant and animal species are likely to be at an increased risk of extinction, 
• major changes in ecosystem structure and function such as increased risk for wildfires, 
• reduced crop production in some locations resulting in increased risk of hunger, 
• significant coastal erosion, 
• increased flooding, 
• increased deaths, diseases and injury due to extreme weather events, 
• reduced water availability including drought in many locations, and 
• increased ocean acidification. 

There is also the risk of abrupt and irreversible changes due to anthropogenic warming.  While 
not explicitly stated, it is implied that if not abated, those irreversible changes could permanently 
damage the environment. 

Carvalho et al. (2011, p. 1842) have written an article about a future low carbon society in 
the European Union and wrote this about climate change: 

There is a wide consensus that we are approaching the sunset of the conventional oil era in 
the first half of the 21st century.  From an environmental perspective, the dramatic rise in 
carbon dioxide emissions from the burning of fossil fuels is raising the earth’s temperature 
and threatening an unprecedented change in the chemistry of the planet and global climate, 
with potentially dramatic consequences for the future of human civilization and the 
ecosystems of the earth, as established by the scientific consensus of the Intergovernmental 
Panel on Climate Change.14 



Note the references to scientific consensus and to the potentially catastrophic impact on the 
environment. 

Arguments Against Anthropogenic Climate Change 

While politicians, the news media, and some scientists would have us believe there is a 
consensus of scientists who believe in the harmful effects of man-made climate change, over 
30,000 U.S. scientists have signed a petition rejecting that claim: 

There is no convincing scientific evidence that human release of carbon dioxide, methane, or 
other greenhouse gases is causing or will, in the foreseeable future, cause catastrophic 
heating of the Earth’s atmosphere and disruption of the Earth’s climate.  Moreover, there is 
substantial scientific evidence that increases in atmospheric carbon dioxide produce many 
beneficial effects upon the natural plant and animal environments of the Earth.15 

One of the key arguments against anthropogenic climate change is that the climate has 
changed naturally throughout history.  For example, El Niño, La Niña, and major volcanic 
eruptions are natural phenomena that cause major temperature and climate fluctuations.  Figure 6 
shows that surface temperatures in the ocean have fluctuated up and down over the past 3,000 
years.  Figure 7 shows that for the past 100 years, the Arctic air temperature has not only varied 
up and down, but that the variations coincided with the solar radiation from the sun which has 
varied throughout history.16  Solar irradiance is strongly correlated with surface temperature in 
the pre-industrial period from 1610 to 1800, but accounts for only one-third of the warming since 
1970.17  As further evidence for natural climate change, Peter Gwynne wrote in Newsweek 
magazine in 1975, “The central fact is that after three quarters of a century of extraordinarily 
mild conditions, the earth’s climate seems to be cooling down.”18  Multiple studies were cited to 
support this conclusion, which was made not that long ago during a time when CO2 emissions 
were increasing.  That would seem to argue that CO2 is not a major factor in climate change if 
temperatures were decreasing at a time when CO2 emissions were rising. 

   



 
Figure 6 Surface temperatures in the Sargasso Sea, a 2 million square mile region of the 

Atlantic Ocean, with time resolution of 50 to 100 years and ending in 1975, as 
determined by isotope ratios of marine organism remains in sediment at the bottom of 
the sea (3).  The horizontal line is the average temperature for this 3,000-year period.  
The Little Ice Age and Medieval Climate Optimum were naturally occurring, 
extended intervals of climate departures from the mean.  A value of 0.25°C, which is 
the change in Sargasso Sea temperature between 1975 and 2006, has been added to 
the 1975 data in order to provide a 2006 temperature value.19 

 
Figure 7 Arctic surface air temperature compared with total solar irradiance as measured by 

sunspot cycle amplitude, sunspot cycle length, solar equatorial rotation rate, fraction 
of penumbral spots, and decay rate of the 11-year sunspot cycle.  Solar irradiance 
correlates well with Arctic temperature, while hydrocarbon use does not correlate.19 



Although some argue the rate of warming has not declined,20 others argue that the average 
temperature of the earth has been cooling for the past decade.5,21  This is why it is argued the 
term global warming has been replaced by climate change because the earth is not currently 
warming, despite the fact that CO2 concentrations continue to increase.  This would obviously be 
a strong argument against the anthropogenic warming theory. 

Mudelsee (2001) investigated ice core and stacked marine oxygen isotope records.22  He 
showed that the atmospheric CO2 content lags behind atmospheric temperature changes in the 
Southern Hemisphere by approximately 1,300 years and leads global ice volume by 
approximately 2,700 years.  If CO2 lags temperature, then CO2 cannot be the cause of climate 
change but rather the result of it.  Those for anthropogenic climate change argue that manmade 
CO2 has only been significant in relatively recent years; therefore, the 420,000 year record 
investigated by Mudelsee is not relevant to today’s conditions.  Those against anthropogenic 
climate change would argue that the contribution of manmade CO2 to climate change is 
insignificant compared to naturally-occurring CO2. 

Many contend that the prediction of future catastrophic global warming is based on unproven 
computer models.  For example, Spencer argues that those models fail to include some important 
feedback mechanisms that if included would essentially reverse the dire predictions and would 
show that temperature fluctuations are nothing extraordinary.23  He further believes the modelers 
have confused cause and effect where the natural variations in cloud cover as measured by 
satellite data are largely responsible for the changes in climate rather than vice versa.  For 
example, climate change modelers have shown that higher global temperatures cause thinner 
high level cloud cover, but Spencer argues the reverse – the thinner cloud cover leads to higher 
global temperatures.  According to Spencer, if the effect of natural cloud cover variation was 
included in the climate change models, this would account for a much more significant effect 
than manmade CO2.  Spencer and Braswell (2008) have shown that a relatively simple model 
including random low cloud cover variations does predict significant temperature variation.24  
Spencer writes (p. 102): 

Taken together, all this evidence indicates that the climate models are too sensitive, which is 
why they predict so much global warming for the future.  In contrast, the satellite evidence 
indicates that the climate system is quite insensitive, which means that it doesn’t really care 
how big your carbon footprint is.  Rather than the 1.5 to 6 deg C (or more) of warming as 
predicted by the IPCC, a careful examination of the satellite data suggests that manmade 
warming due to a doubling of atmospheric carbon dioxide could be less than 1 deg C (1.8 deg 
F) – possibly much less.21 

Weather Control in the Bible 

Many secular scientists believe we have significant control over the climate which affects the 
weather.  It is argued here that while we certainly can impact the climate, we do not ultimately 
control it as God controls both the weather and the climate.  There are many Biblical passages 
that declare God’s sovereignty over the weather such as the rain, wind, and lightning.  Some 
examples include: 

• He gives rain on the earth and sends water on the fields. (Job 5:10) 

• He wraps up the waters in His clouds, and the cloud does not burst under them.  He 
obscures the face of the full moon and spreads His cloud over it. (Job 26:8-9) 



• For He looks to the ends of the earth and sees everything under the heavens.  When He 
imparted weight to the wind and meted out the waters by measure, when He set a limit 
for the rain and a course for the thunderbolt, then He saw it and declared it; He 
established it and also searched it out. (Job 28:24-27) 

• For to the snow He says, “Fall on the earth, and to the downpour and the rain, “Be 
strong.”  Out of the south comes the storm, and out of the north the cold.  From the breath 
of God ice is made, and the expanse of the waters is frozen.  Also with moisture He loads 
the thick cloud; He disperses the cloud of His lightning.  It changes direction, turning 
around by His guidance, That it may do whatever He commands it on the face of the 
inhabited earth. (Job 37:6, 9-12). 

• He causes the vapors to ascend from the ends of the earth; who makes lightnings for the 
rain, who brings forth the wind from His treasuries. (Ps. 135:7) 

• Who covers the heavens with clouds, who provides rain for the earth, who makes grass to 
grow on the mountains.  He gives snow like wool; He scatters the frost like ashes.  He 
casts forth His ice as fragments; who can stand before His cold? (Ps. 147:8, 16-17) 

• When He utters His voice, there is a tumult of waters in the heavens, and He causes the 
clouds to ascend from the end of the earth; He makes lightning for the rain, and brings 
out the wind from His storehouses. (Jer. 10:13) 

Only God understands the mysteries of the weather: 

• Can anyone understand the spreading of the clouds, the thundering of His pavilion? (Job 
36:29) 

• Have you entered the storehouses of the snow, or have you seen the storehouses of the 
hail, which I have reserved for the time of distress, for the day of war and battle?  Where 
is the way that the light is divided, or the east wind scattered on the earth?  Who has cleft 
a channel for the flood, or a way for the thunderbolt, to bring rain on a land without 
people, on a desert without a man in it, to satisfy the waste and desolate land and to make 
the seeds of grass to sprout?  Has the rain a father?  Or who has begotten the drops of 
dew? From whose womb has come the ice? And the frost of heaven, who has given it 
birth?  Can you lift up your voice to the clouds, so that an abundance of water will cover 
you?  Can you send forth lightnings that they may go and say to you, ‘Here we are’?  
Who can count the clouds by wisdom, or tip the water jars of the heavens. (Job 38:22-29, 
34-35, 37) 

• The LORD by wisdom founded the Earth, by understanding He established the heavens.  
By His knowledge the deeps were broken up and the skies drip with dew. (Prov. 3:19-20) 

• If the clouds are full, they pour out rain upon the earth; and whether a tree falls toward 
the south or toward the north, wherever the tree falls, there it lies.  He who watches the 
wind will not sow and he who looks at the clouds will not reap.  Just as you do not know 
the path of the wind and how bones are formed in the womb of the pregnant woman, so 
you do not know the activity of God who makes all things. (Eccl. 11:3-5) 

• The wind blows where it wishes and you hear the sound of it, but do not know where it 
comes from and where it is going. (John 3:8a) 



There are many examples in the Bible where God has providentially controlled the weather 
on both short and long term bases.  First, some short term examples will be given and then long 
term examples will be discussed.  Here, the definition of short and long is somewhat arbitrary 
where short is generally less than one day and long is usually more than a year.  In some cases, 
such as the drought and subsequent torrential downpour in 1 Kings, there is a combination of 
both short and long term examples.  Note that some supernatural events such as fire being sent 
from the sky to destroy Sodom and Gomorrah are not included here as they are not considered to 
be weather related. 

As previously stated, the difference between weather and climate is the length of time where 
climate is over a longer time such as decades or longer.  None of the examples given next would 
fall into that definition of climate.  Although the Israelites followed the cloud in the desert for 
four decades, this was too local a phenomenon to be considered climate control.  While the Bible 
does not explicitly give an example of what the IPCC would consider climate control, this can be 
inferred from passages discussed above. 

Short Term Examples of Providential Weather Control 

A number of weather miracles occurred during Moses’ tenure as God’s chosen leader of 
Israel.  Some of the ten plagues against Egypt concerned the weather.  As prophesied by Moses 
to Pharaoh, God sent thunder, hail, and fire where the hail was more severe than had ever been 
seen before in Egypt (Ex. 9:18-26).  The hail killed man, beast, and plants in the field.  However, 
the hail was specifically controlled so that none of it fell on the Israelites living right next to the 
Egyptians.  God also sent darkness over Egypt for three days, although the Israelites had light 
(Ex. 10:21-29).  It is not know exactly what happened to cause the darkness – it could have been 
heavy cloud cover for example.  Both of these plagues were also stopped at God’s will.  God 
used the wind to hold back the water while the Israelites crossed the Red Sea and then withdrew 
the wind killing the Egyptian soldiers who had been pursuing the Israelites (Ex. 14:21-29).  God 
also used the wind to bring quail to the Israelites in the wilderness (Nu. 11:31). 

God controlled the weather in miraculous ways for Joshua as he led the Israelites in the 
conquest of the Promised Land.  God sent large hailstones against the five kings of the Amorites 
which killed more soldiers than the Israelites (Josh. 10:11).  In that same battle, Joshua asked for 
the sun to stand still to extend daylight hours, which had never happened before or since, so the 
Israelites could finish destroying the Amorites (Josh. 10:12-14). 

After over a three year drought (Jam. 5:17), God sent a torrential downpour shortly after 
there had only been a tiny cloud in the sky the size of a man’s hand (1 Kings 18:44-45).  God 
brought a great storm on the Mediterranean Sea to get Jonah’s attention after he tried to escape 
from God instead of going to Nineveh as God requested (Jonah 1:4-15).  The pagan crew 
realized this storm was supernatural and prayed to their gods for relief but to no avail.  The storm 
stopped as soon as they threw Jonah into the sea.  Jonah repented and eventually went to 
Nineveh, where the people repented and were saved from destruction.  This displeased Jonah 
who did not believe the Ninevites deserved any compassion.  To get Jonah’s attention, “God 
appointed a scorching east wind and the sun beat down on Jonah’s head so that he became faint” 
(Jonah 4:8).  Apparently one sovereign weather encounter was not enough for Jonah. 



Jesus was involved in some weather miracles.  Jesus walked on water toward the disciples 
who were in a boat being buffeted by strong winds and waves which immediately stopped as 
soon as He got into the boat (Matt. 14:24-33; Mark 6:45-52).  On another occasion, Jesus was 
asleep in a boat with the disciples when storms arose that were strong enough to frighten even 
lifelong fisherman (Mark 4:35-41; Luke 8:22-25).  The disciples awoke Jesus who then calmed 
the storm much to their surprise and awe.  During Christ’s crucifixion, darkness fell on the land 
for three hours in the middle of the day (Matt. 27:45, 51-54; Mark 15:33; Luke 23:44-45). 

Long Term Examples of Providential Weather Control 

There are some well-known examples of God’s longer term control over the weather.  One 
might include Creation (Gen. 1) as the ultimate example of control over the weather, but for the 
purposes here, the starting point will be after Creation.  The first major example of long term 
weather control is the Flood (Gen. 7-9).  This event lasted a year and was specifically prophesied 
by God (Gen. 6:17) in response to the wickedness of the people at the time.  We still have 
rainbows today which symbolize God’s covenant with man that He would never again destroy all 
living creatures with water (Gen. 9). 

God used a pillar of cloud to lead the Israelites through the wilderness for 40 years (Ex. 
13:21-22; Psalm 78:14).  When the Israelites were camped, the cloud covered the tabernacle until 
it was time to move again (Num. 9:15-17).  He also used that cloud as a shield to protect the 
Israelites from the Egyptians by moving it between the two groups while the Israelites crossed 
over the riverbed of the Red Sea (Ex. 14:19-20). 

Joseph predicted there would be seven years of plentiful harvests followed by seven years of 
famine (Gen. 41).  Since the harvest was dependent on rain (Lev. 26:4; Deut. 11:10-15; 28:12; 1 
Sam. 12:17; Jer. 5:24), God provided rain when the harvests were plentiful and caused a drought 
during the famine.  The prophet Elijah prophesied to King Ahab that there would be a drought (1 
Kings 17:1) which lasted over three years (1 Kings 18:1). 

Environmental Stewardship 

The very first verse of the Bible tells us that God created the heavens and the Earth which 
God Himself proclaimed was good.  One of the last verses in the Bible tells us that God will 
make a new heaven and a new Earth and that the first heaven and first Earth will pass away (Rev. 
21:1).  The question then is what should we do as believers, and particularly as Christian 
engineers, while we are still living on the first Earth that will eventually be replaced?  More 
specifically, what should our response be toward those who argue that human activities will 
eventually destroy what God created, the Earth, through anthropogenic climate change? 

Man was created, in part, to rule over all other creatures and to subdue the earth (Gen. 1:26, 
28).  Clearly God does not need any help taking care of His Creation, but he has assigned that 
responsibility to us.  DeWitt writes (p. 51), “People are called by God to be earthkeepers.”25  
Therefore, all believers should care about the environment because we have been called to take 
care of it.  The fact that the current Earth will be replaced someday by a new Earth does not 
absolve us of our responsibility as caretakers. 



Many studies have investigated capturing CO2 from large industrial power plants with the 
intent of sequestering them (e.g., [26]).  One of the proposed methods for handling the large 
quantities of CO2 that would be captured is to use the CO2 to enhance oil and gas recovery.  CO2 
is injected into the wells to force out more oil and gas.  This is an economic technology as the 
costs of injecting the CO2 are typically more than offset by the increased recovery of oil and gas.  
However, there are a number of other proposed methods for handling the CO2 which are not 
currently economical, nor environmentally friendly.  For example, some sequestration proposals 
include injecting the CO2 into abandoned wells for permanent storage.  The modified power 
generation processes to capture the CO2 in the exhaust products would add considerably to the 
cost of power.  If manmade CO2 is not really dramatically harming the environment, then these 
CO2 capture schemes would actually be damaging the environment themselves because more 
fuel would be consumed to maintain the same level of power production.  Combusting more fuel 
for a given level of power means more pollutants such as nitrogen oxides (NOx) and carbon 
monoxide (CO) would be produced.27  Many computer models have been developed (e.g., [28]) 
to predict the level of manmade CO2 produced under various reduction scenarios, assuming 
different reduction costs.  The higher the cost to reduce CO2, the less will be generated, assuming 
there is some type of tax assessed for generating CO2, which is the purpose for the cap-and-tax 
proposals to curtail greenhouse gases. 

Some argue that the increased CO2 in the atmosphere is actually beneficial to the 
environment because it enhances plant growth which provides more food for people and animals 
(e.g., [29]).  Idso and Singer (2009, p. iii) write, “our conclusion is that the evidence shows the 
net effect of continued warming and rising carbon dioxide concentrations in the atmosphere will 
be beneficial to humans, plants, and wildlife.”30  Support for the argument is that commercial 
greenhouse growers use much higher levels of CO2 than are in the atmosphere to enhance plant 
growth.  This enhances the production of both crops and forests, which in turn increases the 
uptake of CO2.31 

Since many of the proposed large scale CO2 mitigation technologies are both very costly and 
potentially damaging to the environment themselves, it would seem to be prudent to at least 
prove unequivocally that manmade CO2 emissions are in fact causing harmful climate changes.  
Since there are considerable contradictory data, anthropogenic climate change has not been 
sufficiently proven to justify massive changes in combustion processes that generate CO2.  
Further, some evidence has been shown that increased atmospheric CO2 concentrations may 
actually be beneficial.  These competing points of view make it more difficult to determine a 
suitable environmental response. 

Christian Engineer’s Response 

It is not in dispute that the Earth’s climate changes, nor that humans can influence local 
climate change.32  What is in dispute is whether the current climate change is unusual and 
whether humans are causing the change which if not corrected will lead to catastrophic and 
irreparable damage to our planet.  The data seem to indicate that the current warming is not 
unusual as there have been other times throughout the Earth’s history when the planet has been 
warmer.  The Christian engineer should be a staunch supporter of studying the environment and 
examining all of the data, not just the data that supports a particular theory or viewpoint.  One of 
the key recommendations by the Panel on Advancing the Science of Climate Change is 



continued study and research to improve our understanding of the climate, which should be 
supported by all engineers and scientists whether they are Christians or not.33 

Politicians around the world have either enacted or are considering legislation such as cap-
and-trade to reduce CO2 greenhouse gases, primarily by taxing fuels containing carbon to try to 
reduce demand.  Doomsayers believe that if CO2 emissions are not dramatically reduced very 
soon, that irreparable and irreversible damage will be done to the environment.  They give far too 
much credit to man’s impact on God’s creation.  While man is the steward of this world, he is 
not the master.  It is the thesis of this paper that humans can and have damaged God’s creation, 
but we can’t destroy it.  Those that believe we can destroy the Earth by burning fossil fuels give 
too much credit to us and not enough (any?) credit to God.  God is still ruler over His creation. 

The climate has changed many times throughout history, even before man began burning 
large quantities of fossil fuels.  It is well known that the sun’s heat output fluctuates considerably 
with time and that the Earth’s temperature tracks with that output.  This should not be surprising 
to engineers as surfaces receiving more or less thermal radiation increase or decrease, 
respectively in temperature.  While Christian engineers can design processes and equipment to 
minimize CO2 emissions by maximizing combustion efficiency, they need to educate others 
about God’s ultimate control over the environment and His creation.  Past history has shown that 
our world is not as fragile as many would have us to believe.  The Bible provides many examples 
of God’s control over nature, such as the creation of the universe, the Flood, the day the sun 
stood still, fire from Heaven, calming the wind and the waves, and many more.  It is extremely 
arrogant of man to think that he can permanently and irreparably damage God’s creation.  
Christian engineers need to properly balance environmental stewardship with the realization that 
God is ultimately in control.  Failure to do so can lead one to worship creation, rather than the 
Creator.  Climate change provides engineering educators an opportunity to teach students about 
God’s providence. 

Robert Carter writes (p. 24), “it is simply hubris to imagine that our present understanding of 
planet Earth is adequate to allow us to successfully engineer future climate change.”5  One 
argument that has been used to support a need for action to reverse anthropogenic climate change 
is that our greed is leading to the destruction of God’s Earth.34  We humans certainly can be 
greedy, but can we destroy God’s Earth?  The Apostle John writes that God will destroy the 
current Earth and there will be a new Earth (Rev. 21:1).  While we can and have damaged God’s 
Earth, we will not destroy it. 

God uses the weather to show His graciousness towards us, “He did good and gave you rains 
from heaven and fruitful seasons, satisfying your hearts with food and gladness” (Acts 14:17b) 
and “Ask rain from the LORD at the time of the spring rain – The LORD who makes the storm 
clouds; and He will give them showers of rain, vegetation in the field to each man” (Zech. 10:1).  
Christian engineers should be especially thankful for God’s providence over the environment. 

One example of a relatively recent policy change that had a positive environmental impact 
was the banning of chlorofluorocarbons (CFCs) which were damaging the upper ozone layer that 
protects us from harmful UV radiation.  The previous hole in the ozone layer over Antarctica is 
now nearly closed.  However, a more recent example of poor public environmental policy in the 
U.S. was the mandated production of ethanol in an attempt to use biofuels to reduce greenhouse 



gas emissions.  Searchinger et al. (2008) have shown that this actually increases CO2 emissions 
because previous analyses failed to account for all of the emissions involved in producing 
ethanol.35  Christian engineers should support appropriate environmental policies, while 
opposing those that are not based on sound science and evidence. 

Some argue that taxing fossil fuels with the intent of reducing CO2 emissions will actually 
adversely affect the poor most of all.21  Such a tax would increase the cost of fuels such as 
gasoline, heating oil, natural gas, and electricity which is usually produced by burning fossil 
fuels.  This would directly or indirectly increase the cost of almost everything we use that either 
uses fuels directly (e.g., automobiles and airplanes) or indirectly (e.g., transportation costs for 
food and clothing).  The added costs would be more burdensome to the poor because even more 
of their limited income would go toward necessities such as food and transportation.  Believers 
have been directed by God to take care of the poor (Lev. 25:35).  Christian engineers should 
oppose bad policies that particularly hurt the poor. 

Christian engineering educators should be searching for the truth.  Proverbs 12:17 says “A 
truthful witness gives honest testimony, but a false witness tells lies.”  The climate change 
alarmists have argued there is a consensus among scientists that anthropogenic climate change is 
occurring.  However, there is no consensus and science is not done by consensus but by data and 
evidence.  Those who argue against anthropogenic climate change have been personally 
attacked, denied tenure, prevented from publishing dissenting information in refereed journals, 
and been negatively labeled as “climate change deniers.”36  McIntyre and McKitrick (2003, 
2005) have argued that the so-called “hockey stick” plot in Figure 2 has many errors and is very 
misleading by relying heavily on a particular type of data (pine tree growth) that produces the 
rapid temperature rise in recent years.37,38  Removing that data eliminates the distinctive sharp 
rise at the end of the hockey stick.  McKitrick and Michaels (2007) have shown that extraneous 
nonclimatic signals have seriously contaminated surface temperature data which has led to a 
significant overestimation of the actual trends; filtering out these effects reduces the estimated 
1980-2002 global average temperature by about half.39  The Climategate scandal is troubling 
because it shows a conspiracy to prevent any contradictory data from being presented.  Good 
scientists and engineers should always be looking for such data to ensure their theories are valid.  
Those arguing most vehemently about the portending climate disaster also seem to have the most 
to gain from it.  Al Gore has made millions of dollars from his book, movie and speeches.  
Scientists supporting anthropogenic climate change have received millions of dollars in research 
funding.  Clearly, they are not unbiased observers.  A former colleague of mine used to say “In 
God we trust, all others bring data.”  Theories should be based on data, not on consensus.  
Science is often compared in contradistinction to religion.  Science is supposed to be unbiased 
and dispassionate, while religion is based on faith which some argue makes its followers biased 
and passionate.  One wonders if anthropogenic climate change has become more of a religion to 
some than a science. 

It is currently very popular to be “green” but one wonders if even some Christians have lost 
sight of the fact that it is God who ultimately controls the environment.  Some want to ascribe 
supernatural powers to the mythical Mother Nature, even to the point of worshipping her.  May 
this never be the case for believers, for we have been blessed far more than we deserve by a 
loving and powerful Creator.  Our planet is not the fragile and sensitive place some would have 
us believe.  In fact, it is a marvelous creation that is remarkably resilient to change.  While 



believers have been called to care for planet Earth, our primary responsibility is worshipping its 
Creator. 
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I am a professor of theology. Rather than teach Intro to Religion as my core service course, 
I teach Christian ethics to 120 or more students every year. I got this gig, in part, because my 
undergrad background was physics, because my dad was a mechanical engineer, because I did a 
stint of campus ministry at Michigan Tech, and because my dissertation was about the impact on 
theological ethics of the work of an aeronautical engineer-turned-philosopher named 
Wittgenstein. But I am not an engineer. Nevertheless, I want to be able to tell my students that 
engineering is, or can be, a Christian vocation. In my paper, I do not intend to survey all the 
relevant literature on vocation. My concern is more theological and conceptual in nature. 

A few years ago an engineering student told me that God had called him to the priesthood. 
Before me stood  an A student with an exemplary work ethic and winsome demeanor to match. 
He gave every appearance of having cultivated healthy friendships, maintained close ties with his 
family, and was sought after by the engineering firm with which he had interned. Granted, this 
student viewed his life, relationships and future with an uncommon degree of spiritual 
earnestness. But that outlook struck me in his case as an entirely appropriate indication of his 
social and emotional maturity. 

When we consider this student—really the best of all cases—I am struck by lingering 
questions concerning “vocation.” Suppose we invert the illustration. Imagine not an engineering 
student but a seminarian who is renouncing theological studies cheerfully claiming, “God has 
called me to be an engineer!” To some ears the statement, “God has called me to be an engineer” 
may not ring true. It sounds awkward, even ungrammatical. Long before the student is asked, 
“Are you certain God has spoken thus?” the temptation is to help the student get clearer about 
the sorts of occupations are legitimate candidates for divine calling.  

We are not so shocked when a person claims to have a “calling” to the pastorate, or the 
priesthood, or social service, or to missionary work, or to education, or even medicine, because 
these are just the sorts of occupations God would call one to. But engineering? “Is engineering 
the sort of occupation to which God might call someone? And if so, why?” The way we will 
proceed answering this question is by thinking about practical wisdom, which is the disposition 
(or “habit” or “virtue”) of doing practical reasoning well. 

There are two ways practical reasoning can go wrong. Nazi engineers built gas-
chamber/cremation ovens using top-quality materials and the “finest” workmanship to produce 
ovens that were highly efficient.i This is an instance of good means but of a horribly bad end (or 
aim). Conversely, Nazi physicians perfected the refrigeration of meat—a good end—by studying 
the effects of freezing and thawing (and then refreezing and re-thawing) the limbs of living 
victims (the process was repeated until, in some cases, the limbs simply fell off)—bad means.ii 
But before we can say that an act of practical reasoning is good, both means and ends must be 
good in order. 
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In what follows, I apply these two metrics to the enterprise of engineering as a whole. It 
seems logical to suppose that if the enterprise fails to meet one of both metrics, it cannot be a life 
candidate for “vocation.” I shall argue that engineering, viewed theologically, fulfills both 
metrics. This won’t prove engineering to be a vocation, because there may be metrics that we 
have not yet considered. The farthest our investigation will be able to go is to conclude that by 
fulfilling these two metrics, engineering becomes a plausible candidate for vocation. To say the 
same thing differently, by fulfilling these criteria, we will be able to see the two ways in which 
engineering resembles medicine, ministry, social work, teaching, and other bona fide vocations. 

 

METRIC #1 DOES ENGINEERING HAVE A (CHRISTIANLY) GOOD END? 

CLAIM #1 JESUS IS THE END (OR AIM) OF ENGINEERING AS A CHRISTIAN VOCATION. 

 

True or false, “Honor is always bestowed on those who deserve it.” The trouble with this 
sentence is the ambiguity around the meaning of “deserve.” What counts as “deserving” is 
changes from time to time. Social esteem is a shape shifter. As late as the 1960s, surgeons in 
Russia were classified with manual laborers, because they worked with their hands! In contrast, 
in America the highest paid doctors are surgeons (orthopedic surgeons). It may be a matter of 
cultural luck that today’s engineers are held in such regard. But this esteem is not inevitable. In 
other times and places, engineers were honored much less than today. (Being an engineer in 
Stalin’s era was likely to get you imprisoned, exiled and possibly killed.iii) Nor does the honor 
that a society pays the professional reflect the inherent worth of the profession. (If that were true, 
millions of dollars would be paid to school teachers rather than to straight-out-of-high-school 
athletic phenoms.) I raise the point about the fickleness of social esteem to remind us that the 
worth of engineering is not a no-brainer. We cannot count on society’s opinion (currently high) 
to assure us that engineering matters. To reach this conclusion we must dig a little deeper. 
Unfortunately, digging into the past is not entirely reassuring. 

Looking at the broad sweep of history, we can observe a tendency to bestow “honor” more 
quickly  and in greater measure on those who owned technology than on those who designed and 
built technology.iv Medieval farmers who owned heavy plows increased in prosperity, and thus 
social status, but no one remembers who invented the heavy plow to begin with.v Medieval 
knights were grateful to the blacksmiths who made and improved their armor. Despite the fact 
that knights owed their success in battle to the smithy, it was the knights and not the smithy that 
received honor. 

Between the demise of the Davidic kingdom (587 BCE) and the birth of Christianity, the 
dominant technological culture in the West was Greece, followed by Rome. Both cultures 
produced engineering marvels like the Parthenon and the Aqueduct. But when we ask who got 
the honor, it was decidedly not the mechanical reasoner! The smartest people in the ancient 
world thought mechanical reasoning was undignified! 

[N]ot only are the arts which we call mechanical [banausikai] generally held in bad 
repute, but States also have a very low opinion of them,—and with justice. For they 
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are injurious to the bodily health of workmen and overseers, in that they compel them 
to be seated and indoors, and in some cases also all day before a fire, and when the 
body grows effeminate, the mind also becomes weaker and weaker. And the 
mechanical arts, as they are called, will not let men unite with them care for friends 
and State, so that men engaged in them must ever appear to be both bad friends and 
poor defenders of their country. And there are States…in which not a single citizen is 
allowed to engage in mechanical arts [banausikas technas].vi  

–Socrates, 5th Century BCE 

…any occupation, art, or science, which makes the body or soul or mind of the 
freeman less fit for the practice or exercise of excellence, is mechanical; wherefore 
we call those arts mechanical which tend to deform the body…for they absorb and 
degrade the mind.vii 

–Aristotle, 4th Century BCE 

In other words, mechanical reasoning was fit only for slaves. The early Roman historian 
Plutarch, looking back on Greek history, could only conclude that even if Archimedes had saved 
Athens by his contraptions (we now know he didn’t), he would have done so shamefully! viii 

Although Plutarch had been born a Greek, he became a naturalized citizen of Rome.  So 
advanced was Rome in its heyday that some tiny nations reportedly declared “war” on Rome 
with the intent of immediate surrender, because to be “conquered” by Rome meant better roads, 
better policing, and in some cases, the hope of better water and even indoor plumbing (a.k.a. the 
Roman aqueduct systemix). As far as these outlying peoples were concerned, Rome was much 
more like their Savior than their conqueror. Perhaps this is why Plutarch transferred allegiance to 
Rome. But for Plutarch’s contemporaries who were Jewish—like Rabbi Gamaliel and Jesus of 
Nazareth—the culture of the occupying force was something to be disdained. 

In the hinterlands of the Empire, a tiny fanatical Jewish sect called “The Way” slowly 
gained Rome’s attention.x By the end of the first century, members of The Way, eventually 
called “Christians,” were persecuted—some even to the point of death.xi Sporadic waves of 
persecution against Jews and Christians, especially in the big cities, would last for several 
centuries. So, it is not surprising that writers of the Christian New Testament didn’t care two figs 
for the technological marvels of the very empire that was feeding Christians to the lions for 
sport. As far as the NT is concerned, salvation was decidedly not to be found in Roman (or 
Greek) technology. This is not the same thing as saying mechanical reasoning is evil. But the NT 
is simply silent on topics of technological skill (techne) and mechanical arts (banausikas 
technas). 

While Christianity grew in strength and intellectual acumen, Rome as a culture appeared to 
be rotting from within (at least that is how Christian thinkers diagnosed the rule of monsters like 
Nero and Caligula and Domitian). In the 4th Century, the Emperor Constantine opted to establish 
his throne in the eastern side of the empire, making Constantinople the new imperial city. It was 
Constantine who finally ended the ban on Christianity in 315 CE, and emblazoned the militia’s 
shields with the Christian symbol of the Cross. Emperor Theodosius went further declaring in 
387 that Christianity was not only legal, it was the mandatory religion. The division of power 
between Rome and Constantinople contributed to vulnerability in the defenses of Rome. By the 
end of the 4th Century, Rome was being repeatedly to be sacked and torched by “marauding 
hordes of barbarians” from the north. (Were they really barbarians, or is “barbarian” simply the 
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name any nation gives to its enemy?). Many began to grumble that the gods had been snubbed by 
the rise of Christianity. Thus the demise of Rome was blamed on Christians. 

In the middle of the 4th Century, a former philosopher named Augustine converted to 
Christianity and defended Christianity in terms that the educated could understand.xii The books 
he wrote span many feet of shelving. But on the issue of technology, Augustine is virtually 
silent. In one of the last books he wrote (the one in which he defended Christianity against the 
charge of ruining Rome) Augustine expressed guarded admiration of Roman technology. But 
two paragraphs was the extent of his treatment.xiii Later Christian theologians followed suit and 
simply step over technology in their writings. 

The one exception to Christian silence is St. Isidore—today Isidore has been deemed the 
patron saint of the Internet—whose encyclopedia gives a detailed account of the state of human 
learning. As far as Isidore was concerned, human learning was expanding. Some disciplines, 
such as the study of clays, sands, and minerals (and their related properties) were relatively new. 
But how to classify this new kind of learning? He decided mineralogy ought to be subsumed 
neither under “geometry” nor under “music!” Neither could he dismiss it as fit only for slaves as 
Socrates had done. Isidore decides to place “mechanical” arts alongside other noble disciplines. 
Thus does materials science become noble in its own right.xiv Unfortunately, Isidore also set 
engineering back a few paces. His blundering fascination with etymology led him to mistakenly 
think that the Latin mechanicus was derived from the Greek moichos meaning “adulterer” rather 
than from mechane (i.e., machine) or mechos (i.e., a means, something expedient, a remedy). 
Christian thinkers after Isidore—and in this age virtually every “thinker” was explicitly a 
theologian—understood “mechanical” to be synonymous with “adulterate!”xv The lingering 
implication is that the practice of ars mechanicus may require confession and forgiveness. 

These 1,000 years of historical anecdotes from yield a puzzling picture. We know that 
engineering in the West today is held in very high regard. Many suppose that the 19th-century 
Industrial Revolution had something to do with this.xvi But the Industrial Revolution spawned 
both technological marvels and horrific human suffering.xvii Therefore, shouldn’t the social 
esteem of engineering suffer losses as well as gains? But it does not. Just as puzzling is the way 
the high esteem of engineering was specifically linked to an instantaneous upturn in opinion by 
Christian theologians. So complete was this praise that in some circles, engineers imagined 
themselves to be “saints.”xviii What made the difference? 

If we graph the limited anecdotal data we have, we get this sort of result: 
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Figure 10.1 Cultural Esteem of Engineers in the West 

In short, ancient Greeks disdained technology, 12 centuries of theologians were middling at best. 
Yet by the 19th and 20th-centuries, the opinion of Christian thinkers is very high. 

The gap between the middling outlook towards engineers by most medieval Christian 
thinkers to the extremely high opinion of engineers by the end of the 20th Century is a puzzle 
requiring a solution. The gap-filler is a 12th-century monk living in Paris name Hugh of St. 
Victor. To him we turn for an explanation that engineering matters because it is inherently good, 
and it is inherently good because it can, and often does, aim at God-approved ends.  

 

HUGH OF ST. VICTORxix 

Hugh’s work on technology is in the book called the Didascalicon: The Study of Reading. 
It is a book about how to read Scripture well. In fact, it is not a book on mechanical arts per se; 
mechanical arts shows up as a side issue. But his handling of mechanical arts sets an entirely new 
theological trajectory, one that will help us understand engineering as a Christian vocation. The 
most concise way to spell out Hugh’s line of reasoning is by the following three points. 

1.   (MORAL) ENTROPY HAPPENS 

Hugh’s positive account of engineering begins with the admission of something very 
negative. If you or I set out to defend engineering, we’d probably begin by point to engineering 
successes. But Hugh begins at the very bottom, as it were, with the reality of moral entropy. 

Moral entropy—for example, that it is easier to fall into bad habits than into good ones—is 
something of an enigma since for Abrahamic faiths the most fundamental aspect of the universe 
is good God. “In the beginning God….” In the very beginning, there were not two things in 
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conflict, but One,xx namely, God whose name is Love, Peace, Near, Mercy, Justice, Compassion, 
Light, Forgiveness, and so on.xxi God is, by definition, goodness itself. God’s goodness is so 
excessive and his delight in goodness so abundant  that God is delighted for his goodness to 
“bubble over.” This “bubbling over” of the Goodness that is God is called “creation.”xxii “God 
saw everything that he had made, and indeed, it was very good.”xxiii 

So where does moral entropy come from?  
Hugh follows the historical Christian answer that the all-good God created all and only 

good things, but created them in a particular order of value.xxiv The nature of the order is that 
each item in creation has its own inherent degree of worth or honor. We rightly love horses more 
than slugs because, on this view, horses are higher on the order of things. (Today we might say 
“more complex” instead of higher, but the idea is the same.) The answer to the mystery, “Where 
does moral entropy come from?” is that human beings were created as free moral agents—we 
can pour out love in greater or lesser quantities as we choose. Sometimes we choose wrongly. 
The pattern of our choosing is manifest in our form of life. A positive example is the way we 
instinctively spend time with a dog, giving it treats, affection, care and a name, while we do 
these things to a far lesser degree for a potted plant.  We could lavish affection on a potted plant 
and neglect Fido, but to do so would be inordinate, out of whack, messed up. The origin of “out 
of whackness” is referred to as the Fall. In marvelous Hebrew poetry, the Fall is recounted  in the 
story of the snake, the applexxv and the human couple living in the Garden of Eden. The choice 
made by the human couple was not to love plant too much, but to place God lower than rational 
mammals on the honor scale.xxvi From the vantage point of theology, the fallen state is extensive, 
though perhaps not intensive. We may not be as bad as we can be (i.e., intensive depravity), but 
every arena of human experience (extensive) feels the pull of a distorting influence.  

The origin of evil is a complex philosophical matter.xxvii But two things concern us in 
Hugh’s account. First, the free choice that rearranged the value system, placing God lower on the 
pecking order, resulted in the disordering of the human ranking faculty. In other words, the 
human faculty of love became disordered and confused. On the one hand, we love ourselves too 
much. Love that is inordinate is no longer genuine love, but something vicious, something 
idolatrous and obsessive.xxviii Thus, disordered human love manifests itself sometimes as greed, 
other times as jealousy, covetousness, pride, and so on. Human love is not entirely messed up; 
but we cannot ever completely escape the distortion of moral gravity. (Thus a parent may fly into 
a rage and strike the very child the parent would otherwise die for.) This pseudo-love, this 
narcissistic affection, results in a warping of our outlook. So, on the other hand, we can’t help 
but misperceive the object of our obsession; namely, we misperceive ourselves. In short, we no 
longer remember who we really are. Nor does the bad news stop there. By failing to “love” God 
enough, we are also failing to love God genuinely. In our sinful state we mistakenly think we 
“love” God just the right amount. In reality what we aim at God is not love at all but something 
defective, tame, commodified: mere sentimentality. Moreover, just as in the former case of 
misperceiving ourselves, in sentimentalizing God we misperceive God. As sociologist Christian 
Smith points out, young Americans think of God as nice, helpful, safe.xxix As a result of our 
dually-disordered love, fallen human beings have forgotten who they are and Whose they are. 

In addition to the self-perpetuating moral myopia, the second result of the Fall is that 
creation is under a “curse.” I am speaking neither about magic nor science. I am speaking as a 
theologian.xxx Once human beings, viceroys of creation, became incapable of rescuing 
themselves (as Augustine explains, nonposse nonpeccare, not able not to sin), creation itself, 
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which they were supposed to tend, fell into randomness. Christian Scripture aptly expresses it 
this way: 

For the anxious longing of the creation waits eagerly for the revealing of the sons of 
God.  For the creation was subjected to futility…in hope that the creation itself also 
will be set free from its slavery to corruption into the freedom of the glory of the 
children of God.  For we know that the whole creation groans and suffers the pains of 
childbirth together until now.xxxi 

Whether we call this futile corrupt state “sin” or “entropy” makes little difference for Hugh’s 
argument. The fact of the matter is: iron rusts, people sicken and die, tsunamis happen, and 
things fall apart.  

This the very broadest description of the human condition, and it may be challenged in the 
details. For example, not every scientifically-minded theologian equates physical entropy with 
moral evil. Some of the things called “evil” are not the result of primordial fallenness from 
perfection but simply the by-product of finitude. Physical bodies, being finite in space and time, 
will sometimes collide in painful, though not necessarily evil—ways.xxxii Nevertheless, if we 
think like a medieval and grant these staring points to Hugh—that something is out of whack 
about people and creation—we’ll be able to understand his defense of engineering as good. To 
summarize his first point, we none of us can escape the down drag of entropy in all its forms. 

 

2.   MORAL ENTROPY MOTIVATES A QUEST 

There is a map of the word that was discovered at a convent in Ebstorf, Northern Germany. 
It dates from the 13th Century. It shows the known world—centered on Jerusalem—as the body 
of Christ. 
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Figure 10.2 Ebstorf Map Reproductionxxxiii 

Christ’s head is at the top (=eastxxxiv), feet at the bottom, and his hands open to the northern and 
southern poles. Theological legitimacy for this –very odd to us!—picture, is the notion that the 
Second Person of the Trinity, who according to Christians became incarnate as Jesus Christ, was 
the exemplar or formal cause of creation. (A formal cause is like a blueprint, with the caveat that 
the kind of modeling involved in formal causes is not strictly “one-to-one onto” like it is for 
blueprints.) In other words, theologians claim that the world was modeled after Christ. In terms 
more familiar to us, our world and Christ are “dynamically” similar—to borrow Hertz’s 
adjective.xxxv  Just as a team of designers with top-shelf training were eventually able to convert 
a child’s toy whirlygig (e.g., the 19th-century Pénaud flyer) into a full-scale working helicopter, 
we must grant that it is logically possible that theologian may have training adequate for actually 
seeing the dynamical similarity between Christ and the world. At least Hugh claimed to see it. 
The opening line of his book is, “Of all things to be sought, the first is that Wisdom in which the 
Form of the Perfect Good stands fixed.” This phrase, “the Form of the Perfect Good,” is code 
language or technical terminology as far as theologians are concerned: it was a special name for 
Christ.xxxvi  

Thinking of Jesus as the telos or aim of creation may not be as odd as we might think. 
Colossians 1:15-17 refers to Christ as “the image (eikon) of the invisible God… for in (en) him 
were all things created, in the heavens and upon the earth, things visible and things invisible, 
whether thrones or dominions or principalities or powers; all things have been created through 



 9

(dia) him, and unto (eis) him; and he is before all things, and in him all things consist” (ASV, 
1901). The three prepositions—in, through, and unto—express the extensiveness of Christ’s 
involvement in creation. I used an older translation  because newer ones mistranslate the third 
preposition as “for,” “all things have been created for him.” But the Greek term connotes 
direction rather than instrumentality: all things are created to Christ. This is the language of 
modeling. Just as Jesus is the visible eikon of the invisible Father, so too all created things are, or 
ought to be, the visible expression of Christ. 

Hugh sees Jesus as the model for putting things to right that are currently out of whack. As 
is the case at the outset of quests and dynamical modeling, we are not likely to have a clear idea 
where we are going. But Hugh suggests that Jesus presents us with at least a foggy notion of 
where to begin. Admittedly, these first two principles make for thick theological weeds. 
However, we need only to be able to imagine how these concepts worked for 13th-century 
thinkers and that they lead, finally, to the following conclusion. 

 

3.   A COMPLETE QUEST TEAM NECESSARILY INCLUDES ENGINEERS  

The quest for Wisdom is necessarily a team sport. Given the interdependence of the body 
of Christ,xxxvii we should not expect any one individual to possess expertise in all three of the 
required modes of reasoning (theoretical reasoning, practical reasoning, and mechanical 
reasoning). The important point for us is that Hugh is perhaps the very first person in Western 
history to say that mechanical reasoning plays a crucial role in the quest. As we have seen, 
thinkers prior to the Christian era often misunderstood ars mechanicus, if they mentioned it at 
all. In striking contrast, Hugh’s treatment was an immediate and lasting catalyst for regarding 
mechanical arts in positive ways. Within the very next generation, one of the towering figures in 
theology—St. Bonaventure—credits Hugh with near genius understanding of ars 
mechanicus.xxxviii  
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Figure 10.3 Hugh’s Influence on Western Esteem 

This is not to say that all confusion was erased. (It does not occur to Hugh that 
“mechanicus” does not mean “adulterate”!xxxix) But it does mean that Hugh understood 
mechanical reasoning as something wonderful, rather than dirty, as something good in itself, 
because it could cooperate with God’s designs for human rescue and therefore serve a unique 
positive role in human redemption. Hugh’s conclusion was based on the pragmatic truism that no 
one can pursue God once he or she is dead. Therefore, anything that forestalls death and decay 
must be good, because it gives people more time to pursue God. Hugh says simply: 

the intention of all human action is resolved in a common objective: either to restore 
in us the likeness of the divine image or to take thought for the necessity of this life 
which, the more easily it can suffer harm from those things which work to its 
disadvantage, the more does it require to be cherished and conserved.xl 

As far as Hugh can see, human beings have two jobs to occupy their attention: (1) restore our 
pre-fall likeness to Christ, and, since this takes time, to (2) win more time by ministering to the 
necessities of the body—in particular, feeding, fortifying the body against harms, and contriving 
mechanical remedies for harms already assailing us.xli  

This way of putting things might tempt us to think that mechanical reasoning serves a 
menial, or perhaps preparatory role for doing the real important work of restoring the divine 
likeness (which for Hugh involves the dual activity of contemplation on truth and the practice of 
virtue by which we “resemble” Godxlii). But that can’t be true, because engineering design is 
simultaneously practical reasoning and mechanical reasoning.xliii As we now understand but in 
the 13th Century Hugh couldn’t quite comprehend, the two forms of reasoning simply cannot be 
pulled apart. An non-living, material artifact can embody social-moral goodness.xliv This can be 
shown by an example from Greek-speaking Christianity that was unknown to Hugh. 

 

4   BASIL’S FAMINE RELIEF AND CITIES OF REFUGE—4TH-CENTURY ENGINEERING PROJECTS 

Concrete examples help us learn how to apply concepts. In the late 4th Century, a number 
of charitable soup-kitchen-hospital complexes were built around Asia Minor, in the region of 
Cappadocia, about 450 miles N-NW of Jerusalem (the middle of present day Turkey). As 
engineering projects, these complexes will help us understand Hugh’s mysterious claim that 
Christ is the “end” (or aim or telos) of mechanical reasoning. They show engineering to be both 
practical reasoning and mechanical reasoning. 

In its heyday, the Roman Empire was very large. But is was not the first “world” empire. 
Two centuries earlier, the “known” world had been conquered by a Greek named Alexander the 
Great. But the time of the Roman Caesars came into power, all the world was fluent in the Greek 
language. (Even as late as the first century, “street Greek” was spoken in the Palestinian markets 
through which Jesus walked.) The western side of the Empire slowly lost its fluency in Greek. (It 
wasn’t until the 13th Century that Greek was re-introduced to Western scholarship. This was a 
very big deal; it helped trigger the Renaissance and the rise of humanism.) In the regions closest 
to Rome, Latin became the common tongue. But as one heads eastward, the line extending from 
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Turkey through Syria to Egypt marks the division of the empire along language lines. Important 
thinkers like Aristotle (incidentally, Alexander’s teacher) were virtually lost to the West for 
hundreds of years. So, it is not surprising that the Latin-speaking Hugh would have been 
unaware of the following example, since all the records of it were from Greek sources. 
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4.1   FAMINE IN CAPPADOCIA 

In the year 369, the region surrounding the town of Caesarea—100 miles from anywhere—
was devastated by famine. An extremely dry winter was followed by a spring without rain.xlv The 
local pastor of the church in Caesarea , a man named Basil (one of the three famous 
“Cappadocian Fathers,”  whose fingerprints are all over the Nicene-Constantinopolitan Creed 
and the doctrine of the Trinity), said that that sky—“shut up, naked and cloudless”—had left the 
fields 

little more than withered clods, unpleasant, sterile, and unfruitful, cracked and 
pierced to the depths by the hot sun. The rich and flowing streams have fled away and 
the torrential paths of the great rivers are exhausted. Little children walk in them, and 
women cross them, laden with bundles. Many of our wells have dried up and we lack 
the basic necessities of life….xlvi 

The hot spring and summer was followed by another tough winter that made travel to or from the 
land-locked town physically impossible. Those who could afford to do so had begun hoarding 
grain, while the commoners became “walking cadavers” as they slowly starved. Basil laments: 

[F]amine is a slow evil, always approaching, always holding off like a beast in its 
den. The heat of the body cools. The form shrivels. Little by little strength 
diminishes. Flesh stretches across the bones like a spider web. The skin loses its 
bloom, as the rosy appearance fades [321C] and blood melts away. Nor is the skin 
white, but rather it withers into black while the livid body, suffering pitifully, 
manifests a dark and pale mottling. The knees no longer support the body but drag 
themselves by force, the voice is powerless, the eyes are sunken as if in a casket, like 
dried‐up nuts in their shells; the empty belly collapses, conforming itself to the shape 
of the backbone without any natural elasticity of the bowels.xlvii 

Today people are hardened to the horrors of death by starvation because the images are 
shown so frequently on television. But imagine being a pastor whose job it is to care for these 
walking cadavers and their children with swollen bellies. There is evidence that the poor were 
desperate enough to sell their children as slaves to the rich. For their part, the rich had the gall to 
haggle over the purchase price even though their own act of hoarding grain was making the 
scarcity problem worse.xlviii It was under these conditions that Basil, the local pastor, went to 
work.  

3.1.2    BASIL’S CITIES 

The son of a nobleman and therefore independently wealthy, Basil  sold his own 
inheritance, bought grain from the hoarders and set up a famine relief center on what used to be 
the family’s summer estate. He organized soup kitchens, built dormitories, constructed a 
hospital—one of the first, if not the very first, mercy hospitals on record—and hired bona fide 
physicians and nurses to attend the sick. This “Patron House for the Poor” (ptochotropheion, 
from ptchoi (poor) and trepho (to feed or to be a patron to)), became a model for all the 
monasteries Basil would found: a group of monks would locate outside the walls of a large city 
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and provide food, shelter and medical treatment for the urban poor. Not only did Basil oversee 
the logistics of food acquisition and distribution, he himself could often be found ministering 
directly to those in need. (Basil himself studied medicine before becoming a pastor.xlix) Basil’s 
ptochotropheion was large enough to create a small economy of its own, enabling the poor first 
to be trained and then actually to serve in various trades.l The sheer scale of these complexes 
earned them the nickname Basil’s Cities. 

Basil’s activities during this period encompassed all three kinds of reasoning detailed in 
Hugh’s taxonomy. As a theologian, Basil did theoretical reasoning. As an pastor/ethicist Basil 
engaged in practical reasoning—especially in his homilies, letters, conversations and other 
strategies to persuade the rich to donate foodstuffs. But also at every turn, Basil was engaged in 
design. Placement of buildings, layout of each building (whether dormitory or hospital or 
kitchen), logistics of food acquisition and distribution, procurement of doctors and medicines, 
day to day care for the sick, and jobs training program were all instances of design. And we 
understand that design is a form of practical reasoning. But more particularly, they were also 
instances of mechanical reasoning. To borrow from Hugh, layout and arrangement and 
construction of buildings belongs to “Armament.”li Food preparation and distribution falls under 
“Hunting.” Medicine was its own class of mechanical reasoning. And logistics involving flow of 
goods and coordinated efforts of many people, was classified by Hugh as “theatrics.” These odd 
terms make it pretty obvious that Hugh himself was an outsider to mechanical reasoning! 
Perhaps if Hugh himself had actually done some mechanical reasoning as Basil did, he would 
have come up with more fitting names than “Hunting” and “Theatrics!” While Hugh thought 
about mechanical reasoning, Basil actually engaged in design. 

In addition to engaging in important activities that exemplify Hugh’s categories, Basil’s 
Cities have Christ as their aim. What does this mean? Old maps like Ebstorf mappa mundi (Fig. 
10.2) show the belief in dynamical similarity between Christ and geography. Basil’s Cities help 
us see how.  

When Jesus announced to the skeptics “The kingdom of God is in your midst,”lii Jesus was 
referring to himself as the first-order instantiation of the new kind of human friendship that he 
was inaugurating. At that moment, Jesus was the kingdom; later there were a dozen, then 500, 
then 3,000, and so on.liii This new “kingdom” would be marked by a distinct manner of relating 
which we will examine below. It is not an accident that Basil’s ptochotropheion were nicknamed 
basileia (Basil’s Cities) because the NT word of kingdom of God was basileia theou. Basil’s 
cities were christomorphic, shaped like Christ’s kingdom. 

Ancient Jewish Law required lepers to live “outside the city.”liv That’s why Jesus met and 
healed the ten lepers outside the city wall.lv Because Jesus befriended the sick and unclean 
“outside the city,” that is where the author of Hebrews tells us we should go.lvi “Outside the city” 
is where Christ can always be found. Christ went outside the city to suffer and die for the people. 
And that is the logic behind Basil’s intention to build his monasteries outside the walled enclaves 
of the rich city-dwellers. Christ welcomed society’s “least”; so too, Basil’s complexes welcomed 
the lowest castes of the poor, destitute, crippled, sick and starving. As Christ said, whatever is 
done for the poor person is actually done for Christ himself.lvii And just as Christ rose from the 
dead on the third day that we might have life, so the formerly hopeless walking cadavers found 
hope of a brand new life through the sacrifices of another. Like Christ, Basil’s complexes made 
all the difference for the poorest of the poor. As supposedly necessary casualties of the market 
economy, the poor deserve, at best, our pity. Rather than being objects of pity, in Basil’s world, 
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the poor were blessed. As Luke records Christ’s Sermon on the Mount, “Blessed are you poor 
(ptochoi), for yours is the kingdom (basiliea) of God.”lviii 

 
To summarize: requirement #1 is fulfilled. Hugh has shown, and Basil illustrated, 

engineering qualifies as “vocation,” because it plays a crucial role in the human quest that aims 
at the Wisdom personified in Christ. The second requirement for engineering to qualify as 
“vocation,” is that it not only have a good end, it must be practiced in a good manner. 

 

METRIC #2 CAN ENGINEERING BE PRACTICED IN A (CHRISTIANLY) GOOD MANNER? 

CLAIM #1 GRACE IS THE MANNER OF ENGINEERING AS A CHRISTIAN VOCATION. 

Engineering is a practice.lix Whether or not non-engineers honor engineering as a practice 
will never change the fact that it is an evolving practice that runs on time-tested heuristics and is 
teeming with its own built-in rewards.lx This is a great gift. As the engineer-turned-philosopher 
Ludwig Wittgenstein would advise us, “remember how great the grace of work is.”lxi But what is 
“grace”? 

One of the ways we use the word “grace” today is in describing the elegant beauty of a 
dancer of gymnast. We readily understand “graceful” to be a measure of the athlete’s skill. And 
there is certainly was a skillfulness in Bail’s execution of these large-scale engineering projects. 
All the dimensions of designing, constructing, staffing, and supplying these complexes were 
accomplished with so much skill that even non-mechanical types were impressed: Basil was 
promoted to ecclesiastical overseer, a.k.a. bishop. In addition to the sheer skillfulness of his 
work, I want to focus on three other ways Basil’s engineering displayed grace. These will not 
exhaust all that can be said of grace, but it will give our imaginations a framework for getting a 
grip in engineering as vocation. 

1.   GRACE AS RECEPTIVITY 

Hugh of St. Victor contrasts worldly reasoning with graced reasoning.lxii By “worldly” 
Hugh means something that begins with the less complex and tries to comprehend the more 
complex. In Hugh’s mind this plan is flawed; it would be a little like inhabitants of a two-
dimensional world trying to fathom what three-dimensionality is like. No matter how hard the 
Flatlander tries, the 2D mind simply cannot translate 3D into terms that 2D can understand. What 
is the 2D thinker supposed to imagine, that a hemisphere is the infinite piling up of ever smaller 
circles on top of one another? The key phrase, “on top of,” has no meaning in Flatland. Yet 
comprehension moving in the other direction is not so thwarted; a 3D thinker like you or I can 
imagine what description might be like in Flatland. lxiii 

Worldly thinking is like tugging on one’s bootstraps in order to jump higher. Because it 
starts with the empirical world, it is stuck with the empirical world, stuck in Flatland as it were. 
But graced thinking, as Hugh sees it, is not self-generated bootstrap pulling. Rather, grace comes 
from outside the self, from above, from a third dimension as it were. If moral entropy is the 
current that constantly pulls us downstream, grace is the wind that enables us to sail upstream. 
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This illustration is quite abstract. The point to pick up is that mechanical reasoning, when it 
is graced, it involves a receptivity to, and cooperation with, an additional dimension, namely 
God. This additional dimension doesn’t change how design works or artifacts function. (We are 
not speaking about interventionist miracles.) But it may change the manner in which one sees, 
and thus tip the balance in favor of some satisfactory designs over other satisfactory proposals. 
Remember Mary, trembling before the angel who brought the terrifying news that would change 
her life forever, replied simply “May it be done to me as you have said.” Thinking in 2D, Mary 
would have immediately understood that as an unmarried pregnant teenage Jewish girl she would 
be ostracized forever. She was certain to lose Joseph, who was not the child’s father. Life as she 
knew it was over. Nevertheless, Mary was not stuck in “2D’ thinking. Her replies indicates 
receptivity to the divine dimension. “May it be done to me as you have said.”  Similarly, St. Paul 
urges us to “keep in step with the Spirit.”lxiv A graced reasoning process begins by trying to 
detect where God is involved in order to cooperate. If God is on the side of the poor—as Basil 
thought and  Scripture claims (e.g., Ps. 146:7-8; Prov. 22:22-23)—then mechanical reasoning 
that is graced seeks to fit with God’s program by designing products for the other 90% of the 
world rather than products that only benefit the richest 10% of the world.lxv 

 

2.   GRACE AS GIFT 

In our society, gift-giving is often a matter of keeping score. If you give me a gift on my 
birthday, I feel a sense of obligation to reciprocate in kind and give you a gift (with a similar 
price-tag) on your birthday. This transaction settles the score and we both can relax; debts have 
been discharged. But true gift giving is not a kind of score-keeping.  

In 2010-2011, Liberty Mutual Life Insurance broadcast a touching commercial that 
followed a string of random acts of kindness.lxvi The lady observing a kind deed is motivated 
herself to do a kind deed. But wait, someone else is watching her do the kind deed and is himself 
motivated to do another kind deed. The chain continues until the last person to benefit from the 
string of kindnesses is the very person who initiated the sequence. This commercial is a little like 
the “gift economies” made famous by Mauss and Hyde.lxvii  But gift economies have two 
important improvements over Liberty Mutual: (1) the string of giving never ends; and (2) the 
chain is not a single strand, but a network of strands. As Mauss and Hyde describe, entire 
societies are known to have thrived on a “pay it forward” logic rather than the simple one-to-one 
reciprocity that typifies Western consumer culture.lxviii 

Such were Basil’s Cities. One astute observer likened Basil to Joseph—the guy with the 
multicolored robe and was sold by his brothers into slavery in Egypt—who miraculously rose to 
a position of leadership in Egyptian agriculture and thus to save an entire country (not to mention 
his own brothers!) from starvation. But unlike Joseph, who grew wealthy and powerful from his 
oversight of the Egyptian grain industry, Basil did it all for free. As one 4th-century onlooker 
summarizes: 

There was a famine, the most severe one ever recorded. The city was in distress and 
there was no source of assistance. . . . The hardest part of all such distress is the 
insensibility and insatiability of those who possess supplies. . . . Such are the buyers 
and sellers of corn. . . . But . . . by his word and advice [Basil] opened the stores of 
those who possessed them, and so, according to the Scripture, dealt food to the 
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hungry and satisfied the poor with bread. . . . And in what way? . . . He gathered 
together the victims of the famine with some who were but slightly recovering from 
it, men and women, infants, old men, . . . and obtaining contributions of all sorts of 
food which can relieve famine, set before them basins of soup and such meat as was 
found preserved among us, on which the poor live. Then, imitating the ministry of 
Christ . . . he attended to the bodies and souls of those who needed it, combining 
personal respect with the supply of their necessity, and so giving them a double relief. 
Such was our young furnisher of corn, and second Joseph . . . [But unlike Joseph, 
Basil's] services were gratuitous and his succour of the famine gained no profit, 
having only one object, to win kindly feelings by kindly treatment, and to gain by his 
rations of corn the heavenly blessings.lxix 

Engineering projects undertaken in the spirit of grace necessarily have a not-for-profit 
motivation. Perhaps an individual (like Fred Cunylxx) or a firm (like Bridges to Prosperitylxxi) 
offers services for free to the needy. Or perhaps firms might adopt “open source” approach to 
patents (like Eco-Patent Commonslxxii) or work exclusively on devices for the those who need 
them most but can afford them the least. 

 

3.   GRACE AS RECONCILIATORY 

A third feature of grace as the manner in which mechanical reasoning ought to be 
performed is the reconciliatory nature of grace. Grace entails forgiveness. Forgiveness that 
comes with a price tag is not really forgiveness. If forgiveness comes with a catch, “I’ll forgive 
you, if you do X for me,” it creates a kind of bondage or servitude. So, forgiveness to be 
authentic must be freely offered.lxxiii When forgiveness is offered for free, with no strings 
attached, it may generate friends. 

Often times friendships begin spontaneously. And we tend to think that our very best 
friends virtually never stand in need of forgiveness. (If they do such things as require 
forgiveness, they’d probably never become our friends in the first place.) But grace is so 
powerful that occasionally it turns enemies into friends. Stories like the Amish community 
actually forgiving the murderer of five schoolchildren in Nickel Mines, PA leave us 
breathless.lxxiv Stories like that of Mary Johnson’s forgiveness and virtual adoption  of Oshea 
Israel—her son’s murderer who by Mary’s invitation lives next door to Mary!—leaves us 
wondering whether we could be this brave.lxxv It makes sense to label these incidents as moments 
of “grace.” But it also makes sense to label artifacts that bring healing as themselves moments of 
grace. When a seventeen year-old French shepherd boy named Bénezet undertook to build the 
only bridge he ever attempted—four of original 22 arches of this beautiful bridge survived both 
world wars—his undertaking earned him a new name: St. Bénezet the Bridge Builder (he died 
before the bridge was finally completed). The site he proposed was the mouth of the Rhone river, 
which for some years divided two nations at war. The bridge embodied grace in two ways. On 
the one hand, it was a work of mercy that enabled poor of Toulouse to ply wares in the rich city 
of Avignon in the kingdom of Arles. On the other hand, the bridge removed a natural political 
and military barrier. Both sides wanted the advantages that a bridge would bring (economic and 
otherwise). But these advantaged came with a price: the nations on opposing banks would need 
to learn to get along. In this way, Bénezet’s bridge was a catalyst for reconciliation. It was this 
reconciling function of technology that Hugh had in mind when he saw that mechanical 
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reasoning “reconciles nations, calms wars, strengthens peace, and commutes the private good of 
individuals into the common benefit of all.”lxxvi 

CONCLUSION 

I’ve argued that in order for us to be justified in claiming engineering is a legitimate 
candidate for Christian vocation, we must be able to articulate how engineering meets the two 
requirements of practical reasoning: that engineering as an enterprise has, or may have, good 
ends and good means. To this end, I have drawn heavily on the theology of Hugh of St. Victor. 
Hugh is perhaps the very first to say that mechanical reasoning plays a crucial role in God’s 
redemptive plan. So crucial is mechanical reasoning, in fact, that the community that lacks 
mechanical reasoners will have an incomplete grasp on the Good! In other words, engineers are 
not simply the slaves who do the bidding of other, smarter people who comprehend what needs 
to be done.lxxvii Rather, there is a mechanical component of the Good that will only be rightly 
understood by those skilled at mechanical reasoning. Thus has Hugh opened the door to see 
mechanical reasoning as actually participating in and contributing to Christian discipleship 
(a.k.a. our painstakingly slow progress of  resembling the divine). To be most specific, what 
Hugh has said explicitly, and Basil and Bénezet have materially exemplified is that engineering 
meets both requirements for being considered a Christian vocation: The end of Christian 
engineering is Christ; the manner of Christian engineering is grace. 
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Abstract  
The stated mission of many Christian undergraduate engineering schools involves producing engineering 
graduates who have a distinct orientation towards serving others with their technological knowledge. This 
other-orientedness is a distinguishing element of the consensus definition of calling in published literature 
to date. In the present work, persons 5 to 30 years post-graduation from engineering colleges were studied 
to examine the role that calling as defined by other-orientedness plays in various career decisions they had 
made.   

A brief on-line survey was administered to over 600 respondents who had earned an engineering degree, 
in order to collect information on demographics, attitudes toward engineering and work, religious faith 
commitment, and willingness to participate in a follow-up interview. Approximately 70 people agreed to 
participate in a 60-to-90 minute, semi-structured interview. This sub-set was used to select participants for 
this study. Participants were purposefully selected based on creating a wide distribution of graduation 
years, gender, and alma mater (14 Christian college alumni and 9 alumni of a public, secular institution).  
Twenty three interviews were conducted. Interview questions were designed to elicit the role of faith in 
career-related decision-making, as well as to reveal the presence of a sense of calling, either to 
engineering or to other life roles. Interviews were analyzed using a constant comparative method of 
analysis to identify common themes. 

Results indicate that graduates of Christian colleges did not differ noticeably from persons graduating 
from secular institutions in their initial reasons for choosing engineering. They also did not differ 
noticeably in their expression of a sense of calling (expressed as other-orientedness). Only about half of 
Christian college engineering alumni expressed an orientation towards service to others as a part of their 
engineering work. In order to better align with Christian college mission statements, faculty and 
engineering departments at such institutions are encouraged to seek ways to assist engineering students to 
be better prepared for recognizing and seeking out the other-oriented, service aspects of a professional 
career in engineering. 

Introduction 
Engineering education within the context of a Christian college is a unique undertaking. It must of course 
involve a sound technical education, providing graduates with the knowledge and skills to competently 
perform as a practicing engineer. It must also involve some element of shaping the student to greater 
maturity in their identity as Christ-bearers. Because a Christian bears Christ to the world at all times, their 
daily work should reflect this. Part of the challenge of the undertaking of Christian engineering education 
is to discern and convey to students how this image of Christ can be conveyed within the context of an 
engineering career. 

A sampling of mission statements from Christian engineering departments illustrates these common 
themes that are a part of the project.  

• We respond to our Creator’s call to be agents of renewal by learning to design responsible 
technologies that serve the needs of the world.1 



• We strive to provide an excellent educational environment that will nurture our students to honor 
the Lord in all things and help them to grow in spiritual maturity, wisdom, knowledge, and 
expertise for purposeful lives of service.2  

• Preparing engineers within a supportive Christian community to develop appropriate and 
sustainable engineering solutions by skillfully serving, effectively leading and thoughtfully 
engaging the world with their lives.3  

• To prepare technically competent and broadly educated engineers for a life of responsible service 
emerging from a Christian worldview.4 

Engineering departments at Christian colleges believe that their role in a student’s life involves not only 
preparing students with technical competence, but also inspiring in them a worldview that embraces 
service and meaningful work because of their Christian commitment. This approach also fits under the 
umbrella of the larger Christian college, which will purport a mission statement with compatible goals. 
For example, the mission of one Christian college is to prepare students “for a life of Christian service in 
any vocation” and the college mission statement indicates that “We encourage them to see the actual faces 
of human suffering and need.”5 

Certainly, a concept of service itself is not unique to Christian colleges; in fact, at most public 
universities, engineering is defined within the context of all majors, as a service profession. For example, 
the College of Engineering mission statement at one public, secular university incorporates the idea of 
service: “We are a diverse community of innovators working to dramatically improve the quality of life in 
our state, our nation, and the world. We do it by leading in engineering discovery, innovation, education, 
and engagement.”6 However, this statement of service is not under the umbrella of a similar other-
oriented focus for the overall mission of the institution. Rather, this same public university’s general 
mission statement lacks a strong general service theme: “The primary mission of the [University] is the 
preservation, advancement, and dissemination of knowledge,” although it does later acknowledge that 
certain professional colleges (including engineering) have a “long tradition of educating students for 
service to the region and the nation.”7 Further, such a service-orientation is not the rule, as evidenced by 
the mission statements from the mechanical and electrical engineering departments of another leading 
public engineering school:  

• To prepare the graduates for diverse careers in both mechanical engineering and related 
fields. To have students graduate with outstanding problem solving skills and a superb 
knowledge of mechanical engineering that allow them to continue their education throughout 
their careers and to become leaders in their fields.8 

• To provide an outstanding education for engineers in electrical engineering and to develop 
future leaders. To provide students with the education for a rewarding and successful career.9  

Since Christian engineering programs have set such a goal for themselves, it is valid to ask how they are 
doing. Do graduates of these programs display the lives of Christian service to which the schools aspire 
for them? In order to pursue this question, we turned to the idea of calling. 

Calling, in relation to one’s pursuits in life, is a construct that has been defined in a variety of ways. To 
further complicate matters, the construct of vocation, which is sometimes used as a more distinctly 
secular term, is also often used interchangeably with calling. Thus, in any research attempting to measure 
calling, a clear operationalization of this term is essential. 

Historically, calling has had a religious component. A calling comes from God’s initiation – God gives a 
person certain abilities, and then calls that person to put these gifts to use in their work, in ways that serve 
the needs of the world or the church.10,11 Buechner restated these concepts as, “The place God calls you to 
is the place where your deep gladness and the world’s deep hunger meet.”12  

More recently, as researchers have attempted to study and measure this proposed construct of calling, 
they have looked to see how individuals experience, understand, and define this term for themselves. 



Oates et al.13 used qualitative methods to uncover how Christian mothers working in academia self-
defined calling. The attributes included (1) conviction (a person knows with some certitude what it is that 
God calls them to do, work-wise, or at least believes in the obligation to seek out God’s will through 
prayer or similar means); (2) meaningful pursuit (a person has a sense that their work is valuable or 
purposeful; (3) comprehensiveness (the calling can cover more than the narrow role of paid employment); 
and (4) collectiveness (discerning and living a calling is worked out in community). Later, Hunter et al.14 
expanded the self-definition to include non-religious subjects also. Using qualitative methods with 300 
college students from both public and Christian institutions, they found that the commonly perceived 
aspects of calling were (1) guiding forces (God or destiny), (2) unique fit and well-being (activity matches 
one’s skill set and interests), (3) is altruistic, and (4) can include multiple life roles. Bunderson and 
Thompson15 used a grounded theory interview study of zookeepers to construct the key elements of self-
defined calling in a job: (1) feeling of destiny, (2) fits particular gifts, talents or opportunities, (3) provides 
a sense of meaning and importance, (4) motivated by moral duty and a sense of personal sacrifice. 

Hunter et al.14 and Bunderson and Thompson15 capture the reality in the research literature in the fields of 
counseling psychology and career development, which have adopted calling for a more secularized 
application, in which one’s work should fit with one’s skills or abilities and be meaningful or 
purposeful.16,17 Wrieszniewski18,19 also uses calling secularly, as one of three possible orientations to 
work: job, career, or calling. In this case, calling is defined as work done not for financial gain or career 
advancement but for the personal fulfillment it brings, and the work is usually (though not necessarily) 
seen as “socially valuable.”  

A literature review by Dik and Duffy proposed a consensus definition for research purposes: 

“A calling is a transcendent summons, experienced as originating beyond the self, to approach a 
particular life role in a manner oriented toward demonstrating or deriving a sense of purpose or 
meaningfulness and that holds other-oriented values and goals as primary sources of motivation.” 
20    

This definition consists of three key components: (1) the calling begins with an external source (which 
might be God or might be a secular interpretation such as the needs of the world), (2) the activity has 
intrinsic meaningfulness, and (3) the activity displays substantial other-oriented values.  

For this study, we looked for the convergence definition of calling. Seeing the summons as originating 
from God (or a Higher Power) would be a confounding factor in comparisons between Christian and non-
religious respondents. Therefore, we chose not to assess the motivational source for expressions of 
calling. Instead, when the term “calling” is used in this paper, it refers to any expression of other-
orientedness in one’s work or life activities, as opposed to purely self-benefit or self-focus. We further 
justify this use of “other-orientedness” to operationalize calling for this study because it is what Christian 
engineering institutions state that they desire to instill.  In fact, this also corresponds well to the overall 
goals of the Christian colleges that house these engineering departments. For example, one of these 
Christian colleges has defined calling: “God calls us not to abandon our worldly occupations, but to serve 
our neighbors through them. This is the Christian’s calling.”21  

This paper explores the sense of calling that engineering graduates express in relation to their chosen 
career. It also looks for a relation between the institution where an engineering degree was earned 
(Christian versus secular) and the degree of self-reflection shown by graduates on the importance of faith 
in making such career decisions. 

Methods 
Research Questions 
This study was guided by the following research questions: 



1. In what ways (if any) do graduates from Christian versus secular undergraduate institutions differ 
in the extent to which they reference calling (expressed as other-orientedness) when reflecting on 
their reasons for pursuing engineering as a career?  

2. In what ways (if any) do graduates from Christian versus secular undergraduate institutions differ 
in the extent to which they reference calling (expressed as other-orientedness) when reflecting on 
their work life as a practicing engineer?   

Design of Study  
Given the obvious depth of thought and intricacies associated with career choice and work life dynamics 
as they relate to a sense of calling, this study was conducted utilizing a qualitative approach. Each 
participant in this study had a personal story to tell in terms of how he or she came to the decision to 
pursue engineering as an undergraduate student, his or her decision-making as a practicing engineer, and 
the extent to which a sense of calling intersected with these decisions. A qualitative approach was deemed 
the best way in which to uncover participants’ personal views of how calling intersected with career 
decisions and also accurately represent the views of the participants against this study’s research 
questions.22 

Description of Participants 
To recruit possible participants for interviews, alumni from the three institutions were invited via email to 
complete a 10-minute online survey which collected demographic information and assessed faith, career, 
and engineering identities. From among the over 600 respondents, a subset of those who indicated 
willingness were contacted for the follow-up interview. Participants for interviews were purposefully 
selected based on a variety of criteria.23 Participants were sampled from the alumni of two different 
private, distinctively Christian (Midwestern and Western) undergraduate institutions (n = 14) and two 
large, public, Western institutions (n=9). Participants were balanced for males and females. Participants 
ranged from five to thirty years removed from their time of graduation from college, so as to cut across a 
range of decades of maturation resulting from different life experiences, as well as different institutional 
and work experiences. To represent as many branches of engineering as possible, participants were 
sampled from various disciplines of engineering. Because we wanted also to examine the extent to which 
persons reflected on calling whether or not they ultimately persisted in the field of engineering as a 
practicing engineer, we sampled persons who chose to remain in engineering careers as well as those who 
opted out sometime after graduating with an engineering degree. Information regarding all participants is 
summarized in Table 1. When quotations are given from individual participants, they are identified with 
an identification tag “AlumniGender##” in which the “Alumni” is either “C” for Christian college or “S” 
for secular college; the “Gender” is “M” for male or “F” for female; and the ## is a unique participant 
number. 

Data Collection 
The purpose of this study was to examine the extent to which calling (as expressed as other-orientedness) 
played a role in participants’ decisions related to choosing a career in engineering and practicing (or not) 
as an engineer. Surveys alone were judged to insufficiently capture the depth and richness of each 
participant’s reflections. Interviewing, however, was deemed a more useful form of data collection for 
this purpose. Hence, the primary data source in this study was a collection of semi-structured interviews.  

Each interview was intentionally semi-structured in its design. Various interviewers were utilized across 
multiple sites of data collection so a semblance of structure per interview was necessary. When 
interviewers sensed they needed to know more or wanted to delve further to better understand what a 
participant was trying to convey, follow-up questioning was utilized. The types of questions utilized per 
interview were designed carefully so as to both elicit participants’ views while not cuing them to the 
essence of what we wished to study. The purpose was to hear what each participant offered with regard to 
calling (as defined above), while not telling them specifically to speak to this point (and prompt them to 
say more of what they thought the interviewer wanted to hear rather than their honest perspectives or 
reflections). The questions used per interview are listed in Table 2. Examples of optional follow-up 



questions are also included in Table 2; these were used in order to better ascertain what a participant was 
trying to communicate, or to explain a main prompt to a participant who needed a different explanation. 

Table 1: Summary description of interview participants 

Group Institutions Sex Graduatio
n Years 

Engineering 
Disciplines  

Persistence 

Alumni – 
Christian 
Institutions 

Two Christian, 
undergraduate 
institutions: 
• Midwest (n=4) 
• Western (n=10)  

6 Females 
8 Males 

1990 
1993 (n=2) 

2000 
2002 (n=4) 
2003 (n=2) 
2004 (n=3) 

2005 

Electrical (n = 12) 
Civil (n = 1) 
Mechanical (n =1) 
 

9 Persisters 
5 Non-
Persisters 

Alumni – 
Secular 
Institutions 

Two large, 
public, western 
institutions (n=8 
and n=1) 

 

8 Females 
1 Male 

1979 
1980 
1983 
1990 
1993  
1994 
1999 
2001 
2005 

Mechanical (n=4) 
Electrical (n=2) 
Civil (n=1) 
Chemical (n=1) 
Pulp & Paper (n=1) 

6 Persisters 
3 Non-
Persisters 

Totals n = 23 14 Females 
9 males 

1979 - 
2005 

Mechanical (n=5) 
Electrical (14) 
Civil  (n=2) 
Chemical (n=1) 
Pulp & Paper (n=1) 

15 persisters 
8 non-
persisters 

 

The length of each interview was selected carefully based on three tensions--development of participant 
trust, collecting sufficient information per participant for comparison, and participant fatigue. Participant 
fatigue prevented use of a lengthy interview (120+ minutes); however, an interview less than sixty 
minutes seemed too little time to both develop trust between the interviewer and a participant and capture 
the essence of a participant’s perspective. Each interview lasted 60-90 minutes and was audio taped upon 
permission granted from each participant. 

Site selection for interviews was negotiated (when economically possible) between an interviewer and 
participant so as to ensure that participants were secure in their surroundings and not unduly pressured or 
cued to respond in certain ways. Participants selected their preferred location from options including their 
own home or place of work, public coffee shops or libraries, or the interviewer’s on-campus office. Due 
to distance, some interviews were conducted over the phone.  

All audiotapes of each interview were transcribed verbatim to assist in the process of data analysis. 
During the process of transcribing, careful attention was paid to pausing, rephrasing questions, and other 
verbal cues to assist in better understand the flow of dialogue between the interviewer and each 
participant. 



 

Table 2: Semi-structured interview questions. Some examples of optional follow-up prompts are included 
(indented). 

1. Would you tell me about why you decided to pursue engineering? 

2. Walk me through your engineering education experience. 
a. What aspects of your educational experiences have prompted you to pursue and 

continue in engineering? 
b. What aspects of your educational experiences have been influences to step away 

from engineering? 

3. Tell me about your engineering workplace experiences (if any). 
a. When you got into the workplace, did you find that the reasons that drew you into 

engineering school were consistent with the jobs you had? 
b. What aspects of your work experiences have prompted you to pursue and continue in 

engineering? 
c. What aspects of your work experiences have been influences to step away from 

engineering? 

4. Tell me about critical moments for you related to engineering. 
a. Do you feel like any aspects of your personal life have prompted you to pursue and 

continue in engineering? 
b. Do you feel like any aspects of your personal life have been influences to step away 

from engineering? 

5. In what ways, if any, has your faith or worldview impacted your choices regarding 
engineering?   

6. Describe your ideal job.   

7. If you had all the time and money in the world, what would you be doing? 

8. Is there anything else?? 

 

Data Analysis 
This paper’s purpose is to illuminate whether Christian school graduates go on to embody the working-
life values that their alma maters attempted to instill. Thus, six engineering faculty from two Christian 
colleges were surveyed to create an “expert opinion” answer to the questions of calling and career values. 
Faculty were asked, via a brief e-mail survey, some of the same interview questions as the participants, 
but directed toward how they hoped their alumni would respond.   

Faculty members were asked to provide phrases or ideas that they hoped graduates of their engineering 
program (three or more years out of school) might give when answering questions. In response to “In 
what ways, if any, has your faith impacted your choices regarding engineering?” all six mentioned 
wanting to hear about some aspect of the graduate’s faith shaping his or her professional engineering 
decision-making, either in the way that particular jobs or projects were chosen, or in the way that these 
jobs were performed. The strong implication of these answers is that one should choose work that is 
pleasing to God, and thus by definition, incorporates some other-orientedness. Three of the six faculty 
members also explicitly mentioned (and another two implicitly included) that faith should affect work 
relationships – the way graduates choose to interact with coworkers – and this is certainly other-oriented. 
Therefore, the responses of faculty at Christian engineering schools were concluded to support the 
definition of calling as it has been used for this study.  



Data analysis was conducted to explore the depth and richness of each participant’s articulation of calling 
as they described it in relation to their decisions to pursue engineering as an undergraduate and conduct 
themselves as a practicing engineer. Data were analyzed through a constant comparative method of 
analysis.24 Analysis involved developing a coding scheme, coding data from all participants, and 
developing visual displays of data derived from the coding process so as to better ascertain any patterns of 
similarities and differences across the two groups of participants. Each of these aspects is described in 
depth below. 

Open coding occurred throughout the development of the coding scheme to establish major categories of 
analysis (e.g., “calling” or “no presentation of calling”) and axial coding was then conducted to better link 
subcategories to each of the major categories and better understand the nuances of each major category. 
Two researchers conferred regularly so as to ascertain discriminating features of each category and sub-
category. Eventually, descriptions and exemplars were recorded per category and sub-category to improve 
reliability as subsequent coding of interviews occurred. After developing and iteratively revising a coding 
scheme, all interviews were coded in random order. Feedback from the coding process was used to refine 
the code descriptions/exemplars. A software program called ATLAS.ti, Version 6.2.19, designed 
specifically for the purpose of qualitatively analyzing large bodies of textual data, was used to assist in 
organizing the coding process.  

After completing the coding process, visual displays of data derived from the coding process were 
developed. Column graphs illustrating the percentage of Christian college alumni displaying each 
outcome of interest were created. Comparison to the secular college alumni population was included.  

Study Limitations 
Limitations of this study focus mainly on the number of participants and the relationship between the 
interviewers and participants. All together, twenty-three interviews were conducted— thirteen for 
Christian and ten for secular institutions. The findings from this study, while deemed by researchers as 
provocative and useful in and of themselves, need to be considered carefully in view of the smaller 
number of participants. Additionally, participants admittedly were being asked to reveal what might be 
called intimate reflections regarding their faith and application of their faith in their life and work 
decisions. As such, careful attention was paid by researchers to participant comfort so as to pay respect to 
the potential reservedness of participants related to the intended topic of conversation. Relatedly, some 
interviewers were interviewing their former students and it is reasonable to conceive that former students 
may be inclined to say what they think their former mentors want to hear (rather than their true 
perspective). In particular, graduates of the Christian colleges in this study are likely well-informed as to 
the religious mission of the alma mater. This limitation was countered in two ways. Some participants 
with whom interviewers had never worked on the undergraduate level (e.g., graduated before faculty 
member was hired at a participating institution, or graduated from a different institution than the 
interviewer) were selected. Readers of this work are also cautioned to bear in mind that participants in this 
study, as in any study, might have been inauthentic as they responded to questions in their interview, 
saying what they thought the interviewer wanted to hear rather than saying what they truly believed. 

Results 
Four major findings were generated and are described below: 

Finding 1: Alumni from Christian and secular schools chose, pre-college, to pursue engineering for 
similar reasons. 
Alumni of both Christian and secular institutions reported similar reasons for selecting engineering to 
study in college (Figure 1). The main reasons were an interest and ability in math or science (“Skills”), 
having engineering recommended to them by someone such as a relative or a teacher (“Recommended”), 
or because they thought engineering would provide good college scholarships and/or a good income 
(“Money”). 



  
Figure 1: Reasons for choosing engineering (pre-college), shown by the percent of participants mentioning 
that factor at least once during the interview. 

Finding 2: Alumni from Christian and secular schools report somewhat different reasons for 
persisting in engineering throughout their college experiences. 
Once in college, alumni of both types of institutions reported similar factors that made them inclined to 
continue pursuing an engineering major (Figure 2). A majority of participants, comparable between the 
two groups, cited the importance of a positive environment which might include good relationships with 
professors or other engineering students, an encouraging senior design project or internship, or similar 
factors (“Positive Experiences”). All other themes were less likely to be reported by secular institution 
alumni. Still, in both groups a significant number mentioned that they enjoyed the coursework and/or that 
they were good at it (“Skills”). There were several less common factors that tended to draw students to 
continue in engineering. Some indicated a sense that once they had gotten to a certain point in the 
program, it didn’t make sense to change majors (“Momentum”), while others seemed inclined to continue 
because either they, or people important to them, perceived it to be a prestigious course of study or future 
career (“Prestige”). Several participants said they wanted to continue in engineering because they liked 
being challenged (“Challenge”).  

 
Figure 2: Reasons to persist in engineering during college, shown by the percent of participants mentioning 
that factor at least once during the interview. 
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Finding 3: Alumni from Christian schools report a wider variety of reasons for persisting in 
engineering throughout their college experiences than do secular school alumni. 
Since Figure 2 implied some differences between the two groups of alumni as far as reasons for liking and 
persisting in the college engineering education, further analysis was done. As Figure 3 demonstrates, the 
average number of times a participant mentioned any reason during the interview, as well as the number 
of different distinct reasons mentioned by each participant at some point in the interview, were somewhat 
different between the Christian and secular college alumni groups. Alumni of secular colleges just talked 
about this issue less, and had a smaller variety of reasons. Why this difference might exist is not clear 
from the analysis of this study.   

 
Figure 3: Frequency and variety of reasons mentioned as positive aspects of the engineering educational 
experience that encouraged the participant to persist.  

Thus, the two populations studied for this analysis (alumni of Christian and secular institutions) were 
substantially similar through pre-college years in terms of the factors that caused them to be drawn to 
engineering studies. There may have been some differentiation beginning in the college years as far as the 
important reasons for persisting, though it is not clear from this data whether Christian college alumni 
experience a wider variety of reasons, or simply were more inclined to discuss this issue at length.  

Finding 4: Evidence of calling among Christian college alumni is lower than desired, but for those 
who display calling, it is largely envisioned as a part of regular engineering work. 
Expressions of calling were classified as either within engineering or in general. Calling within 
engineering was identified by statements involving how an aspect of one’s work within engineering 
(which was self-identified as a positive aspect) was of benefit to others in some way.  In some cases, this 
referred to the product of engineering work. This might reference an actual product from a past 
engineering job, for example:  

“So when you look at how kids learn and keeping kids motivated, in how to learn, that’s what 
was inspirational in one of my  jobs – that you can design something that would engage kids to 
learn in an engaging way.  So it was like I was doing something that was actually beneficial but 
still cool and inventive.  But I felt like I was doing something that helps people.” [SF14] 

In other cases, the participant spoke of wishing to help others through a volunteer or part-time activity, 
but one that specifically used engineering knowledge. Sometimes these were reflections on actual past 
activities, such as: 
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“…more than 10 years ago I started a non-profit organization called ________ and I do this as a 
volunteer and I’m the president.  So I still do projects in [third world country] and other places in 
the world, like small scale stuff, at the village level kind of stuff.” [SF18] 

In other cases, there were expressions of a desire for engineering-related volunteer or missions activity in 
the future, should circumstances make that feasible. 

“I guess, one of my favorite classes that I was really interested in...I took an alternative energies 
class, kind of the umm, kind of the backbone of the class or the focus of the class was using 
simple alternative energies for missions type work and I thought it was really cool. Things like 
how to purify water really cheaply and easily, you know in some sort of like mission-type 
scenario or something.  And you know I haven’t had the opportunity to do anything like that.   I 
think I really would and that’s part of why I was so interested in the class.” [CM15] 

In addition to the benefit from the engineering product, calling within engineering was identified by a 
participant’s sense that their interactions with people (colleagues, clients, etc.) in the workplace were of 
benefit to others.  

“I’ve noticed that people in the factory and maintenance workers have noticed a difference about 
me because I don’t treat them like they don’t know anything. Um. I trust their knowledge because 
they’ve been working on these machines for thirty years and they said it’s really nice that you 
don’t have an ego about your degree. Um… So a lot of engineers put them in a class lower than 
themselves.” [CF01] 

To be included in the “Calling in Engineering” category, the interactions with others had to in some way 
be a part of the person’s engineering work, rather than something that could be accomplished through 
workplace interactions in any career. However, this was generously interpreted for engineering, so that if 
the respondent saw that engineering put them in a particular position or role that allowed for the 
interaction, then it was included. For example,  

 “But the relationships and the importance of a person is going to trump that each and every time.  
So being able to provide that example in the workplace, because of the progression that I’ve had 
from the engineer, to the manager, to the director level, I’ve been able to show that.” [CM03] 

Calling was classified as “in general” if the participant expressed an orientation toward service to others 
in any life role other than engineering work. Like with the calling for engineering, statements made about 
desired or ideal activities were included, as were examples of concrete actions already taken. This other-
orientation was expressed in a variety of ways, such as wanting to help the world in general, or through 
doing general volunteer work (at a local church, through Habitat for Humanity, etc.). Representative 
quotations of these types of responses include: 

“I'd probably be doing more, like, volunteer work where I could actually see that what I did was 
making a difference for people's lives.  So, I don't know if it would be, like I mentioned earlier, 
the counseling thing …[or]  organize some kind of a business that helps people, like a Goodwill 
type of store or, something, somehow using I think my organizational skills but directly helping 
people every day and people who need help.  Not just helping people have another car.” [CF17] 

 “I’d try to become a philanthropist of some sort I guess or maybe try to get involved in missions 
or do charity work or something like that.” [CM15] 

Some respondents (all Christian college alumni) discussed the workplace in general as a place to benefit 
others through positive relationships, with an evangelical focus. If the benefit to others was not dependent 
in any way on the type of workplace or the person’s position, this was classified as general rather than 
engineering. 

 “We have a Christian mission in the workplace and that’s to demonstrate who God is in our lives 
and his faithfulness, his sovereignty, the grace that he provides.  So just having a testimony in the 



workplace where you spend your day, your waking hours, with people from all sorts of 
backgrounds and different needs.  So even just taking that opportunity with a coworker or a 
subordinate, ‘Hey, can I pray for you because I have a God who has got this all under control?’” 
[CM03] 

Some respondents discussed a general notion of wanting to make people happy, and this was also 
categorized as calling-in general. 

“I guess I’m somebody who wants to make a difference- it sounds so cliché though- that ….I’m 
trying to think about… yeah, what do I do in my personal life and what do I do here?  What do I 
want people to see me as?  The only thing that comes to mind right now is I’m someone who 
cares.” [SF22] 

Finally, several respondents expressed a desire to spend time in their child-rearing responsibilities, and 
this was also coded as an attention to other (“Calling – in General”). 

In all, 50% (7 of 14) Christian college alumni and 56% (5 of 9) secular college alumni indicated some 
degree of calling specific to their work in engineering (Figure 4). For calling in general (non-engineering 
focus), these numbers increase to 57% (8 of 14) for Christian college alumni and fall to 44% (4 of 9) for 
secular college alumni. These two types of calling were combined to determine the fraction of participants 
indicating calling of any sort, yielding 71% (10 of 14)  and 78% (7 of 9) for Christian and secular college 
alumni, respectively. 

 
Figure 4: Expressions of Calling among Engineering Alumni of Christian and Secular Colleges 

One encouraging note was found among those who did in fact express calling for their engineering work. 
For the most part, participants were able to see opportunities to serve within the context of full-time or 
paid engineering work, rather than only through part-time or occasional volunteer activities (Figure 5). 
For construction of Figure 5, the category of “full-time” included participants whose every mention of 
calling (actual or desired) within engineering which could occur as part of an engineer’s full-time or paid 
employment. For example, some mentioned useful products of a current or former engineering job; some 
mentioned serving clients or co-workers specifically through their engineering role or work. Also 
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included in this category was a Peace Corps assignment since it was full-time and utilized engineering 
knowledge. The category of “volunteer” included participants who explicitly mentioned using 
engineering skills for service only through some sort of volunteer or part-time activity, such as Engineers 
Without Borders, or occasional missions trips which used engineering knowledge. Participants who 
mentioned at least one example of each were included in the “both” category shown in Figure 5.  

 
Figure 5: Participants who expressed calling within engineering may have described this as part of their 
regular/full-time work, or as a part-time/volunteer activity, or both. 

Discussion 
The expression of calling within the population of Christian college alumni was much less prevalent than 
one might expect based on the mission statements of these institutions. As described in the Methods 
section, participants were offered multiple chances to express calling. Further, questions became 
increasingly direct such that towards the end of the interview, participants were given very clear 
opportunities to discuss a sense of calling, if present. They were first prompted to think about their faith 
or worldview in relation to career decisions, then were asked about their ideal job as well as what they 
might do with their life if there were no constraints of time or money. It was in response to these 
questions that expressions of calling were often given, and hypothetical situations were coded as calling 
as well as recollections of actions actually taken. This makes it all the more striking that 30% of Christian 
college alumni, when given the chance, do not even in their dreaming envision a life activity that is other-
oriented. 

Furthermore, there was no notable difference in expressions of calling within one’s engineering work 
between alumni of Christian or secular institutions. The fact that only half of engineering graduates from 
Christian colleges express an orientation to the needs of others within the context of their engineering 
work might be an indication that the engineering departments at these schools are failing to accomplish 
their stated missions in terms of shaping graduates to see the value and importance of engineering work as 
kingdom work.  

Also potentially troubling is the lack of other-orientation expressed in any facet of life among graduates 
of Christian colleges. Twenty-nine percent (4/14) did not express a sense of calling in either work or other 
life roles, and this is actually a higher percentage than for secular institution graduates (22% or 2/9). Not 
only are the Christian institutions apparently falling short of their goal to instill a sense of calling within 
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engineering employment, but they may also be failing to have enough impact on the overall character of 
their graduates. 

It is important to consider whether other factors might account for these unexpected findings. 
Methodological issues, including sample bias and interview protocols, do not appear to easily explain 
these results.  

Sample bias is a valid concern, particularly with the smaller sample sizes. As mentioned in the methods 
section, this population is over-sampled for females, which might skew the results as compared to a 
standard cross-section of engineering graduates. Previous research has indicated that among engineers, 
women are probably more likely than men to express a desire to use their careers for service to 
others.25,26,27,28 Therefore, if anything, having more women in this sample should provide a bias towards 
over-representing the presence of calling, when defined as orientation to others. 

With an interview for data collection, it is always important to consider whether the response of interest 
was found less frequently because the participants might have felt uncomfortable in some way about 
reporting it. In this case, the desired response (having a calling) would reflect positively on the 
participant. Talking about wanting to help others in some way should not elicit negative emotions. 
Consequently, this bias, if any exists, would likely be to over-represent the presence of calling. 

In summary, these findings raise two key questions about what the fundamental problem is in discovering 
a sense of calling among engineering graduates. One possibility is that the problem is with calling in 
general. In other words, Christian institutions, in order to fulfill their stated missions, may need to focus 
on the cultivation of a general other-orientedness among their engineering graduates. The “combined” 
column of Figure 3 lends some support to this, since nearly three of every ten graduates of Christian 
engineering colleges fail, given multiple opportunities, to imagine any attention to “other” in describing 
their preferred life activities. Perhaps one broken link in the educational process at Christian institutions is 
helping students to do the hard work of “dying to self” and instead seeking more benefit to others than 
self in both career and general life decisions. This is a question that is not fully answered by the data and 
analysis of this study and that merits further work.  

A second possibility is that the problem of calling lies within the field of engineering. When 
approximately half of all engineering graduates fail to consider calling within their engineering work, yet 
two-thirds express a sense of orientation to other somewhere in life, the gap leads to another question. Is 
the problem that the profession of engineering does not offer sufficient opportunities, within regular 
employment, for people to feel that they are contributing to the needs of others? Or is the problem more 
precisely that engineers fail to recognize the opportunities that do exist to serve others within the context 
of engineering work? 

Some participants had come to a clear understanding of the positive impact their everyday engineering 
work could have on the lives of others. A civil engineer spoke about her experiences running public 
meetings following a fatal accident at an intersection of concern:  

“But I guess what is satisfying about it is that they understand that we care; that we’re just not 
saying ‘driver’s error, there’s nothing we should do.’  We’re trying to look at what we can do, is 
there anything we can do.  But also to listen to them and be responsive and talk to them so they 
feel like, okay they’re looking at different things, maybe there is something we can do here.  So 
that’s the project, it’s okay, what can we do that makes them feel that they made a difference?” 
[SF22] 

Still, a number of those interviewed expressed a sense of longing for finding a deeper meaning or sense of 
contribution within their full-time engineering work. For example, one participant said: 

“The biggest crisis that you're talking about is still just a car part.  It's not a person's life.  At least 
most of the things we deal with aren't safety critical like that.  So... I think that, you know, I feel 



like I'm helping people in some sense but um, like I said, influencing those around me or making 
friends with someone and helping make their workday that much better but... not as much as 
maybe I could if I were out somewhere else in the world.” [CF17]   

Thus, future study is warranted to probe whether this is primarily an issue of perception (which could 
potentially be addressed at the level of undergraduate education) or a systemic issue reflecting the reality 
of the profession (which may require a very different approach to remedy).  

In conclusion, it appears that engineering alumni from Christian institutions are not speaking about 
calling to a degree that would satisfy the mission statements of their alma maters. It is apparently not 
something that automatically appears with the interest in engineering. It may be very necessary to actively 
review departmental activities that help students to consider the importance of calling within the 
profession of engineering. 

Acknowledgements 

 
This work was funded by the Seattle Pacific University 2009-10 Lilly Faculty Vocation grant, Seattle 
Pacific University 2010-11 Faculty SERVE grant, the Calvin College 2009-2010 Research Fellowship, 
and the Calvin Center for Christian Scholarship. 

References 
[1]  Calvin College Engineering Department Mission Statement.  2011. Available from 

<http://www.calvin.edu/academic/engineering/about/mission.html>. 
 
[2]  Cedarville University Department of Engineering and Computer Science Mission Statement.  2011. 

Available from <http://www.cedarville.edu/Academics/Engineering-and-Computer-Science/About-
Us.aspx>. 

 
[3]  Seattle Pacific University Engineering Programs Mission.  2011. Available from 

<http://spu.edu/depts/ee/academics/electrical.asp>. 
 
[4]  George Fox University Engineering Department Mission Statement.  2011. Available from 

<http://www.georgefox.edu/academics/undergrad/departments/engr/about/mission.html>. 
 
[5]  Calvin College Expanded Statement of Mission. (February 2004 rev.) 2004. Available from 

<http://www.calvin.edu/admin/provost/mission/>. 
 
[6]  University of Washington, College of Engineering Mission Statement.  2011. Available from 

<http://www.engr.washington.edu/about/mission.html>  
 
[7]  University of Washington Mission Statement.  2011. Available from 

<http://www.washington.edu/home/mission.html>. 
 
[8]  University of Michigan Department of Mechanical Engineering Mission and Goals.  2011. Available from 

<http://www.engin.umich.edu/bulletin/me/goals.html>. 
 
[9]  University of Michigan Department of Electrical Engineering Mission and Goals.  2011. Available from 

<http://www.engin.umich.edu/bulletin/eecs/goals.html>. 
 
[10]  Niebuhr, H.R. 1956. The purpose of the Church and its ministry. New York: Harper & Brothers. 
 



[11]  Weber, M. 1958. The Protestant ethic and the spirit of capitalism. Translated by T. Parsons. New York: 
Scribner. Original edition, 1904/05. 

 
[12]  Buechner, F. 1993. Wishful Thinking: A Seeker's ABC. revised and expanded ed. San Francisco: 

HarperSanFrancisco. 
 
[13]  Oates, K.L.M., M.E. Lewis Hall, and T.L. Anderson. 2005. Calling and conflict: A qualtiative exploration 

of interrole conflict and the sanctification of work in Christian mothers in academia. Journal of Psychology 
and Theology 33 (3):210-223. 

 
[14]  Hunter, I., B.J. Dik, and J.H. Banning. 2010. College students' perceptions of calling in work and life: A 

qualitative analysis. Journal of Vocational Behavior 76:178-186. 
 
[15]  Bunderson, J.S., and J.A. Thompson. 2009. The call of the wild: Zookeepers, callings, and the double-

edged sword of deeply meaningful work. Administrative Science Quarterly 54:32-57. 
 
[16]  Hall, D.T., and D.E. Chandler. 2005. Psychological success: when the career is a calling. Journal of 

Organizational Behavior 26 (2):155-176. 
 
[17]  Steger, M.F., N.K. Pickering, J.Y. Shin, and B.J. Dik. 2010. Calling in work: Secular or sacred? Journal of 

Career Assessment 18 (1):82-96. 
 
[18]  Wrzesniewski, A., C. McCauley, P. Rozin, and B. Schwartz. 1997. Jobs, careers, and callings: People's 

relations to their work. Journal of Research in Personality 31 (1):21-33. 
 
[19]  Wrzesniewski, A. 2003. Finding positive meaning in work. In Positive Organizational 

Scholarship: Foundations of a New Discipline 
edited by K.S. Cameron, J.E. Dutton and R.E. Quinn. San Francisco, CA: Berrett-Koehler. 

 
[20]  Dik, B.J., and R.D. Duffy. 2009. Calling and vocation at work: Definitions and prospects for research and 

practice. Counseling Psychologist 37 (3):424-450. 
 
[21]  An Engagement with God’s World: the Core Curriculum of Calvin College. 2006. 

<http://www.calvin.edu/admin/provost/core/> (accessed March 23, 2011). 
 
[22]  Merriam, S.B. 2009. Qualitative research: A guide to design and implementation. San Francisco, CA: 

Jossey-Bass. 
 
[23]  Patton, M. 1990. Qualitative evaluation and research methods. 2nd ed. Newbury Park, CA: Sage 

Publications. 
 
[24]  Glaser, B.G., and A.L. Strauss. 1967. The discovery of grounded theory: Strategies for qualitative 

research. Chicago: Aldine Publishing Company. 
 
[25]  York, A.E. 2008. Gender differences in the college and career aspirations of high school valedictorians. 

Journal of Advanced Academics 19 (4):578-600. 
 
[26]  Little, A.J., L.d.l. Barra, and A. Bernardo. 2009. Attracting girls to science, engineering and technology: An 

Australian perspective. European Journal of Engineering Education 34 (5):439-445. 
 



[27]  Plett, M., C. Hawkinson, J.J. VanAntwerp, D. Wilson, and C. Bruxvoort. 2011. Engineering identity and 
the workplace persistence of women with engineering degrees. Proceedings of the 2011 American Society 
for Engineering Education Conference, Vancouver, B.C., June 2011. 

 
[28]  Wilson, D., M. Plett, J.J. VanAntwerp, and C. Bruxvoort. 2011. Opportunities to serve: Important from 

middle school to retirement. Proceedings of the WEPAN (Women in Engineering Program Pro-Advocates 
Network) Conference, Seattle, WA, June 21-23, 2011. 

 
 
 



 1

Teaching Entrepreneurship through Christian Virtues 
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1 Abstract 

The literature on entrepreneurship has moved from early analysis of the characteristics of the 
entrepreneur to a broader understanding of the interactions of the individual with his or her 
environment.  That is, success depends not only on the personality and skills of the entrepreneurs 
themselves, but also on the social network in which they find themselves.  A new enterprise 
flourishes or fails depending on a complex array of factors.  Engineering and business educators 
who are Christians can use a faith-based pedagogical approach that links individual and 
community characteristics in a way that naturally relates to our students:  through virtues.    This 
approach can attract students to entrepreneurship who want to make a difference in the world as 
followers of Christ (as opposed to the more stereotypical reasons for entrepreneurship, such as 
the chance to create something new or the chance to get rich). 

First, we begin with an overview of the relationship between the individual and the community, 
including a review of the literature, focusing on the transition from personal characteristics of 
entrepreneurs to the broader understanding of the entrepreneur in situ.  Second, we propose a 
new way to think of the product and technology innovation cycle, based on the virtues of 
creativity, diligence, and wisdom, which are informed by other virtues, such as compassion, 
justice, and stewardship.  Third, we consider practical pedagogy to teach entrepreneurship using 
the virtues, which may help faculty to move beyond simple teaching of skills towards a positive 
influence on actual student entrepreneurial behavior.  Finally, we explore Christian entrepreneurs 
as transformative agents, addressing the difficulty students face in bringing virtues to bear in a 
world sometimes hostile to faith. 

2 Introduction 

At Calvin College we have recently introduced more entrepreneurship education into our 
engineering curriculum; in doing so we have found a number of helpful connections between our 
Christian faith, entrepreneurship, and engineering.  In this paper we explore the use of virtues as 
a basis for connecting engineering students with entrepreneurship.  This is a companion piece to 
a paper presented at the 2011 annual conference of the American Society of Engineering 
Educationi, but with a more explicit exploration of the faith connections. 

3 Entrepreneurship:  Individual Characteristics and Community/Social Interconnection 

3.1 How should the individual relate to community? 

The literature on entrepreneurship has moved from early analysis of the characteristics of the 
entrepreneur to a more sophisticated understanding of the interactions of the individual with the 
environment.  That is, we now recognize that success depends not only on the personality and 
skills of the entrepreneurs themselves, but also on the social network they find themselves in.  
Thus, a new enterprise flourishes or fails depending on a complex array of factors.   

To help us think about how the entrepreneur relates to her environment, consider the question of 
whether individual or environmental attributes take precedence in a few other domains (and how 
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the two relate).  Perhaps the best-known incarnation of this dichotomy is the biological aspect:  
nature versus nurture.  On the one hand, our genes rather uniquely distinguish us.  Physical 
characteristics are the most obvious, such as eye color or height, but behavior and predispositions 
are also heavily influenced by our genetic makeup.  On the other hand, our environment strongly 
influences us.  Physical characteristics are perhaps less affected except in extreme environments, 
but certainly our behavior, knowledge, desires, and preferences are heavily influenced by the 
stimulus provided by our surroundings.   

Another way to think about the individual-community relationship is to consider a particularly 
apropos analogy:  how Christians are related to Christ as individual believers but also as 
members of the one body of believers.  To each person God gives natural and spiritual gifts, 
talents, and abilities that are given not only for the good of the individual but also with the 
intention of being used for the greater good of other people.  Some people are given gifts and 
talents more directly related to developing new ideas or things or organizations, but all are 
expected to develop and use those gifts for the greater good of the church and the world.  “For 
just as each of us has one body with many members, and these members do not all have the same 
function, so in Christ we, though many, form one body, and each member belongs to all the 
others. We have different gifts, according to the grace given to each of us.”  (Romans 12:4-6ii) 

Gunton looks at individuality as well as the communal relationship between humans (our social 
network) as a key part of our identity:   “Personal beings are social beings … it must be said that 
they have their being in their personal relatedness:  their free relation-in-otherness….All things 
are what they are by being particulars constituted by many and various forms of relation.”iii  One 
of the primary thrusts of Gunton’s book is that the individual (the one) must be respected and 
therefore cannot be subsumed into the community (the many); but at the same time, the 
community must be respected as an essential part of the individual’s humanity.  We need both.   

Neither the individual nor the community have primacy, both are key parts of what make us 
human.  As just one example, the individual who fears “big government” may respect a 
democracy for providing participation and representation in governance, but at the same time 
worry that such collective influence and power may lead to the majority running rough shod over 
the rights of the minority.  Both the individual rights as well as the proper role of communal 
governance are needed. 

According to Gladwell, the three key types of people necessary to start and sustain a social 
epidemic (an idea or innovation that spreads rapidly) are:  (a) connectors, (b) mavens, and (c) 
salesmen.iv  He contends that a social idea or trend takes off when a “connector” provides the 
medium for the idea to spread quickly because he or she knows a large number of people, but 
further, the connector’s network must be rather diverse, linking people from all walks of life.  
The social epidemic also needs the “maven” who recognizes a good idea and passes it along in a 
very effective way because they naturally like to help people, which makes their offer 
particularly attractive (and infectious).  Finally, the “salesmen” helps seal the deal, persuading 
people to accept the idea.  This includes verbal and non-verbal cues that make these personalities 
particularly adept at influencing opinions.  These Gladwell archetypes are helpful in examining 
the entrepreneur as individual vis-à-vis society.  An innovation by the individual entrepreneur 
does not take root unless it spreads (i.e., becomes a social “epidemic”) through the community. 

The entrepreneur starting a company must affirm both ends of the spectrum, combining their 
individuality and personal drive with their network of connections and community.  For 
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example, any one individual does not typically have all the skills or resources necessary to start 
and sustain a successful business, and so must be able to work with a group to provide the 
necessary skills.  Often the entrepreneur begins the company solely by the sweat of her own 
brow and must learn later to delegate some tasks as the business grows and she can no longer 
manage every detail herself (even with superhuman effort).  Some entrepreneurs have a great 
idea, but have trouble getting it off the ground without help.  They need to tap their social and 
business networks in order to raise capital, to put together the deals to go into production, to 
develop a marketing campaign, and so forth.   

Many entrepreneurs use outsourcing and subcontracting as the contractual means of tapping their 
community network for skills they do not have “in house”.  For example, one of the authors has a 
business in architectural services that contracts for engineering and information technology 
services so that the company can focus on architecture.  One of the other authors has a business 
providing embedded computer systems engineering design services that contracts with a 
bookkeeper for corporate accounting services, with an attorney for legal services, with a cleaning 
service to take out the trash, and so forth.  This allows the company to focus on its core identity 
and core product. 

3.2 Literature references 

In this section we provide a sampling of the research in entrepreneurism that touches on the 
relationship between individual and the community.   

Low and MacMillan note several decisions that must be addressed when constructing an 
entrepreneurism research project.  The first is specification of purpose.  The next two touch on 
the topic of our paper.  They discuss the tension between entrepreneurial nature and nurture in 
identifying these as two alternatives in their second decision: theoretical perspective.   A focus 
on nature is termed “strategic adaptation,” stressing that the "key to entrepreneurial success lies 
in the decisions of the individual entrepreneurs who identify opportunities, develop strategies, 
assemble resources and take initiatives."v The other pole, nurture, is termed “population 
ecology,” stressing that “individual goal-driven behavior is largely irrelevant and that 
environmental selection procedures are the most powerful determining factors"vi.   Their third 
decision of entrepreneurism research, research focus, can also be placed on the nature-nurture 
spectrum.  Here they divide focus into psychological, social-cultural, and network.  The first 
tends towards nature, the second two towards nurture.  The authors then point out that the 
research literature started out at the nature pole and moved towards the nurture over the last 
couple decades:  "Early entrepreneurship studies typically focused on the personality or cultural 
background of the individual entrepreneur as a determinant of entrepreneurial behavior. Over 
time, these approaches yielded to a recognition that meaningful research must adopt a more 
contextual and process-oriented focus."vii  Aldrich has spearheaded a view of entrepreneurism 
through the analogy of evolution.  In a paper with Martinez, he describes the four concepts of 
entrepreneurism as evolutionary development: “the creation of new organizational structures 
(variation), the way in which entrepreneurs modify their organizations and use resources to 
survive in changing environments (adaptation), the circumstances under which such 
organizational arrangements lead to success and survival (selection), and the way in which 
successful arrangements tend to be imitated and perpetuated by other entrepreneurs 
(retention).”viii  Aldrich cites Low and MacMillan in moving away from individual 
characteristics of entrepreneurs and focusing more on the process that moves a “nascent 
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entrepreneur” from conception of a business to successful and growing organizations.  Singh, et. 
al.,ix has identified a positive relationship between the ability of the entrepreneur to recognize 
opportunities and the size of their social network (particularly the number of “weak links”). 

Perhaps the pendulum has swung too far from individual characteristics, focusing on community 
and context.   For example, Aldrich cites the many failed entrepreneurial endeavors that go 
unnoticed, as if to dismiss any particular individual’s contribution, implying that the masses 
simply generate lots of organizational variations that are offered up blindly for the fittest to 
survive.  But these are not random variations caused by mutations in an unintelligent genetic 
code but rather the thoughts and ideas of sentient, human entrepreneurs.  Surely there must be 
some recognition that these individuals intelligently adapt because of their innate knowledge and 
passions, and furthermore can even alter their environment through their conduct.  

4 Innovation Cycle 

4.1 Innovation Cycles in the Literature 

The engineering design cycle is a set of iterative steps that guides the process of technology 
development.  A variety of authors have proposed variations on the theme of problem 
definition/specification, ideation of alternative solutions, evaluation of options using decision 
criteria, decision/selection, and implementation.  Similarly, the entrepreneurial innovation cycle 
is a set of iterative steps that guides the process of product and service business development.   
For example, Davila describes a general ideation process as the following seven tasksx: 

1. Develop criteria 
2. Prepare for brainstorming session 
3. Brainstorming session 
4. Screening meeting 
5. Workshop and initial ranking 
6. Brief investigation 
7. Final ranking  

He also notes that innovation processes must be guided by good leadership:  “In companies that 
innovation produces best in class results, key success is tied to how well the CEO and the senior 
management team do the following (these are known as the Seven Innovation Rules)” xi:   

1. Exert strong leadership on the innovation strategy and portfolio 
decisions. 
2. Integrate innovation into the company's basic business mentality. 
3. Align the amount and type of innovation to the company's business. 
4. Manage the natural tension between creativity and value capture. 
5. Neutralize organizational antibodies. 
6. Recognize that the basic unit (or fundamental building block) of 
innovation is a network that includes people and knowledge both inside 
and outside the organization.  
7. Create the right metrics and rewards for innovation. 

Marquis provides a similar model of the process of innovationxii: 
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1. Recognition 
2. Idea formulation 
3. Problem solving 
4. Solution 
5. Development 
6. Utilization & diffusion 

Maidique provides a simpler list that combines some of these steps into just four stage of 
innovation: “Recognition, Invention, Development, Implementation.”xiii  Holt differentiates 
between the processes for creativity and for innovation.  The steps in the creative process are: 
“Idea germination (the seeding of a new idea, recognition), Preparation (conscious search for 
knowledge, rationalization), Incubation (subconscious assimilation of information, fantasizing), 
Illumination (recognition of idea as being feasible, realization), and Verification (application or 
test to prove idea has value, validation).” xiv  In contrast, the steps in the innovation process are: 
“Analytical planning (to identify product design, market strategy, financial need), Organizing 
resources (to obtain materials, technology, human resources, capital), Implementation (to 
accomplish organization, product design, manufacturing, services), and Commercial application 
(to provide value to customers, rewards for employees, revenues for investors, satisfaction for 
founders).” xv In summary, the creative process includes coming up with new ideas and showing 
they have potential value, while the innovation process finds a real market and implements the 
idea for actual use by consumers.   

A previous CEEC paperxvi has looked at the use of design norms (similar to virtues) in the design 
process.  In that paper, norms such as justice and humility are proposed as additional decision 
criteria that can be used in a structured way to guide design decisions. 

4.2 Virtues as Bridge 

The stereotype of the entrepreneur is an individual who is hard driving (to the point of running 
over anyone in their way, thus lacking in compassion) and who sees opportunities (but may be so 
narrowly focused that they miss issues of justice, sustainability, or community concerns).  The 
literature shows that successful entrepreneurs do not fit this profile.  Instead, they reach beyond 
themselves and depend on a fertile and supportive environment in order for their business to 
flourish.  The stereotype of the engineer is an individual who is introverted, shy, and socially 
isolated, yet a technical wizard.  This profile also emphasizes an individualistic nature; it also 
needs to be tempered with a community network aspect.  The virtues can help to demonstrate 
that these are false stereotypes when they are used as paradigms to guide entrepreneurial 
engineering (or can help to overcome negative tendencies where they do exist). 

Rather than emphasize either the individual or the community, in this paper we seek to bridge the 
two – through virtues.  Virtues are admirable qualities, attributes of good character.  Though they 
are held (or pursued) by an individual, they almost always are demonstrated in the relation of 
that individual to others.  Thus they serve as a bridge or link between the one and the many, 
between the individual and the community.   

Christians naturally understand this connection because this is how the apostle Paul characterizes 
the body of believers – where each member is essential to the functioning of the whole.   The 
drive of the entrepreneur can then be a powerful kingdom builder when directed towards God’s 



 6

good and perfect will.  Virtues can be used as a guide, leading to anything from a car with lower 
emissions to giving a paralyzed person the ability to walk once more to cutting costs in a 
business that prevent layoffs.  Learning about and growing in virtues can prompt entrepreneurs 
to consider potential directions and pursue options that more fully reflect God’s kingdom while 
considering the greater positive impact on their immediate community as well as the global 
society. 

The virtues form a bridge between the individual and the community because they regulate how 
the individual should behave toward the others in the community.  For example, charity (as 
opposed to greed) describes how one should treat resources, either sharing them with others or 
hoarding them from others.  Chastity (as opposed to lust) describes intimacy between the 
individual and others, particularly sexual intimacy, though not limited to this aspect.    

The virtues thus appear to be a valuable tool to explore the relationship of the entrepreneur as 
individual and the entrepreneur at the nexus of a community network.   Although their primary 
purpose is to encourage ethical and moral behavior (and we do not discount their value in this 
respect), we can also leverage the virtues as an infrastructure that helps us understand and thus 
teach entrepreneurship.  

4.3 The Virtuous Innovation Cycle 

The “right” set of virtues is not clear-cut. The most famous list is probably the so-called seven 
heavenly virtues that counter the seven deadly sins (vices):  charity (greed), chastity (lust), 
diligence (sloth), humility (pride), kindness (envy), patience (wrath), and temperance (gluttony). 
Virtues are also related to the Galatians 5:22-23 fruits of the Spirit: love, joy, peace, forbearance, 
kindness, goodness, faithfulness, gentleness and self-control.  One could use classic virtues from 
historical Western thought, such as the "natural virtues" of prudence, temperance, fortitude, and 
justice; or Judeo-Christian ideals that include faith, hope and love.  Calvin College uses a set of 
14 virtues that are embedded in its general education requirements (the core curriculum).  Neal 
Plantinga explains the derivation of the list as “neither systematic nor exhaustive… rather, 
exemplary.”xvii 

We selected creativity, diligence and wisdom as three virtues that correlated closely to creativity, 
innovation, achievement, and dealing with risk – traits that are often listed as characteristics of 
entrepreneurial personalities in management articles.  In considering such traits and associated 
virtues, we started with the list of entrepreneurial character attributes listed by Glick-Smithxviii 
and then compared them to other such lists including the definitions, samples and characteristics 
of entrepreneurs surveyed by Gartnerxix.  We noted the frequency and correlation of specific 
characteristics and compared them to the various lists of virtues.  Gartner looks at entrepreneurs 
from a personality trait view as well as a behavioral view, and then ties these aspects to the 
creation of organizations.  Carland, Carland and Stewartxx looked at connections between basic 
human psychological characteristics with various levels of intuitive strengths and levels of 
drives, examining these connections in light of commonly cited entrepreneurial characteristics of 
innovation, achievement and risk.  Crantxxi looks at how the proactive personality is associated 
with entrepreneurial intentions: “Proactive personalities identify opportunities and act on them; 
they show initiative, take action, and persevere until they bring about meaningful change.”  

We intentionally worked with a rather broad definition of entrepreneurship.  Our intention is to 
explore possible connections between certain virtues and potential applications of 
entrepreneurship including founding a new business, acquiring an existing business, managing a 
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turnaround, as well as the creative activities of innovators, identification and exploitation of an 
opportunity, and development of a niche in the market or development of a strategy to satisfy 
some needxxii. 

The virtues we selected have appeared individually in the literature of the ASEE conference.  We 
checked for the six virtues of interest in the ASEE National Conference Proceedings from 1996 
to 2010 using a full text keyword search in October, 2010.  The results are graphed in Figure 1.  
Most of the virtues we selected appear hundreds of times, though one appears much more 
frequently– not unexpectedly, the word “creativity” is used thousands of times.  Teaching based 
on virtues has appeared a couple times in the ASEE conference:  in Jordan’s paper on virtue 
ethicsxxiii and in Helweg’s contrast of value and virtuexxiv. A paper on design norms by Ermer and 
VanderLeest looked at norms for the engineering design process that could be seen as analogous 
to virtuesxxv. 

 

   
For comparison, we also did a simple count of the frequency of our proposed virtues in the 
proceedings of this conference (CEEC), by numbering the hits in Google.  The chart below 
illustrates the results.  Our point is that these virtues are certainly not new in the engineering 
literature, but they have not been considered collectively as a means to guiding good 
entrepreneurial engineering design. 

Figure 1: Frequency of Virtue Keywords in ASEE Conference Proceedings 
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4.3.1 Defining Creativity 

Creativity (as defined by the Merriam Webster dictionary) is "the ability to make or bring into 
existence something new through imaginative skill" and is synonymous with cleverness, 
ingenuity, innovativeness and inventiveness.  In the context of engineering, creativity is a core 
skill for brainstorming alternative solutions to a specified problem.  It is an important ingredient 
in anticipating consequences that might otherwise go unforeseen.  Even seemingly 
straightforward tasks such as problem specification are often complex challenges that require 
creativity to tease out the whole story.  In the context of business, creativity leads to the iterative 
virtuous cycle of innovation that would include making something new through imagination, 
persevering or enduring with steady determination and thoroughness, and making the best 
decisions marked with understanding, discernment, and sound judgment.  Creativity in 
entrepreneurship can include innovations in organizations, products and services, processes, and 
in marketing, operations and finance as well as in leadership and management. 

Some companies specifically encourage individual creativity.  For example, Google allocates 
one day each week for employees to pursue their own ideas and pet projects. The company 
IDEO takes problems from almost any domain (including products or services) and uses multi-
disciplinary team to tackle them, creating space for creativity by using very fluid, diverse teams.  
Many institutes of higher learning provide a sabbatical leave (traditionally every seven years) for 
faculty to recharge and pursue a research project. 

One might think of creativity as a skill rather than a virtue, but we believe it has a scriptural 
foundation, starting with the creation story itself.   Creativity flourishes in humans because we 
are created in the image of our Creator (Genesis 1:27).  So while other living creatures might 
exhibit hints of creativity, we especially express our special place in creation by creative 
production (whether in music, literature, philosophy, or engineering innovation).  This idea is 
reinforced by the story of Bezalel, chosen by God to design and construct the tabernacle:   “See, 
the LORD has chosen Bezalel son of Uri, the son of Hur, of the tribe of Judah, and he has filled 
him with the Spirit of God, with wisdom, with understanding, with knowledge and with all kinds 

Figure 2: Frequency of Virtue Keywords in CEEC Proceedings 
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of skills— to make artistic designs for work in gold, silver and bronze, to cut and set stones, to 
work in wood and to engage in all kinds of artistic crafts.” (Exodus 35:30-33).   

4.3.2 Defining Diligence 

Diligence is "perseverance with a steady, earnest and energetic effort" and synonymous with 
active, engaged and industrious. The diligent entrepreneur has determination, thoroughness, and 
perseverance to endure to the completion of a project. 

Thomas Edison remarked on the necessity of diligence in the process of invention: "Genius is 
one percent inspiration, ninety-nine percent perspiration."xxvi  The founders of Amway 
Corporation first dabbled in several other businesses, including a flying school, a drive-in 
restaurant, and a vitamin business until they finally hit on a successful formula for a 
biodegradable cleaner that they first sold out of their basements.xxvii 

A significant part of the testing and refinement process of an innovative idea is thoroughness in 
exploring all appropriate options and alternatives – turning over each “stone” to make sure the 
testing covers all angles and does not miss any critical steps or issues.   

The virtue of diligence has a biblical basis.  We are called to industriousness in our daily lives: 
“God is not unjust; he will not forget your work and the love you have shown him as you have 
helped his people and continue to help them. We want each of you to show this same diligence to 
the very end, so that what you hope for may be fully realized. We do not want you to become 
lazy, but to imitate those who through faith and patience inherit what has been promised.” 
(Hebrews 6:10-12).  Peter also notes the need for perseverance:  “For this very reason, make 
every effort to add to your faith goodness; and to goodness, knowledge; and to knowledge, self-
control; and to self-control, perseverance; and to perseverance, godliness; and to godliness, 
mutual affection; and to mutual affection, love.” (2 Peter 1:5-7) 

4.3.3 Defining Wisdom 

Wisdom is the ability to discern inner qualities and relationships or insights.  It is good sense and 
judgment, an intelligent attitude “marked by deep understanding, keen discernment and a 
capacity for sound judgment.” (Merriam-Webster)  Wisdom is more than knowledge, intellect, or 
memorization of countless facts.  Eliot captures this idea of deep intelligence in his poetry. 

The endless cycle of idea and action, 
Endless invention, endless experiment, 

Brings knowledge of motion, but not of stillness, 
Knowledge of speech, but not of silence; 

Knowledge of words, and ignorance of the Word. 
All our knowledge brings us nearer to our ignorance, 

All our ignorance brings us nearer to death, 
But nearness to death no nearer to God. 

Where is the Life we have lost in living? 
Where is the wisdom we have lost in knowledge? 
Where is the knowledge we have lost in information? 
The cycles of Heaven in twenty centuries 

Bring us farther from God and nearer to the Dust. 
Choruses from “The Rock” by T. S. Eliotxxviii  
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Wisdom is key for the entrepreneur in identifying an opportunity where others have not, 
discerning whether this is the right prospect to pursue at the given moment.  Entrepreneurs are 
often non-linear thinkers, estimating the probability of success in the face of ambiguous and 
incomplete information. Wisdom often includes a person's beliefs and attitudes that lead to 
decisions toward a selected course of action, leveraging the three characteristics of 
understanding, discernment, and judgment.  (a) Understanding is more than simply learning facts 
or theories; it is a deeper level of intelligence that requires connecting various aspects of 
knowledge within a specific context of relationships.  (b) Discernment requires narrowing the 
field of options and alternatives, converging on the best and most feasible solutions.  Sometimes 
it requires recognizing that the best option has not been identified yet.  This involves not only 
critical analysis, but also developing objective data on which to base decisions and an intuitive 
sense of what alternatives have the greatest likelihood of successful implementation –sensing 
customer and market demand in the face of broader economic situations, including existing and 
potential competition.  (c) Judgment is required to make good decisions regarding pursuit of 
possible directions, ideas, or products. We base our selection of opportunities or making 
decisions on some personal belief or value system that defines “right” or on a corporate belief or 
value system, mission or vision – which is indirectly based on the defining group’s beliefs and 
value systems.  Thus, judgment is part and parcel of our worldview. 

The virtue of wisdom is easily found in scripture, indeed, one section of the Old Testament is 
known as the wisdom books (Job, Psalms, Proverbs, Ecclesiastes, Song of Solomon).  Consider 
the call of wisdom from Proverbs:  “My son, if you accept my words and store up my commands 
within you, turning your ear to wisdom and applying your heart to understanding” (Proverbs 2:1-
2).  The New Testament also commends wisdom:  “If any of you lacks wisdom, you should ask 
God, who gives generously to all without finding fault, and it will be given to you.” (James 1:5) 

4.4 Informed by Other Virtues 

Although some businesses make maximization of profit their only goal, many entrepreneurs find 
success (including financial) when their sole focus is not profit.  They make meaningxxix and 
make a difference through their business. Thus, while long-term profitability (and short-term 
positive cash flow) is certainly necessary for a business to remain viable, the meaningful goods 
and services the business supplies to meet the needs of the community around it often serves as 
the main purpose and driver of a business.  

Specifically, in contrast to a prevailing approach to business in the secular world (that the 
primary goal of business is only to create wealth for the owners or shareholders), Christians find 
broader ends for business based on a biblical perspective.  The purpose of business should be to 
provide meaningful goods and services that make the world a better place for others.  The 
purpose of business should be to treat the customer with respect as a fellow image-bearer.  The 
purpose of business should be to unfold God’s creation and use the resources in our care as good 
stewards.  The purpose of business should be to provide meaningful jobs that allow people the 
dignity of work to use their God-given gifts and talents, jobs that in turn provide wages to 
employees so they can support their families and contribute to the needs of others.  The purpose 
of a business should be to provide a community between workers, managers, vendors, suppliers, 
buyers, sellers, customers, and clients – a fellowship that is pleasing to God because of its 
honesty, integrity, and care for fellow humans and for the rest of creation. 
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The owner of a business may have wide latitude to make decisions more closely aligned with his 
personal values, including virtues, while an engineer or even an executive at a publicly held 
company may have fewer opportunities.  However, while the CEO is answering to a board of 
directors, she may still have significant influence on many of the decisions made within that 
business regarding marketing, operations, finance, management, and strategic direction, allowing 
her to instill values throughout all levels of the organization.  Even student interns can have a 
larger influence than they often realize by humbly but firmly raising questions about the real 
purpose of the organization and whom is to be served amongst all of the stakeholders – beyond 
simply the owners or shareholders.    

Profit can also be seen as a means to an end rather than as the only end in itself. While profit is 
necessary for a business to survive and thrive, it need not be the sole goal.  A wider concern for 
the good of society can become a more fundamental purpose that then informs decisions and 
fosters creative environments and innovative products. While younger employees may think that 
the senior staff does not take them seriously, in reality their fresh voices and inquisitiveness often 
foster re-thinking and intentional change in projects, processes, management and organizations.  

We thus believe that innovators are often most productive, encouraged, and least constrained 
when they are motivated by intrinsic factors rather than only extrinsic factors related to profit 
motive.    This led us to identify three additional virtues that inform and support the virtuous 
innovation cycle of creativity - diligence - wisdom.  We chose to explore here the additional 
virtues of compassion, justice and stewardship.  We selected these three to encourage and inspire 
entrepreneurial students and engineers to consider more widely the context of their relationships, 
community, and global society as a whole.  

The virtue of compassion calls for love and caring of others.  Compassion encourages the 
development of innovative goods and services that make the lives of others better.  
Compassionate entrepreneurs are concerned with how they treat and relate to all of the 
stakeholders of a product (including employees, customers, suppliers, consultants, producers, 
and even government officials involved).  Compassion strategically directs creativity away from 
simply improving one’s own lot to the broader concern to help others.  Businesses identify 
consumers’ needs, wants, and desires. They make money satisfying them.  By comparison, 
compassion strategically directs creativity to the broader concern to help others and improve the 
lives of a wider segment of society – often at the levels of more basic life needs.  Compassion 
can help fire diligence but it also tempers diligence so that a balance is achieved with time with 
one’s own family and concern for the whole lives of co-workers and employees.  Entrepreneurs 
must use wisdom to make the best decisions possible, but their decisions should be based on the 
most compassionate products and outcomes on the greatest number of people and not solely on 
what might be most profitable.  Compassion and caring as a direct outgrowth of love are high 
callings for Christians:  “Therefore, as God’s chosen people, holy and dearly loved, clothe 
yourselves with compassion, kindness, humility, gentleness and patience.” (Colossians 3:12)  
This calling is a reflection of God’s own compassion:  “The LORD is gracious and 
compassionate, slow to anger and rich in love. The LORD is good to all; he has compassion on 
all he has made.” (Psalm 145:8-9) 

The virtue of justice calls for a sense of fairness and equity.  This is justice in a broader sense 
than simple retributive justice that metes out punishment for wrongdoing.  It is justice that 
establishes fair treatment and equity.  It is God’s justice, as Isaiah describes: “Wash and make 
yourselves clean.  Take your evil deeds out of my sight; stop doing wrong.   Learn to do right; 



 12

seek justice.  Defend the oppressed.  Take up the cause of the fatherless; plead the case of the 
widow.” (Isaiah 1:16-17)  Micah makes clear that the high calling of compassion (in the form of 
mercy) is linked with an eye for justice: “He has shown you, O mortal, what is good.  And what 
does the LORD require of you?  To act justly and to love mercy and to walk humbly with your 
God.” (Micah 6:8)  In making decisions about which innovations to pursue, entrepreneurs must 
also consider what is just.   Their processes and working relationships should be fair with a 
concern for the interests of all stakeholders and not only their own interests, nor only the 
interests of the paying customer.  The code of ethics for many of the engineering societies has 
the idea of justice behind many of its guidelines.  Furthermore, many entrepreneurs and indeed 
many of our engineering students come from a Christian faith background that emphasizes the 
principle of justicexxx.  Justice requires honesty in all dealings, operations, and finances.  Honesty 
in the marketing of innovative products or services does not exaggerate or promise what the 
product cannot realistically provide or deliver, as a matter of fairness.  Testing and verification of 
products should be both accurate and transparent.   Justice also means that employees and 
suppliers ought to be paid their full due in a timely manner, as a matter of fairness.  

The virtue of stewardship calls for the frugal and efficient use of all of the resources we have at 
our disposal (as individuals, as a company, as a nation, and even as a planet).  Much of the work 
towards sustainability aligns with this virtue.  Teaching at a faith-based school, this virtue grows 
out of a worldview that entrepreneurs and engineers have a responsibility to care for our natural 
resources because they are from the Creator’s hand.  This means developing products or 
processes that make use of natural resources without unduly damaging them or harming the 
natural environment.   We find this calling to be earth’s keeper in our first mandate as created 
beings:  “God blessed them and said to them, ‘Be fruitful and increase in number; fill the earth 
and subdue it. Rule over the fish in the sea and the birds in the sky and over every living creature 
that moves on the ground.’ Then God said, ‘I give you every seed-bearing plant on the face of 
the whole earth and every tree that has fruit with seed in it. They will be yours for food.’” 
(Genesis 1:28-29) 

Entrepreneurial students can follow through on these suggested innovation virtues as they 
prepare for the challenges of complex corporate environments. Our student author entered the 
ASEE colonoscopy competition followed these virtues and developed a design that placed well 
in the competition. But the story did not end there. Because of this success, a local physician 
learned of the idea and is currently working with the student to assess the feasibility of the device 
for real medical use.   

5 Teaching Virtuous Entrepreneurial Behavior 

Skills and knowledge in technical engineering domains and in business domains provide our 
students with tools for decision-making (including entrepreneurial engineering decisions).  
However, these often do not go far enough, because they only answer “what?” and “how?” while 
virtues (and their implied values) inform the questions of “why?”, that is, “for what purpose?”   
Students with ambitions to make a difference in the world need to answer all these questions. 
However, virtues (which imply not just knowledge but behavior and attitude) are not so much 
taught as caught by mentoring and modeling. Thus teaching them moves beyond simple 
knowledge transfer to more active encouragement, fostering, and enablement.  The analogy (or 
perhaps even the direct application) is Christian discipleship, which we learn by modeling our 
own lives and behavior on that of mentors.  Paul urges us to imitate him and he in turn models 
his own life on the ultimate mentor: “Follow my example, as I follow the example of Christ.” (1 
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Cor 11:1).  We begin this section with some general comments about teaching any of these 
virtues, then look at some specific suggestions for each of the three innovation virtues. 

Teachers can make use of more open-ended class discussions, where students find a challenging 
but safe place to explore the infusion of virtues in their innovation and decision-making 
processes and projects. Teachers can also foster multi-disciplinary environments, helping 
students form more varied teams including those that combine engineers with students and 
practitioners in business, economics, sociology, psychology, politics, education, art, and history.  
The Innovation Encounter competition (discussed later in this paper as a case study) is an 
example of this mixed-team approach.   

Questions about virtues can be asked right from the beginning of each project, during the project, 
and as part of the post-evaluation.  Teachers can also share from their personal experiences, 
demonstrating the impact of the consideration of virtues on their own work, teaching, and lives – 
recounting how virtues have been helpful or even necessary to bring an innovation to a 
marketable reality.  We have the opportunity to push students beyond the normal or typical 
questions, to set higher standards and goals for them, to encourage them to make a positive 
difference in society and the global community of which they are all a part.    

Project reports can include a requirement for reflection as well as dry observation.  Use a variety 
of teaching styles and methods enhances learning, not only to reach all students who have varied 
learning styles but also to stretch students beyond their preferred learning style. 

In the next few subsections we suggest a few pedagogical techniques that may be helpful for 
teaching each of the three innovation virtues (creativity, diligence, wisdom).  Then in section 5.4 
we examine some options for curricular design related to these virtues.  We close this section by 
providing some case studies from the student’s point of view in subsection 5.5. 

5.1 Creativity Pedagogy 

Like most of the virtues, creativity can be difficult to teach because it is not simply a set of facts 
to be memorized but is a complex set of mental tasks, a behavior, an attitude, and a 
characteristic.  It is caught from a mentor as much as it is learned from a teacher.   We recognize 
the output of creative thinking, but can often have difficulty articulating the process we went 
through while creating (and thus have difficulty teaching it).  Nevertheless, significant strides 
have been made in teaching creativity in engineering and business in the last decades, e.g., see 
case studies at the end of this paper or see Pappasxxxi for a survey paper on teaching creativity.     

Project and innovation courses often provide the intellectual space for creativity.  However, 
many traditional engineering lecture courses can stifle creativity by using “canned” problems 
with single solutions.  Furthermore, the packaging of labs and lectures into small slices can make 
it difficult to allow for the time necessary to explore and innovate (which can be detrimental to 
both creativity and diligence, the next virtue considered). 

Creativity can be fostered by providing real life problems and opportunities for meeting global 
and personal needs, by teaching a process of investigation and problem-solving individually and 
in teams across disciplines, and by encouraging novel solutions and new perspectives without 
discounting new ideas too quickly.  The teacher can encourage creativity by providing the 
appropriate resources along with an environment friendly and conducive to developing new ideas 
and concepts, while at the same time asking appropriately hard questions. Creativity can be 
promoted in teaching by encouraging students to ask broader questions, to avoid elimination of 
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potential options too soon, to think of the wider context, and to make connections between 
theoretical ideas and concepts with practical and useful applications that are needed by society. 
Creativity via networking can be seeded by connecting students with other professors and 
professionals who provide additional perspectives and resources. 

5.2 Diligence Pedagogy 

Diligence can be taught through case studies of specific entrepreneurial engineers or companies 
who have been consistently persistent.  Examples of diligence can range from historical figures 
such as Thomas Edison to contemporary entrepreneurs such as Sergei Brin of Google.  Students 
should also explore the tension between wide-open creativity and the diligence required to be 
systematic, to follow through, and to not give up. 

Teachers can encourage students to set big and lofty stretch goals as well as specific, 
measureable, and achievable goals.  Students can be encouraged to develop their personal 
commitment to the project and their team, and to develop realistic but challenging schedules and 
time frames with specific dates.  Thoroughness can be fostered by continually asking questions 
of students to make sure they have considered all of the relevant questions, that they can provide 
a good justification for their choices, that they have estimated the risk, have done a cost/benefit 
analysis, and so forth.  Encouraging students to persist, to see problems and obstacles as 
opportunities that can lead to additional new ideas and a competitive advantage, can cultivate 
perseverance.  Teachers can share their own experiences with persevering as well as stories and 
examples from other innovators and innovative organizations that led to breakthroughs after 
significant hard work and patience.  Personal encouragement from teachers to students can 
support and energize students and student teams to persist.  One of the beauties of such 
encouragement is that it costs only a small amount of time and can make a significant difference 
in the eventual successful implementation of an innovation. 

5.3 Wisdom Pedagogy 

Wisdom is necessary to make balanced and informed decisions about which process to use, what 
options to consider, how to narrow possibilities to those with the most potential for application 
and profitability, and which solutions may have the potential for the greatest good while 
minimizing negative impacts on society.  Wisdom starts with information and knowledge from 
books, faculty teaching, and more, but often only becomes real insight from watching and 
interacting with someone with more work and life experience, so that the student can learn from 
and build upon the teacher’s hard-gained know-how.   Interaction between student and teacher 
provide a dialogue, a two-way discussion and sharing of insights and values. Teachers can 
encourage understanding by helping students see the connections and potential relationships 
between concepts. 

Judgment often comes with greater professional and life experiences which the teacher and 
senior staff can share with students and junior staff.  Sharing of mistakes and learned lessons can 
be particularly helpful, along with how to avoid such mistakes or missed opportunities, closing 
with a rationale for making better decisions into the future.  Students must come to own this 
experience, and thus must be allowed to try out their growing discernment with guidance, but not 
stifled or narrowly directed by their teachers, i.e., they must learn to learn, capitalizing on their 
successes and also benefiting from their mistakes.  This need to own the experience yourself is 
typical of all the virtues: one must practice them – actually incorporate and use them in real life 
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problem solving.  If they are only studied and are not used in practice by a student, then the 
“head” knowledge is not integrated with the rest of the worldview and is not easily or readily 
applied.  

Wisdom can be taught in tandem with diligence – pushing and stretching students to evaluate 
risks and opportunities, to ask the right questions, and to be self-motivated in an iterative process 
of constant refinement – all of these activities to promote diligence can then lead students to 
consider and wrestle with broader contextual questions beyond just solving a specific problem 
but generalizing and seeing the larger pattern.    As an example, here are some questions that can 
promote pursuit of insight and wisdom: 

• What brings the greatest glory to God? 
• Just because we can, should we?  
• What are our motivations in pursuing the development of innovative products and 

services? 
• How might our design help the most people, reduce the most suffering, improve the most 

lives? 
• Is this the best use of my time, talents, resources, gifts, and relationships? 
• Will this product or process care for the earth and God's kingdom or harm it in any way? 
• Are there any legal, moral, or ethical issues with the desired product or process? 
• Do people really need this new product or service, or does it fulfill an unnecessary 

desire? 
• How might this design process, new product, or service affect my relationships or the 

personal relationships among others? 
• What is the long-term impact compared with the short-term impact? 
• Does this process or product draw people closer to God or away from God? 

5.4 Curriculum 

5.4.1 Incremental and Repeated  

Multiple classes, projects, and problems allow students to grow and learn at a reasonable pace 
and to build on what they have learned previously in incremental steps.  The innovation process 
in entrepreneurial engineering must be iterative and thus the infusion of virtues in the design and 
implementation of ideas will likely require an iterative approach as well.  An incremental 
approach could, for example, ask students to learn virtues in greater number and in greater depth 
while they proceed through the curriculum, so that they internalize them and become self-
motivated when they enter the work place. 

5.4.2 Experiential Learning 

Internships can serve as an introduction to entrepreneurism if the company is a start-up.   It is 
more difficult to find an entrepreneurial experience within an established company, but it is not 
impossible – for example, “intrapreneurial” teams within some companies carry a product all the 
way through its development, marketing, and production cycle; another possibility is a company 
that provides innovation services, such as Sundbergferar.   

Within the engineering department at Calvin, students take an Engineering Internship Workshop 
during their sophomore year. Our internship coordinator (a faculty member within the 
department) shares experiences with how employers hire, what characteristics they seek, how to 
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answer tough interview questions, and professionalism on the job.  He helps students to send out 
resumes and make networking connections.  Students are required to follow-up with leads.   The 
engineering internship course (which can be completed more than once, for each internship 
experience) requires students to write an essay and make a public presentation on their 
experience. 

Within the business department at Calvin, the internship program relates closely to the four 
modes of learning proposed in Kolb’s Experiential Learning Theoryxxxii, xxxiii, which are Concrete 
Experience, Reflective Observation, Abstract Conceptualization, and Active Experimentation.  
This methodology provides a strong learning experience for the students participating in the 
program while incorporating learning the virtues.   The students typically start with a cognitive 
session with abstract conceptualizations, teaching the virtues in a lecture setting (a pedagogical 
technique that is well suited for those who prefer abstract conceptualization). These lectures 
provide the backbone from which the student can learn about the virtues necessary to engage the 
world as an entrepreneur. This is mostly an informative session that helps the students to learn 
about the attributes of these virtues; few could grasp the full importance of them without further 
learning.  Students are then put into an observational phase where they can watch a mentor 
practicing the virtues in a real world setting. This learning touches on Kolb’s reflective 
observation technique. This allows the student to take what they learned scholastically in the 
previous method and see it take shape in real-world situations. This phase can demonstrate the 
complexities with which the virtues come together and show that they don’t always do so in an 
ideal fashion.  The next component of the program is experiential with concrete problems and 
situations. Students in this phase work on an innovation project of their own choosing while 
applying the virtues they have learned and seen in practice. This leads to the active 
experimentation learning technique and gets the student “off the bench”. In this learning, the 
students are no longer observing another or sitting in class, but actually applying the things they 
have learned in those situations to solving real-world problems. There is a significant difference 
between passive observation and active decision-making about a project in which one is heavily 
invested. This teaches the tension between the virtues and how complex it can become to follow 
those virtues.  Finally, the students must discuss and write about their experience in a reflective 
phase similar to Kolb’s reflective observation technique. In all of the confusion and even chaos 
that comes with tackling innovative problems, there is a good chance that the virtues were 
overlooked in some instances. One does not naturally look through the list of virtues and make a 
decision on that basis, yet that is not to say the virtues did not influence these decisions. 
Providing time to look back and recognize those situations in which the virtues were utilized 
helps to tie all the learning techniques together, and open the student's eye to the many and 
complex uses of virtues in the world.  

The intent in our internship courses is to have the student experience several iterations of these 
main four steps, preferably in specific sequence to promote the best learning. However, the 
engineering internships sometimes use slightly different initial starting points and sequencing 
than our business internship courses, although both departments use all four of Kolb’s steps. 

5.5 Case Studies from a Student Perspective  

Earlier in the paper we noted the value of multidisciplinary teams because of the insight and 
value of diverse viewpoints.  We practiced this even in the writing of our paper.  Our three 
authors include one member of the business faculty, one member of the engineering faculty, and 
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an engineering student.  Much of the paper up to this point has been our combined thinking about 
innovation virtues primarily from the teacher’s viewpoint.  This section on case studies is based 
on our student author’s experiences, reflecting back on them from the perspective of our 
proposed innovation virtues. 

Competitions are an excellent way to foster the growth of the innovation virtues. Competition 
can teach the necessary skills of an entrepreneur in an environment that is conducive to the 
development of such virtues. It is imperative that these virtues be learned well before they are 
tested in the complex setting of the business world. Competitions provide an excellent medium 
for applying the knowledge gained from class work to situations where they necessarily must be 
used. There is no substitute for actually looking at an issue and having the classroom learning 
take life within the problem description, truly experiencing what it means to persevere or be 
faced with an ethical dilemma. There are many examples of virtues coming to life in even these 
simple contests. In this section, the Science Olympiad Robot Ramble, ASEE Novel Endoscope, 
and Innovation Encounter competitions will be examined to emphasize their contributions to 
teaching the entrepreneurial virtues. 

5.5.1 Creativity 

Creativity is probably the most obvious and most advertised reason for engineering competitions 
such as Science Olympiad (specifically referencing the Robot Ramble competition), or the ASEE 
Novel Endoscope competition. Both provide environments for students to encounter problems 
that can subsequently be solved in a creative manner. One of the marks of a good engineering 
competition is that it does not simply encourage creativity, but demands it of successful 
competitors.  

Teaching a student to take a step back and look at things from a different angle is one of the 
greatest lessons that can be learned and is a necessity in creating anything innovative. At times 
this may actually involve physically looking at a material from a different angle.  For example, in 
an issue with testing a theory, the only solution that had been identified was to completely 
manufacture a new part, costing time and money on something that had yet not been proven or 
tested. The problem was presented to a student, who looked at the current tooling and was able to 
design a workable setup to test the idea. The student came across this solution by looking at the 
tooling, determining what others had already developed, and then going in a completely different 
direction.  In this case it was turning the tooling upside down and using some masking tape. The 
actual design is not as important here, but how it was developed – innovation comes from 
thinking differently. This student learned to think outside of the box through competitions. 
Competitions intentionally limit resources available to the contestants and thus force them to be 
creative. In the Robot Ramble Science Olympiad competition, it was not always the best-funded 
robots that achieved success. Limited funds forced one team to strive for a better idea as opposed 
to purchasing better materials or borrowing ideas from others. This team attacked the problem 
from a completely different angle and because of this they were able to compete and even beat 
teams with thicker wallets. Creativity can be inspired in other ways through competition as well. 
Sometimes it can be as easy as making it a design parameter. At the ASEE conference last 
summer, a competition was held to design a novel endoscope. Novelty was a necessary condition 
and it forced the teams into the right mindset, constantly asking themselves what novel meant for 
this competition and what their design would need to achieve in order to fulfill this requirement. 
It forced one team to think farther outside the box than anyone in the competition and led to a 
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design that was a source of pride (and a second place trophy).  Competitions that force teams to 
leverage unique or hidden advantages in a new way can be of great use in educating students in 
the ways of an entrepreneur. 

5.5.2 Diligence 

Diligence is a far greater contributor to success than most give it credit. Diligence is what 
separates the winner from the “also ran”, in terms of success with a specific idea. Competitions 
can be key to training students in diligence. Diligence aids in every step of the entrepreneurial 
cycle. It pushes the entrepreneur to look for a better solution. And when that solution is found, it 
helps to bring that solution to fruition despite the countless obstacles that will undoubtedly line 
the path to completion.  

Competitions are somewhat idealized entrepreneurial situations. They mimic what will happen in 
real life when an answer is found that only brings up many more problems. A good example of 
diligence taught in a competition comes from a Science Olympiad practice in which a team 
thought their robot had been completed. They took it to the testing surface only to watch their 
design go up in smoke – literally. There was no clever solution to this problem; it was solely an 
issue of whether the students had the will to start all over on something they had worked on for 
so long and believed to be completed. They did persevere and ended up going far in the 
competition because they were determined to fix their previous mistakes and make their next 
generation robot better.  

Equally important, competitions teach one that diligence pays off in the end. The team that 
participated in the ASEE competition had a deadline of mid-June and with end-of-semester 
exams and class work, they had not much physical progress on their design. This meant that in 
late May and early June they spent a lot of time in a garage gluing, testing, building, designing, 
etc.   All this was happening while their phones kept buzzing with friends inviting them to the 
beach or a pool party!  Their diligence eventually paid off – entrepreneurs go the extra mile even 
when it is hard to do.  Competitions can help to teach this attribute. 

5.5.3 Wisdom 

Our student author was once told by an engineer that he was shadowing to learn from the 
mechanics in the shop and not take the fact that they may have not gone to college as a sign that 
they were not intelligent. This piece of wisdom has two important lessons.  

First lesson:  there is absolutely no substitute for experience. Knowledge can be taught and is 
useful but wisdom is where that knowledge interacts with experience to produce something far 
more valuable than raw facts. This is especially true in robotics. The team did not come up with 
the previously mentioned out-of-the-box idea right off the bat; the first year they attempted the 
challenge they failed miserably, never creating a competition-ready robot. They started their 
design process in a basement, just thinking about it. They thought and thought and finally came 
up with a “brilliant” solution. It had a very unique process cycle with many intriguing 
complexities that all fit together beautifully and worked perfectly – in their heads at least. When 
everything came together in reality and it was time for integration testing, the motors were not 
strong enough, the process didn’t flow, and, more than anything, it was far too complex. What 
they lacked in success they made up for in experience as the next year they knew the size motor 
necessary to deliver 5 ft-lbs. of torque and how to avoid major issues that inevitably pop up. 
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They learned Murphy’s Law – if anything can go wrong, it will go wrong – is real and terrible 
and must be anticipated, or else there could be awful consequences.  

Second lesson:  people from different backgrounds and settings are always useful. A strong 
group member will never dismiss anyone or any idea too quickly. A webinar hosted by Applied 
Innovation Alliancexxxiv put it this way – no idea is worthless; everything you see and hear has 
potential to make your project better. Even the worst idea was mentioned for some reason and 
respecting the person who said it enough to find that reason can lead to a solution that may have 
never otherwise been envisioned. Competitions such as Innovation Encounter help to foster 
wisdom in this regard. Innovation Encounter is a team-based design competition that presents the 
students with a problem and 5 hours later asks for the solution. This forces the students to 
interact and rely on one another like they never would have in other competitions. The team from 
Calvin College consisted not only of engineers but Computer Science, Marketing, and 
Accounting majors as well. And while some on the team originally thought the engineers would 
do the majority of the important work, the actual result was far more symmetrical. Engineers and 
Computer Science majors worked on development of the product while still consulting with and 
helping the business and marketing teammates who were busy researching in their areas of 
expertise. Engineers could bounce ideas off people who thought about things in a non-technical 
way (i.e., unlike themselves) and business majors could do the same. These differing 
perspectives influencing the decision-making brought strength to the team that few other teams 
had (which were mostly comprised of engineers.) This team meshed well together and operated 
using organization and collaboration that created an end product that was something far greater 
than any one collegiate concentration could have achieved alone.  

The cardboard canoe race is an old Calvin College tradition where students are challenged to 
make a canoe out of nothing more than cardboard, plastic bags, and duct tape. The students then 
all come together the day of the race, put their canoes in the murky water of the nearby Seminary 
Pond and paddle their way around while friends cheer from the banks. The merit for this 
competition does not lie in the problem statement however; its usefulness resides in its 
accessibility. Entrepreneurship and the ideas and projects that result are quite demanding. Such 
situations can shake the determination and nerves of even the most seasoned entrepreneur and 
thus the stereotypical goals of money and fame don't always motivate. Entrepreneurs need to 
“catch the bug”. They need to learn to love the project and the pursuit of a substantial 
accomplishment. This competition provides a medium for going beyond the typical student 
routine and creating something worthy of pride while still having a lot of fun. The key is to 
create an event that is enjoyable enough to draw people into it but also is a means for facilitating 
these entrepreneurial passions.  

5.5.4 Supporting Virtues 

The supporting virtues of justice, compassion, and stewardship naturally occur in the competition 
setting as well. As mentioned previously, these virtues inform the Virtuous Innovation Cycle and 
can be seen as driving forces in the examples already mentioned, however we can also see them 
specifically in competitions as well.  Competitions illuminate the need for justice in many ways. 
The strict rules of these competitions teach innovation in a setting where unfairness and 
dishonesty are harshly punished.  Additionally, in competitions where funding is needed, the 
team may have to write a petition for funds. The process of writing a grant proposal is very 
educational and demands an honest review of expected costs and rewards. A good example of 
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compassion in competitions is in the ASEE design competition when an endoscope innovation 
was required.  Ideas of patient comfort and recovery came into play in the development of this 
design. Many ideas were discarded because the team was almost certain it would violate the 
Hippocratic “do no harm” oath. This problem statement taught the students to put themselves in 
the shoes of the future patients and consider what using the product would entail. Would the 
design lessen the current discomfort felt in this procedure or compound it?  The team did not win 
first place in large part because they recognized that the best way to win the competition (which 
did not make comfort a high criterion) was not the best way to create a novel endoscope that 
could improve upon the current one.  That is, the virtue of compassion led the team to put 
potential patients ahead of the absolute drive to win. 
 
Competitions also encourage stewardship in potential entrepreneurs. Most noticeably, 
competitors have to be good stewards of the limited funds and resources available to them. This 
entails researching before purchasing, using creativity to make a good idea work without the 
ideal materials, and generally conserving what they are given so an end product can be reached. 
More than this obvious stewardship, competitions are means by which potential entrepreneurs 
can use their time and abilities to become better and explore the possibilities of innovation that 
they can achieve. It affords avenues of learning from teachers, peers.  It provides experiences 
that would otherwise have never been encountered. 

5.6 Assessment 

Assessment of virtues is notoriously difficult because it involves not only knowledge and 
comprehension but also internalized behavior change, which may not become evident in the 
short term.  As a small experiment in assessment, one author taught a very brief lecture-style 
class on definition and application of the innovation virtues in a course on iPhone application 
development.   The lecture included student engagement in defining virtues and imagining their 
application to product development in general and iPhone “apps” specifically.  The following 
class day, the students completed a quiz and also a survey of two questions related to the virtues 
the previous day.    A five-level Likert scale was used for responses, coding them as follows: 

-2 = Strongly disagree 
-1 = Disagree 
0 = Neutral 
1 = Agree 
2 = Strongly agree 

Table 1 shows the results of the survey (with an admittedly small sample of only 20 students). 
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Table 1: Virtue Survey Results 

 

Mean with 90% 
Confidence 

Interval 

1. The brief study of virtues related to innovation 
positively impacted my perception of entrepreneurs.    0.89±0.17 
2. The brief study of virtues related to innovation 
positively impacted my own desire to pursue 
entrepreneurial activity.    0.32±0.27 

 

Of course this simple experiment provides only scant evidence with the small sample size.  The 
second question barely registered as statistically different than 0 (while the first clearly did). It is 
also biased because these particular students were somewhat self-selected for entrepreneurism, 
which may mean that the room for improvement is smaller than for a more evenly balanced 
class. 

6 Entrepreneurs as transforming agents 

In a Christian institution of higher learning, it is easy to talk about faith and to connect Biblical 
virtue to one’s profession.  However, the world outside of these safe havens can be indifferent or 
even hostile to a faith perspective.   This is a world that colleagues teaching in secular colleges 
and universities face daily, a world that most students will quickly enter as they move into their 
professional careers.  Students need practical tools for bringing their faith to bear in a 
technologically advanced world that often sees no need for God.  In the western world, we also 
face a postmodern cultural tendency to recoil from strong statements of faith claiming absolute 
truth, particularly when that truth includes a condemnation of sin and evil.   

Business culture can tend toward a more narrowly focused goal of maximizing profit.  Some 
view faith and other intangibles as a waste of money and irrelevant to the market. Profit is an 
important ingredient in the health and sustainability of a company, but when it is the only goal of 
the corporation, it can crowd out all other goods.  A practical approach to implementing 
professional virtues must take this into account, providing a gentle influence that broadens 
corporate goals beyond profit.   A gentle approach will start with virtues that comport well with 
the starting point and leanings of those to whom we hope to witness.  Many engineers who have 
no expressed faith still find value in environmentalism and sustainability, which can lead to an 
understanding of stewardship. Going green in companies through reduction of energy 
consumption aligns economics and environmentalism.  Considering that many are quick to 
recognize inequity, this may lead to an understanding of social justice, which in turn can lead to 
an exploration of the ultimate source of justice.   It may be that common grace provides non-
believers a glimpse of heavenly virtue.  Perhaps C.S. Lewis has it right, that humans are created 
with a sense of the divine, an innate (though clouded) understanding of good and evil.  That 
sense can lead to an open mind and willingness to consider higher virtue. 

A sharp witness can quickly appear disruptive and cause other team members to avoid 
confrontation by drawing back.  A gentle witness can continue to grow, gaining a foothold over 
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time – but only when coupled with competent, hard work that gains the respect of colleagues.  
Once respect is established, one’s voice on other matters also gains a hearing.   

Entrepreneurship in engineering and business constantly requires options to be considered and 
weighed, and decisions made based on some values system or criteria.  Christian students and 
interns can be encouraged to raise questions based on virtues throughout the creative process. 
They can raise these questions with their supervisors and with their teams.  They can expand the 
types of questions an engineering team could be asking themselves and also seek low-key and 
non-threatening discussions with higher-level executives in their business organizations.  Many 
creative engineers and innovative managers will encourage wider and deeper questions as it 
often results in greater creativity and innovation, additional new ideas, and a more thoughtful and 
thorough distillation process of ideas including better serving customer needs and future markets. 

For students, their sphere of influence might be quite small.  They typically start out in 
companies as interns, where every engineer is their boss and they are the new kid on the block.  
Through hard work (the virtue of diligence as well as our calling in Colossians 3:17), over time 
they become full-time employees, technical leaders, managers, and perhaps entrepreneurial 
owners.  Each step of her career path, the engineer builds a wider circle of professional 
colleagues and friends and her sphere of influence grows.   Upon attaining management or 
ownership positions, one can then have much wider and more explicit influence over corporate 
goals.  One can then have a seat at the table when the corporate mission, vision, and strategy is 
formed, revised, and implemented. 

7 Conclusion  

In this paper we argued that both individual characteristics of the entrepreneur as well as the 
environment around the entrepreneur contribute to success in bringing innovations to market.  
We then proposed a set of innovation virtues that form a bridge between the attributes of the 
individual and the community around them.  The virtues of creativity, diligence, and wisdom can 
provide a mental model and framework around which students can form their thinking about 
innovation.  We then provided some initial ideas for teaching these virtues as part of an 
entrepreneurism curriculum and particularly noting the Biblical basis for each virtue to 
demonstrate the integration of faith with entrepreneurism and engineering. We conclude now 
with an acknowledgement that application of virtues is not as simple as we may have portrayed 
and with a summary of the next steps we could take with innovation virtues. 

7.1 Tension between Virtues 

Often the virtues work in concert:  wisdom and diligence can lead to better ideas and thus 
creativity; compassion and stewardship can lead to a green initiative that saves money for the 
company and protects the environment simultaneously.    Indeed, Plantinga points out that 
virtues “possessed in isolation from each other… quickly become vices: diligence becomes 
workaholism, honesty degenerates into brutality, …”xxxv However, even when used in concert, 
the virtues do not always complement each other.  In the case study on the endoscope design 
competition, the specifications stated that a realistic novel endoscope should be made – but the 
competition was judged by the total time for the endoscope to perform its function. Here the 
virtues of compassion and creativity collided.  In this instance the team wanted to design a 
device that was not excruciatingly painful for a real human subject; yet speed was the 
determining factor for the competition.   Tension between virtues is not unique to 
entrepreneurism and engineering – humans in a fallen world have always faced these trade-offs 
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(and perhaps even prior to the fall).  The ethical tensions around a decision to steal bread for the 
starving or the decision to lie in order to protect Jews hiding from Nazi exterminators point to the 
difficult conflicts that can arise between virtues. 
 
One mechanism to explicitly consider and balance tensions between design criteria is the use of a 
decision matrix.  Each potential solution alternative is listed as a row in the matrix and each 
decision criteria is listed as a column. Weight and strength are classic examples of design criteria 
that may be in tension. Ideally one wants to maximize strength and minimize weight, yet higher 
strength necessitates higher weight.  So the matrix allows the designer to clarify that trade-off.  
We can add virtues as additional decision criteria as an organizational method to clarify the 
tensions with other design criteria (including other virtues).  While this method draws attention 
to the complexity of the interaction between virtues, it does not solve that tension and thus 
students should have the opportunity to explore these tensions and see the consequences of their 
chosen trade-offs in real projects. 

7.2 Further Work 

More work should be done to correlate specific examples of teaching methodologies with each 
virtue.  For instance, the cardboard canoe competition could more explicitly connect creativity in 
the formation of the actual teams to greater innovation of the design and construction of the 
canoe.  It could also promote stewardship of the environment with spare and effective use of 
materials in the construction of the canoes as well as the recycling of the materials used.  
Diligence could be stressed in terms of developing a reasonable and feasible schedule that allows 
for consideration of more options and the wisdom of using trial runs.   

Additional examination of the tension between virtues would be helpful.  Entrepreneurs often 
must make decisions that naturally create conflict between virtues.  Educators should help 
students develop their own decision-making process based on their own value system as an aid to 
finding balanced solutions, so that the student comes to expect (and not fear) these situations 
fraught with ambiguity and tradeoffs. 

We did a simple example assessment for this paper.  A realistic assessment would require a 
longitudinal study to provide justification for the value of our proposed approach of innovation 
virtues and to provide evidence for the effectiveness of specific teaching methods related to these 
virtues.  We hope to explore teaching virtues in senior project classes (both engineering and 
business) to determine the impact on student decision-making and the correlation with 
subsequent predilection for volunteering and participation in other entrepreneurial-related 
activities such as competitions or clubs.   Better assessment could help us fine-tune how to teach 
the virtues in ways that provide the bridge we suggested, but even further, might help us 
determine which virtues best serve this purpose. 

One final area for further study would pursue the question of how best to encourage students to 
take the initiative in pursuing entrepreneurial opportunities, to volunteer their own time and 
energies toward them rather than simply complying because it is a course requirement. Our 
student author certainly took the initiative to engage in entrepreneurial projects and participate in 
entrepreneurial competitions, but how might teachers identify and encourage a larger number of 
students to do likewise?  Our student author had a natural inclination and interest in creative 
engineering design, which he pursued on his own well before college, then later gravitated 
toward those kinds of opportunities within coursework and also in voluntary competitions such 
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as with the cardboard canoe or the concept designs.  We are thus interested in the characteristics 
of students who decide to voluntarily participate in such activities to look for correlation with 
various curricular features related to entrepreneurship.  Our goal would be to not only teach 
intellectual knowledge of methods, process and virtues but to also create an environment that 
nurtures a noticeable behavior change – where students begin to incorporate virtues or the 
consideration of virtues in their creative and entrepreneurial projects and endeavors. 

An entrepreneurial approach to the world has great potential to combine career and Christian 
mission, to integrate faith and profession.  Entrepreneurial approaches that solve appropriate 
problems also have value as subtle witness to a corporate world that might resist more overt 
attempts at proselytizing.  Perhaps the greatest value from an entrepreneurial approach guided by 
innovation virtues is that it can benefit all stakeholders with a better product, service, or business 
model – in both a profit-building and kingdom-building sense. 

 

8 References 

                                                 
i Jen, Cal, Tyler Helmus, and Steven H. VanderLeest, “Teaching Entrepreneurship through Virtues,” Proceedings of 
the Annual Conference of the American Society for Engineering Education (ASEE), Vancouver, BC, Canada, June, 
2011. 
ii All scripture references in this paper are from THE HOLY BIBLE, NEW INTERNATIONAL VERSION®® 
Copyright © 1973, 1978, 1984, 2011 by Biblica, Inc.™ Used by permission. All rights reserved worldwide. 
iii Gunton, Colin E., The One, the Three and the Many: God, Creation and the Culture of Modernity, Cambridge: 
Cambridge University Press, 1993, p. 229. 
iv Gladwell, Malcolm, The Tipping Point: How Little Things Can Make a Big Difference, New York:  Little, Brown 
and Company, 2000, p. 34. 
v Low, Murray B. and Ian C. MacMillan, "Entrepreneurship: Concepts, Theory and Perspective," in Álvaro Cuervo, 
Domingo Ribeiro and Salvador Roig, eds., Entrepreneurship: Past Research and Future Challenges, New York: 
Springer Berlin Heidelberg, 2007, p. 134. 
vi Low, p, 134. 
vii Low, p. 139. 
viii Aldrich, Howard E. and Martha Argelia Martinez , “Many are Called, but Few are Chosen: An Evolutionary 
Perspective for the study of Entrepreneurship,” Entrepreneurship Theory and Practice, 2001, v25, n4, pp. 41–56. 
ix Singh, R., Hills, G., Hybels, R., Lumpkin, G., “Opportunity Recognition through Social Network Characteristics 
of Entrepreneurs”,  Frontiers of Entrepreneurship Research, Babson College, Wellesley, MA: 1999. 
x Davila, Tony, Marc J. Epstein, Robert Shelton, Making Innovation Work: How to Manage It, Measure It, and 
Profit from It, Upper Saddle River, NJ: Wharton School Publishing, 2006, pp. 128-129. 
xi Davila, pp. 11-12. 
xii Marquis, Donald G., "The Anatomy of Successful Innovations," in Michael L. Tushman & William L. Moore, ed., 
Readings in the Management of Innovation, 2nd ed, Cambridge, MA: Ballinger Publishing Company, 1988, p. 81. 
xiii Maidique, Modesto A., "Venturing and Organization Learning," in Michael L. Tushman & William L. Moore, 
ed., Readings in the Management of Innovation, 2nd ed, Cambridge, MA: Ballinger Publishing Company, 1988, pp. 
571. 
xiv Holt, David H., "Entrepreneurship and Innovation," in Millson, Murray R. and David Wilemon, ed. The Strategy 
of Managing Innovation and Technology, Upper Saddle River, NJ: Pearson, 2008, p. 5. 
xv Holt, p. 8. 
xvi VanderLeest, Steven H., “Wider and Deeper Norms for Technology Design,” Proceedings of the Christian 
Engineering Education Conference, Beaver Falls, PA, June, 2008, pp. 37-49. 
xvii Plantinga Jr., Cornelius, Engaging God’s World:  A Reformed Vision of Faith, Learning, and Living, Grand 
Rapids, MI:  William B. Eerdmans Publishing, 2002, p 229. 
xviii Glick-Smith, Judith L., “Successful Entrepreneurs,” Intercom, July/August, 1999. 



 25

                                                                                                                                                             
xix Gartner, William B.,” “Who Is an Entrepreneur?” Is the Wrong Question”, Entrepreneurship Theory and 
Practice, University of Baltimore Educational Foundation, Summer, 1989, pp. 47-67. 
xx Carland, JoAnn C. and James W., and Wayne Stewart, “Seeing What’s Not There:  The Enigma of 
Entrepreneurship,” Journal of Small Business Strategy, v7, n1, 1996, pp. 1-20. 
xxi Crant, J. Michael, “The Proactive Personality Scale as a Predictor of Entrepreneurial Intentions”, Journal of 
Small Business Management, v34, 1996. 
xxii Cunningham, J. Barton, and Joe Lischeron, “Defining Entrepreneurship”, Journal of Small Business 
Management, v29, 1991. 
xxiii Jordan, William, “A Virtue Ethics Approach to Engineering Ethics,” Proceedings of the Annual Conference of 
the American Society for Engineering Education (ASEE), Chicago, IL, June, 2006. 
xxiv Helweg , Otto J., “Teaching Engineering Ethics, Values or Virtue?” Proceedings of the Annual Conference of 
the American Society for Engineering Education (ASEE), Montreal, Quebec, Canada, June, 2002. 
xxv Ermer, Gayle E. and Steven H. VanderLeest, “Using Design Norms to Teach Engineering Ethics,” Proceedings 
of the Annual Conference of the American Society for Engineering Education (ASEE), Montreal, Quebec, Canada, 
June, 2002. 
xxvi Edison, Thomas, quoted in Rosanoff, Martin A. "Edison in his laboratory." Harper's Magazine 165, no. 4 
(September, 1932), p. 406. 
xxvii Hallett, Anthony and Diane Hallett, Entrepreneur magazine encyclopedia of entrepreneurs, John Wiley & 
Sons, 1997, p. 163.  
xxviii Eliot, T.S., “Choruses from ‘The Rock’,” The Complete Poems and Plays 1909-1935, San Diego: Harcourt 
Brace Jovanavich, 1971, p. 96. 
xxix Kawasaki, Guy, The Art of the Start:  The Time-Tested, Battle-Hardened Guide for Anyone Starting Anything, 
New York: Portfolio, 2004. 
xxx VanderLeest, Steven H., “Technological Justice Due to Intentional Design,” Proceedings of the 2009 Christian 
Engineering Education Conference (CEEC), Waco, TX, June, 2009. 
xxxi Pappas, Jesse, “Creative Thinking, Creative Problem-Solving, and Inventive Design in the Engineering 
Curriculum: A Review,” Proceedings of the Annual Conference of the American Society for Engineering Education 
(ASEE), Nashville, TN, 22-25 June 2003. 
xxxii Zanich,  "Kolb Learning Style Inventory." N.p., 1991. Web. 4 Sept. 2007, 
http://www.coe.iup.edu/rjl/instruction/cm150/selfinterpretation/kolb.htm. 
xxxiii Kayes, D. Christopher, "Experiential Learning and Its Critics: Preserving the Role of Experience in 
Management Learning and Education," Academy of Management Learning and Education v1, n2, 2002, pp. 137-49.  
xxxiv Applied Innovation Alliance, http://www.innovationrainmakers.com/index.html, accessed 3 Jan 2011. 
xxxv Plantinga, p. 229. 



Engineering Orientation: 
Character Development in Developing Engineers 

 
Aubrey Sykes and Jeremy VanAntwerp 

Calvin College, Grand Rapids, MI 

 
File: 3BSykes VanAntwerp  Page 1 of 10 

Overview 
Engineering teachers have three fundamental tasks for developing students into engineers:  to help 
the students learn how to learn on a regular, consistent basis; to develop their engineering skills, 
especially in problem solving; and, to orient them to the engineering profession. As engineering 
professors, we orient our students in numerous ways, but one of the most important of these is the 
development of their character. 
 
For influencing the development of our students’ character, first a template for exemplary 
leadership1 is advocated: beginning with credibility as an essential or foundational component for 
leadership, five practices are recommended: 

• model the way (express your values and exemplify them), 
• inspire a shared vision (envision a future and enlist others into it) 
• challenge the process (search for opportunities and experiment) 
• enable others to act (foster collaboration and strengthen others), and 
• encourage the heart (recognize others contributions and celebrate results). 

 
Then, a taxonomy is proposed for engineering student’s character to emphasize the important 
development areas2: 
 

Their Responsibilities Their Otherness Their Outwardness 
Accountability 
Honesty and Integrity 
Perseverance 
Courage 
Self-discipline 
Humbleness/Humility 
Pure in Heart 
 

Caring 
Fairness 
Respect 
Prayer 
Service 
Love for One Another 
Forgiveness 
Justice 
Mercy 

Citizenship 
Attitude of Joy and Hope 
Work for Peace 

 
The details and benefits of this taxonomy are summarized. Examples of ways in which Christian 
engineering professors can effectively and efficiently guide the development of their engineering 
student’s character are suggested. 
 
Finally, this taxonomy is compared with other guidelines and taxonomies that have been proposed 
with similar objectives. 
 

                                                 
1 James M. Kouzes and Barry M. Posner, The Leadership Challenge, 4th Edition, 2008, John Wiley & Son, 
Inc.; these principles have been articulated over many years in many related publications and Web pages. 
2 For these elements of character, but neither this organization nor its detail, the extensive writings by 
Dr.Thomas Lickona (Professor-Education, SUNY-Courtland) have been beneficial. 
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The Engineering Professor’s Role 
 One way to view our roles as engineering professors is to point out that we basically do 
three things: 

1. We help students to learn to learn. 
  Engineering is a technology “on the move” since it is the practical application of 
science; engineering is the transformation of “know what” into “know how.” However, for 
engineers to be effective and efficient over a career lifetime, they need to become lifetime learners; 
they need to be constantly learning the new developments of science and learning how to deploy 
these into new products, new processes, and new businesses. 
2. We develop skill in our students. 

Upon their entry into engineering until their graduation, we have our students 
exercise what we have taught them in homework problems, lab exercises, and projects. All of these 
efforts are to develop and hone their skills in problem solving, in abstracting a physical situation 
into an appropriate schematic, into taking every major problem into the project mantra of three S’s 
(Scope, Schedule, and Spending or Budget), and into assessing how well each effort has been 
achieved. 
  And 

3. We orient our students toward the culture of the engineering profession. 
Upon their entry into engineering until their graduation, we focus on the culture of 

engineering—on the values that an engineer adheres to. We emphasize that while not all will attain 
a Professional Engineer License, all engineering graduates are thought of as engineers and are held 
to high technical and personal performance standards by the public and their peers. 

Character Development – An Important Aspect of Orientation 
Basically, engineering orientation is aiding the development of the character of our 

students. As we observe our students through their development over their four years with us and 
after they leave college, we most often see the importance of the development of their character. 

What is “Character”? 

 What is meant by “character” is often confusing because the word is sometimes, literally, 
an omni-bus, it “carries all things.” Merriam-Webster dictionary defines character, as thought here 
as  

2 a : one of the attributes or features that make up and distinguish an individual b (1) : a feature used to 
separate distinguishable things into categories; also : a group or kind so separated <advertising of a very 
primitive character> (2) : the detectable expression of the action of a gene or group of genes (3) : the 
aggregate of distinctive qualities characteristic of a breed, strain, or type <a wine of great character> c : the 
complex of mental and ethical traits marking and often individualizing a person, group, or nation <the 
character of the American people> d : main or essential nature especially as strongly marked and serving to 
distinguish <excess sewage gradually changed the character of the lake.3 

 
This definition weighs heavily on the idea that character is those attributes that “distinguish an 
individual” or “individualize a person.” However, that is not the context intended when we, as 
Professors, seek to aid and abet the development of the character of students. By the “character” of 

                                                 
3 http://www.merriam-webster.com/dictionary/character, accessed August 2010. 



Engineering Orientation: Character Development in Developing Engineers 

 

File: 3BSykes VanAntwerp  Page 3/10 

students that we influence, we are addressing their inner values and the ways in which they deploy 
or manifest these values. 
 
In influencing the development of our students’ character, we operate from a template for 
“exemplary leadership” taught by Kouzes and Posner4: 
 with credibility as an essential or foundational component for leadership, five practices are 
deployed: 

• model the way (identify your values and exemplify them), 
• inspire a shared vision (envision a future and enlist others into it) 
• challenge the process (search for opportunities and experiment) 
• enable others to act (foster collaboration and strengthen others), and 
• encourage the heart (recognize others contributions and celebrate results). 

 
So, our focus becomes developing the character of the students while they are with us and enabling 
and challenging them to continue their character development as they leave our college and 
develop into their adult life. While many students arrive at college having told their parents and 
relatives that they are now adults, we point out to them that they are still developing—and that fact 
is a wonderful state to be in; it is a state to be enjoyed and capitalized upon. Indeed, when our 
students leave college, most have another 3-5 years of healthy maturation ahead of them before 
they align with the development process of an adult. So, paying attention to their character 
development while they are with us as well as trying to empower them to continue their 
development in their post-college years is vital. 

One Structure for Character 

Character is multifaceted. To bring structure and focus on the student’s character development, we 
use this hierarchy5 and then develop each segment in more depth: 
 
Their Responsibilities Their Otherness Their Outwardness 
Accountability 
Honesty and Integrity 
Perseverance 
Courage 
Self-discipline 
Humbleness/Humility 
Pure in Heart 
 

Caring 
Fairness 
Respect 
Prayer 
Service 
Love for One Another 
Forgiveness 
Justice 
Mercy 

Citizenship 
Attitude of Joy and Hope 
Work for Peace 

 

                                                 
4 James M. Kouzes and Barry M. Posner, The Leadership Challenge,4th Edition, 2008, John Wiley & Son, 
Inc.; these principles have been articulated over many years in a variety of related publications and Web 
pages. 
5 For elements of character, but neither this organization nor its detail, we have relied on extensive writings 
by Dr.Thomas Lickona (Professor-Education, SUNY-Courtland). Dr. Courtland’s comes from an educational 
orientation that is primarily focused on the middle and high school years. He also has a Roman Catholic bent. 
His content is excellent as seen in his many books and demonstrated on various Web pages, e.g., 
charactered.net. 
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Their Responsibilities 
By their responsibilities, we include being accountable, demonstrating honesty and unquestionable 
integrity, persevering, being courageous, developing self-discipline, being humble and operating 
with humility, and maintaining a pure heart. 
 
Accountability is a challenge for all college students. They come from a background where their 
life is quite defined, structure is abundant and supervision is intense. Furthermore, culturally, most 
have developed a habit of smoothly blaming some external cause (incident, person, etc.) for any 
shortcoming6. In college, the structure is vastly loosened to definition of obligations (appearances, 
attendance, homework, etc.). The time frame of supervision is extended; resources are extended or 
made available, but supervision is vastly reduced to performance measures with feedback.  
In their college engagements, the students find themselves accountable in word and deed; they find 
that they are measured by one another and by the faculty and staff for what and how they speak and 
for their actions, their impact and their results. As engineering students they must develop a sense 
of duty to fulfill a task against the three S’s”: Scope (what is the task, how are the results to be 
measured?), Schedule (what is the timeline and resources to execute the Scope, how will the 
schedule be bettered?) and Spending (what is the budget, how will the cost be minimized the 
benefits maximized?). 
We expect engineering students to show up for class—being absent without a good cause 
communicates a character that has not made a commitment to engineering and is not reliable and 
dependable. We expect an engineer to deliver his homework, reports, etc. on time and containing 
quality work. These are characteristics that are strongly needed in an engineer.  
Engineers are expected to have absolute honesty and integrity. With their first responsibility to 
society’s safety, health and welfare7, engineers are required to be known for their firm, unwavering, 
uncompromising adherence to the engineer’s Code of Ethics and the local laws in which they are 
functioning. Engineers often demonstrate the art of their profession by their ability to analyze a 
physical situation or need and, by making compromises in their management of the physical world, 
to achieve a valuable solution. However, that art of compromise cannot extend into their personal 
choices of deciding about important issues like safety, health and welfare. Mistakes happen in 
engineering just as in other professions. The challenge for an engineer is to be completely honest 
about what happened and what needs to be done to correct the error. By doing so repeatedly, the 
engineer builds a pattern of honesty and a reputation for integrity—firm adherence to a principled 
life. 
For our students, the biggest challenge of integrity as students is marginal cheating. We say 
“marginal cheating” because rarely have we had students blatantly cheating as we have 
experienced in other teaching venues. Rather, the marginal cheating arises when students are 
working on a problem that was assigned as an individual task but need to use limited, collocated 
computer resources. Soon cross talk develops about the assignment, in contradiction to the 
assignment’s standards. Students see the potential for an improved solution for them and 
                                                 
6 Using Pontius Pilate as an example ((Matthew 27:24 (NIV)) “When Pilate saw that he was getting nowhere, 
but that instead an uproar was starting, he took water and washed his hands in front of the crowd. ‘I am 
innocent of this man's blood,’ he said. ‘It is your responsibility!’) often helps students see the shedding of 
accountability. This ancient practice of washing the hands can be seen in The Iliad and is carried through into 
many of the Christian churches rituals, e.g., the Lavabo Inter Innocentes of the Roman Catholic mass. we 
often use the rolling of my hands to remind the students that they may be trying to shed accountability. Of 
course, here the responsibility was assumed (Mathew 27:25 (NIV)) “All the people answered, ‘Let his blood 
be on us and on our children!’” 
 
7 National Society of Professional Engineer’s (NSPE) Code of Ethics; this standard is applied to all engineers 
by society, whether they are registered Professional Engineers or only degreed engineers. 
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participate, submitting their final result as a paper of their own work—not reporting the 
collaboration that resulted from the crosstalk. Teaching that part of our grading is whether we sense 
a failure of truthfulness about their work product is important. We point out to students that they 
should realize that not only does God see their errors but their fellow students and their professors 
see their errors. Many of their fellow students will play a part in their future professional activities; 
if they have tainted their integrity among their peers, these same peers will later in life shun 
trusting them or giving them responsibility until they are assured that the errors of their ways have 
been amended with ethical habits. Similarly, although professors may never be able to charge them 
with cheating, violation of the Student Code of Conduct, or unethical behavior when they think a 
student may be taking actions that demonstrate questionable integrity, they discuss the student and 
the situations among themselves. 
Honesty about ourselves is sometimes the hardest aspect of integrity to maintain. How easy for any 
of us to make a story telling efficient by abbreviating the players and making our role seem bigger. 
Here a line from Paul writing to the church at Corinth is valuable: “Even if we should choose to 
boast, we would not be a fool, because we would be speaking the truth. But we refrain, so no one 
will think more of me than is warranted by what we do or say.” (2 Corinthians 12:6), 
Engineers are expected to be persevering. With a commitment to Scope, Schedule and Spending 
for a large part of their work and developing a mindset that we all live with the reality of The Fall, 
plans can be difficult to execute as originally constructed. We teach our students that schedules are 
to be beaten (get finished sooner, use less resources, and produce more than expected) and that 
Spending is to be less than planned for the original Scope. Most students have mentally migrated 
into engineering around Schedule and Spending with the idea that since there is The Fall they will 
not be able to meet the Schedule or the Spending, or both. Our challenge to them is to exercise all 
of the talents given to them8; i.e., they are to apply what they have learned and the skills that they 
have developed to confront each threat to their Schedule and Spending goals and/or to capture each 
opportunity to improve against their Schedule and Spending goals. To do less would be burying 
their talents over the course of their project just as the third servant of the “man going on a 
journey.” 
Engineers are responsible for having courage—either in the face of seemingly unjust adversity or 
when the opportunity arises to capture an opportunity for the safety, health and welfare of God’s 
people. Engineers are expected to demonstrate mental discipline and emotional strength when 
facing difficulty. But, probably more importantly, they are expected-as servants of God--to bring 
forth better ideas and newer technologies when solving a problem, designing a product, developing 
a process, etc. 
In all of the elements or responsibility, engineers are expected to maintain self-discipline. 
Engineering is a profession; and, like other professions, it is characterized by: 

• A large, diverse knowledge base 
• A requirement of extensive education, training and orientation 
• Self-regulation (control of training and admission to the profession) 
• Workplace autonomy, often making decisions and providing direction 

professionally alone, 
• Functioning on independent judgment, and 
• Regulation by ethical standards. 

Customers and the public must be able to trust that the engineer works hard to give the best 
professional engineering service possible. This is only feasible if the engineer is strongly self-
disciplined to stay on-task and to stay focused on the appropriate professional and project goals. 
Engineers are responsible for avoiding excessive diversions from the committed path. They must 
                                                 
8 Here the Parable of the Talents (Mathew 25:14-30) is beneficial to relate to the students. The first two 
servants multiplied the talents they had been given, while the third kept his from being at risk returning only 
what he had been given. 
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balance this charge with their other responsibilities. For engineers, often the greatest challenge to 
their self-discipline arises when situations become emotional, conflictive, combative, or critical. 
Engineers will readily admit that one of the situations to be avoided is public hearings on a project 
where they have or had some responsibility. These scenes often become quite emotional and 
flooded with ambiguous language about the project. Self-discipline is the key to providing the best 
service in these situations. 
Crisis situations are another realm where self-discipline is challenged. In one situation, fire broke 
out in a large petrochemical plant where one of us was the only engineer on the site. After quickly 
suppressing the fire and regaining control of the situation, a technician violently verbally attacked 
one of us in the presence of several of his peers for leaving one fire spot burning. Tired from an 
hour of directing the fire suppression and regaining control of the operations, extraordinary self-
discipline and control was required to calm him down and show him by observing the 
instrumentation that the control fire was helping to reduce other hazards and would safely 
extinguish itself at the appropriate stage so as not to be a source of a second fire. 
As a final character trait for which our engineering students are responsible, we select that they are 
responsible for being “pure in their heart” and humble. The Old Testament, especially in the 
Psalms and Proverbs9, frequently admonishes us to be pure in heart. Jesus said, in the Sermon on 
the Mount, “Blessed are the pure in heart, for they will see God.”10 We need to lead our 
engineering students to think and respond to people with Christian principles foremost in their 
minds and hearts, to confront issues with the Christian principles paramount in their thinking and 
not to succumb to the popular modicum of the day as a way of moving forward. Again, at the 
Sermon on the Mount, Jesus taught “Blessed are the meek, for they will inherit the earth.”11 The 
“meek” here are not those that lack courage, conviction, etc. but rather those that are humble and 
do not put themselves before others, those who think about where the other person is coming from, 
or how this situation looks to them, before responding, those who seek to define the best step to 
take to move the situation forward rather than launch into a defense of themselves or an offense for 
their interests. Imbuing students with this responsibility is one of the toughest challenges in the 
development of their character; many come from very competitive school situations where they 
were ahead if one of their cohorts was behind. Approaching a situation with the responsibility to 
contribute with the humbleness of a child12 is challenging. Learning to be humble and to operate 
with a responsibility for a pure heart is very challenging for them. 

Their Otherness 

The second hierarchy of character development that we have chosen to focus on is otherness as 
demonstrated by caring, fairness, respect, prayer, service, love for one another, forgiveness, justice 
and mercy. Otherness means having a focus away from yourself and seeing your mindset and 
activity as meritoriously focusing on helping and benefiting others, either as individuals, a group or 
society in general. 
 
Caring is the feeling of unease or trouble or the anxiety for another’s state or possible outcome. 
Caring is the fundamental mindset of fear for another’s state which is strong enough to activate us 
to ameliorate the possible pain or loss of the other person, group or the whole society. So, caring is 

                                                 
9 Psalms 24:4, 51:10, 73:1, 73:13 and Proverbs 20:9, and 22:10-12. Bible citations in this paper are from the 
NIV 
10 Mathew 5:8 
11 Mathew 5:5 
12 Mathew 18:1-4: “At that time the disciples came to Jesus and asked, "Who is the greatest in the kingdom 
of heaven?" 2He called a little child and had him stand among them. 3And he said: "I tell you the truth, unless 
you change and become like little children, you will never enter the kingdom of heaven. 4Therefore, whoever 
humbles himself like this child is the greatest in the kingdom of heaven.  
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not to be confused with sympathy or even empathy. Caring is foundational to the Christian life. 
Caring is manifested in Jesus’ charge to his disciples: "A new command I give you: Love one 
another. As I have loved you, so you must love one another. By this all men will know that you are 
my disciples, if you love one another.”13 
In recent times, caring has been appropriately extended to creation care. For years we have lived in 
our environment in ignorance and blithefullness about the way we were part of the entire global 
process. Fortunately, that mindset is changing because of a fear of the outcome for ourselves, 
others globally, and our offspring; because of this caring, people around the globe have been 
energized to act to relieve the pain that a damaged creation could bring—to care for creation. 
Oddly, our Bible is filled with admonitions to care for our creation, beginning with Genesis “The 
LORD God took the man and put him in the Garden of Eden to work it and take care of it.”14 
Creation care is a wonderful and challenging example of a specific care that we instill in our 
engineering students. For example, in their senior projects they are challenged to identify how their 
project demonstrates caring and stewardship; our goal is to instill and otherness of caring for God’s 
people and creation. 
Another aspect of otherness that we wish to instill into the character of our students is an 
orientation toward fairness. By fairness, I mean impartiality in the process, or lack of any self-
interest in the process. We feel that we have done God’s work when we have made a decision on 
the basis of the merits of the situation using the existing rules or laws. Our Old Testament is filled 
with addresses to fairness, through the Pentateuch to Proverbs, principally. Paul challenges the 
church at Collosus with being fair: “Masters, provide your slaves with what is right and fair, 
because you know that you also have a Master in heaven.”15 The basis here is a supreme judge who 
is totally fair and that we should imitate. 
Shifting in otherness just a bit, we also wish to develop a strong sense of respect. By respect, we 
mean having esteem or deferring regard for those with more knowledge and competence in a 
particular arena than the individual has. While humbleness or humility is being responsible for 
lowering yourself below others, respect (as a verb) is the idea of lowering yourself below others but 
also being willing to draw yourself up beneath them to function effectively to achieve a result. The 
most common respect charged in the Scriptures is respect for elders. For example, “Each of you 
must respect his mother and father, and you must observe my Sabbaths. I am the LORD your 
God.”16 “'Rise in the presence of the aged, show respect for the elderly and revere your God. I am 
the LORD.”17 Paul admonishes the need for respect in many instances including in the final 
instructions to Titus Paul says: “Teach the older men to be temperate, worthy of respect, self-
controlled, and sound in faith, in love and in endurance.” Paul’s guidance echoes many of the 
characteristics that have already been cited as goals for our character development efforts. 
Another aspect of otherness that we wish to instill is prayerfulness or a need to turn to God. We 
teach our students that prayer need not be some formal act that takes place in the Chapel or by 
their bed at night, or at meal times, but rather prayer is talking with God about what is on your 
mind and in your heart at any moment. Prayer is not worrying or grumbling, but an honest, 
thoughtful engagement with God. Such prayer is easy, because God is all around us with His 
omnipresence. Prayer is not just talking, but also listening. One of us tells our students about a 
good friend whom we much respect and care for; he is a Jain, a member of an Indian religion, 
which claimed Gandhi as one of its members. By his religion, he never prays with the self-centered 
interest so common in Christianity. He does not even deign to speak to God. For him, prayer is 
listening intently and closely for the will of God. He has sensitized me to even being uneasy in The 

                                                 
13 Mathew 13: 34-35  
14 Genesis 2:15 
15 Colossians 1:4 
16 Leviticus 19:13 
17 Leviticus 19:32 
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Lord’s Prayer with the seeming dictatorial line “Give us this day our daily bread.” What we want to 
instill in our engineering students is a strong sense of otherness about themselves that commands 
that they seek to talk with and listen to God—a God who loves them and seeks to help them put all 
of their talents to work to serve his world. 
Service is the complete physical manifestation of otherness in our character. Service is the decision 
to deploy some of our time (which could be directed to our own interests), knowledge, talents and 
skills to help others who are—at least at the moment—less fortunate than we are. Blessedly, most 
students that come to engineering in Christian colleges are favorably oriented toward service as an 
integral part of their lives. From their first semester to throughout their last year, most engineering 
students are directly or indirectly involved in helping the underprivileged, a church, a mission, etc. 
And, most leave college with some commitment for service, from a mission to the Peace Corps to a 
church plant. However, their concept is often limited to service being something that is done at a 
distance. We try to teach our students that service also means helping one another. Demonstrations 
abound that students learn abundantly from one another as well as their professors. Getting students 
to see that service includes teaching and learning from one another is important is sometimes a 
challenge. 
A fundamental aspect of otherness for Christians must be love for one another. Love for each 
other can be viewed as a specific form of caring—but this characteristic that Jesus charges us to 
take on is more than caring. Love requires action without any evaluation of the benefit to the 
caretaker. This aspect of otherness takes on extra meaning. To teach this characteristic to 
engineering students, we will often take the example of marriage—as mention of this topic to 
about-20-year-olds, gets most interested—or, at least, listening. Then, we ask them if they can 
recall friends talking about how after being married they will have someone to do something for 
them, like “cook,” “run errands,” or “manage the finances?” Of course, all recognize these phrases. 
Then, we point out that marriage is about two people joining together to put something into their 
union; but these phrases are about getting out of the union. Little more needs to be said as they 
realize the danger of even marriage not being enough of love for one another. Completing this 
picture by describing the inevitable disaster that results when each mate is trying to maximize their 
individual gain from the marriage is hardly needed. 
A gap in our characters that often gets in the way of love for one another--and other needed 
characteristics—is forgiveness. Forgiveness is so much love for another that you are willing to let 
go of all expectation of recompense or reward or even sympathy or empathy for the hurt, slight, 
mistreatment, or unfairness brought on you by another. Forgiveness is the otherness talent to put 
aside yourself completely in an adverse situation without any residual emotional or physical 
expectation. Forgiveness is an enabling capacity to move on with your responsibilities, 
outwardness and other aspects of good character without any hobbling from within in the 
deployment of your knowledge, talents and skills. Our  Scriptures is rich with admonishments of 
the importance of forgiving others. Jesus taught directly the importance of forgiveness: “For if you 
forgive men when they sin against you, your heavenly Father will also forgive you.”18 And, “. . . if 
you do not forgive men their sins, your Father will not forgive your sins.” Furthermore, Paul 
frequently admonishes others to forgive those that they think have burdened them in some way and 
Paul demonstrates his commitment to forgiveness by often asking for forgiveness and indicating 
that he has forgiven others. 
Otherness is concluded with justice and mercy—two sides of one coin. However, these obverse 
terms are paramount in today’s public debate. Many people who cannot meet the other aspects of 
otherness in their character hold strong conflicting positions based on justice or mercy. No place is 
this conflict more evident than in debates between some people with roots in the Middle East/Asian 
region and the West. So very hard is the challenge to teach that justice and mercy are appropriately 
applied when the net effect is to move ourselves more closely toward the life that God commands 
                                                 
18 Mathew 6:14 



Engineering Orientation: Character Development in Developing Engineers 

 

File: 3BSykes VanAntwerp  Page 9/10 

of us. An example of the blindness to sensibly balancing justice and mercy is a recent news item: 
two men (in the Middle East) got in a fight (already a problem!). In the course of the fight, one 
caused the other to be paralyzed. The offender is heartily sorry and wants to make amends by 
helping the harmed. However, the harmed, and friends, are trying to find some medical personnel 
who will violate the Hippocratic Oath and will paralyze the man who harmed him!  
Our Scripture speaks often of the importance of justice. Jesus taught the importance of justice 
while maintaining other aspects of a good life for God when he said, "Woe to you Pharisees, 
because you give God a tenth of your mint, rue and all other kinds of garden herbs, but you neglect 
justice and the love of God. You should have practiced the latter without leaving the former 
undone.”19 
Mercy is the act of forbearance or leniency toward someone, particularly someone that is below us. 
Mercy addresses the situation where we cannot humble ourselves below another person. Mercy 
especially applies to those situations in which fairness coupled with forgiveness can lead to far less 
imposition upon the offender than would seem merited by justice. Mercy examples abound in the 
Scriptures: Jesus often yields to pleas for mercy and seeks mercy for others. Paul admonishes us to 
give mercy in most situations as in speaking to the Romans when he says: “Do not repay anyone 
evil for evil. Be careful to do what is right in the eyes of everybody.” Teaching students to think 
“wholistically” about the issue of justice and mercy is challenging. In their immaturity, they often 
seek justice for others and expect mercy—exclusively--for themselves. 

Their Outwardness 
The selected structure for addressing the development of character in our engineering students has 
moved from developing Responsibility, to advancing an Otherness orientation and closes out with 
developing an Outward orientation. Compared to an Otherness orientation, which addresses how 
we engage with our world close to us, and Outward orientation addresses how we engage with the 
greater world around us. While service could have been included in this category, service seems to 
more appropriately fit in the Otherness arena. An Outward orientation includes citizenship, and 
attitude of joy and hope, and a commitment to work for peace. 
 
Citizenship is a critical component of an outward orientation.  Citizenship is the combination of 
rights, duties, responsibilities and obligations to participate and contribute constructively to a 
defined group. By being in the group, the citizen—the person willing to be defined as being in the 
group—incurs some rights, duties, responsibilities and obligations. For students, their citizenship 
world is expanding at breakneck speed. First, they find themselves in a college for which there is 
citizenship. Then they find themselves in a dorm assemblage, which again requires citizenship. 
And, then they find themselves in some academic pursuit that again expects citizenship of them. 
Most find quickly after arriving at college that they are voting citizens for their home base. And, 
then they are citizens of sports teams, clubs, prayer and Bible study groups, etc. The picture is not 
complete, but enough so that one can see the bewildering demands placed on a college student 
who, until entering this arena, had far less demands of citizenship upon them. What guidance can 
we give an engineering student facing this challenge? 
Citizenship requires one to become conscientiously aware and articulate about the rights, duties, 
responsibilities and obligations of all the citizen opportunities before them. As counselors, we are 
obligated to help them realize what is happening before and to them and to bring up the other 
aspects of their character development that engage any particular citizenship. Thus, an engineering 
student who becomes a voting citizen needs to develop skills for paying attention to political and 
social developments in the realm from her or his home base to the entire nation. Acquiring and 
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assimilating news and unbiased facts about issues and candidates becomes a duty and obligation 
not previously encountered, for many. 
Citizenship is not patriotism. Patriotism is all the attributes of citizenship deployed uniquely in 
favor of the citizens. The problem with patriotism is that it is oriented to creating and maintaining 
boundaries; patriotism favors separating people on the basis of geography, ethnicity, religion, 
interests, . . .. Patriotism is contrary to Jesus’ charge to us to love one another, care for each other, 
etc. because it creates subgroups of God’s people who get more or less than others. For this reason, 
patriotism is rejected as a module of citizenship. 
Joy and hope are fundamental character attributes that we need to develop in Christian engineers. 
Joy is the emotion of feeling very good, or seeing success, or anticipating acquiring something that 
is deeply desired. Joy should be the expanding delight in the wondrous world that God has created 
before us and the great opportunities for us to understand, appreciate and deploy this creation to the 
benefit of God’s people. Closely coupled with joy is hope. Hope is the emotion of desire with the 
expectation of achieving the desired thing, event, or goal. As children of God, with sensible hopes 
based on a solid Christian character and living with the expectation of the blessings and grace of 
God to counter our faults from The Fall we live in a constant aura of hope. 
We could not complete the development of the Christian character without requiring that the 
outward orientation include an obligation to work for peace. The lack of peace is one of the 
greatest dividers of God’s people from God. Throughout the Scriptures, examples of people 
working for peace and achieving peace are given. Jesus taught the importance of peace in 
numerous instances. One of the sharpest occurs at the conclusion of an enumeration of what a 
follower (a Christian) must do to be differentiated from others; it concludes with this succinct 
expression: “Salt is good, but if it loses its saltiness, how can you make it salty again? Have salt in 
yourselves, and be at peace with each other."20 Teaching our engineering students the merits of 
working for peace as their engineering takes them across the globe is naturally required as part of 
developing an outward orientation in their character.  
 
          JAS /JVA June 2011 
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Introduction

The responsibilities of a new engineering educator are numerous and time-consuming. Serving in a new
engineering faculty role at a Christian institution typically includes heavy emphasis on teaching that is
common at such institutions geared primarily towards undergraduate education. In addition, instructors at
Christian institutions tend to view their service as an engineering educator as only one of many vocations
that God is calling them to at any given point in their life, among other tasks and roles that go along with
marriage, parenting, kids’ activities, church, community, etc., not to mention taking the time for Sabbath
rest. Development and implementation of methods that allow both new and experienced Christian
engineering educators to serve their students more effectively are invaluable. In addition, careful thought to
effective methods early in the career of an educator can result in improved efficiency later on, as less time
is required after-the-fact to rewrite lectures or struggle through major overhauls of courses.

This paper has been developed by two young engineering educators at two different CCCU engineering
programs that attended two different teaching workshops to help navigate effective classroom approaches
that make stewardly use of time, both for the instructor and the student. Over the last couple of years, the
authors have evaluated their implementation of these methods and techniques at their respective
institutions. Detailed information on the methods and evaluations are available in Foster and Vander
Werff.1 In reflecting on these methods, it is striking that they model the biblical picture of servant
leadership. Although this servant leadership may manifest itself in a variety of forms in the academic
setting, two distinct areas will be focused on in this paper. First, the more instructors exemplify a biblical
pattern of service in their work and relationships with students, the more effective their teaching becomes.
Specific examples of this type of servant leadership that will be discussed include the use of learning
objectives and group quiz activities that have come to be known as Team Analysis and Reviews (TAARs).
Second, by creating classroom dynamics that encourage students to practice a form of servant leadership
among themselves, instructors can foster and nurture a biblical approach to leadership and teamwork that
will help students engage and learn the classroom material better in the academic setting. In addition, this
manifestation of servant leadership among the students can be used and molded by the engineering
instructor to prepare the students for the years of teamwork and leadership that lie ahead for them as they
serve in the field of engineering.

The Biblical Case for Servant Leadership

The idea of servant leadership is not necessarily one that resonates in our current cultural setting. However,
it is not a new concept, even in circles outside of traditional Christian influence. In 1970, Robert Greenleaf
coined the phrase “servant leadership” in his essay “The Servant as Leader.”2 Greenleaf promoted servant
leadership primarily with a focus on leaders of American corporations, and this tradition is continued today
by the work of the Greenleaf Center.3 One possibility for it not being more prevalent is perhaps the fallen
nature of humans and the tendency to desire fame and fortune over the well-being of others. However, what
Greenleaf realized, while not the inspiration for his work, is that a person who takes a more biblical
approach to leadership will likely have the most success and satisfaction. In fact, many of the servant
leadership traits show up in the “Level 5 Leadership” that Jim Collins highlights as necessary for
companies to go from good to great.4 Broader circles, outside the direct influence of evangelical
Christianity, are recognizing that servant leadership is an effective management strategy. It stands to reason
that such an approach in the classroom will produce similar benefits.



So, what does the Bible say about leadership? Perhaps the best place to start is with the oft-quoted and
perhaps misunderstood Golden Rule. The second half of the Golden Rule, quoted by Christ Himself as the
summary of the law in interpersonal relationships, states that we are to love our neighbors as ourselves (cf.
Luke 10:27–28, Galatians 5:13–14). This concern for our neighbor’s well-being clearly needs to be a part
of an instructor’s relationship with a student or a manager’s relationship with an employee. However, since
it is a very general statement on relationships, a follow-up question is whether the Bible provides us with
anything more specifically related to a leadership role; and as might be expected, it indeed does.

A specific statement of Christ that is pertinent can be found in Matthew 20:25–28:
But Jesus called [His disciples] to Him and said, “You know that the rulers of the Gentiles lord it
over them, and their great ones exercise authority over them. It shall not be so among you. But
whoever would be great among you must be your servant, and whoever would be first among you
must be your slave, even as the Son of Man came not to be served but to serve, and to give his life as
a ransom for many.”

It is interesting to note here Christ’s recognition of the sinful tendency to “lord” leadership over those who
are subject to authority and His direct command to a sort of role reversal.

We see Christ going further than words and providing a concrete active example of this in John 13, where
He washes His disciples’ feet. John 13:12–15 tells us,

When [Christ] had finished washing their feet, He put on His clothes and returned to His place. “Do
you understand what I have done for you?” He asked them. “You call me ‘Teacher’ and ‘Lord,’ and
rightly so, for that is what I am. Now that I, your Lord and Teacher, have washed your feet, you also
should wash one another’s feet. I have set you an example that you should do as I have done for you.”

Of specific interest here is that Christ does not abdicate His role as leader but rather explicitly affirms it;
however, He shows that the way a leader should lead is not in the domineering fashion in which our sinful
human nature wants to lead. A leader that is not domineering is not passive or weak; the servant leader is
still willing to stand strong against injustice as Jesus did by clearing the temple of money-changers (John
2:13–16, Luke 19:45–48).

Paul’s epistle to Ephesians provides another example of servant leadership in the marriage relationship
where we read, “Wives, submit to your own husbands, as to the Lord. Husbands, love your wives, as Christ
loved the church and gave himself up for her” (Ephesians 5:22,25). Although the sinful human tendency is
to take advantage of the other person in the relationship, we again see that marriage requires the sacrifice
and service of both spouses to exemplify Christ’s servant leadership model.

Reflecting on the idea that leadership in itself is not wrong, we are led to consider how then to lead in a
biblical manner if we are called to such a role. Perhaps the best picture of servant leadership can be seen in
how Christ chose to lead His post-resurrection church. Christ’s primary mission for the New Testament
church, of which even we today are a part, is to “make disciples of all nations” (Matthew 28:19). One
might expect that Christ, as Head of His church and in keeping with the model of servant leadership that
He established during His earthly ministry, would be actively engaged on the ground in the spread of the
gospel and in His redemptive work in creation. However, we know that this approach was not in His plan.
Rather, He chose to equip His followers with the gift of His Spirit, as we see dramatically occurring at
Pentecost as recorded in Acts 2. The manifestation of His servant leadership in the mission of His church
was not to take upon Himself all of the work, but rather to provide us, as His workers, with the resources
we need in the work to which He has called us.

It seems that the faculty-student role in engineering education, as well as the team leader-team member role
in the field of engineering, would do well to follow this biblical example. Since we are called as Christians
to be Christ’s servants in all areas of life, should not the idea of servanthood be carefully considered as it



applies to leadership positions? The idea of servant leadership in engineering academia does not mean that
the faculty member makes the learning process easy for the student; rather, it means that the faculty
member provides students with the resources and environment that will enhance their ability to learn and
focus on the subject (see pages 119–123 in Palmer 5). This service approach can provide additional tools
for their own service in the field of engineering.

Classroom Approaches that Foster Servant Leadership

Learning Objectives
One of the best things that instructors can do for themselves and their students is to carefully craft learning
objectives for each lecture. These objectives basically answer the question, “What is it that students need to
know and to what depth?” Course-level objectives that map to ABET outcomes are helpful in defining the
framework for the entire course, but learning objectives at the lecture-level help students to zero in on the
material at hand. Learning objectives ask a what question enabling instructors to lead students into the how
of their education.6

So what do these learning objectives look like? There are several resources for developing learning
objectives,7,8 but a basic starting point is to finish the phase “Be able to....” To focus the intent and clarify
the level of understanding, the verb that comes next in the phrase should flow from (The Revised) Bloom’s
Taxonomy for cognition.9 (See Foster and Vander Werff 1 for more details.)

With learning objectives in place, four areas of course preparation and administration benefit.8 Objectives
help to...

1. Identify and classify course material. At this point, Bloom’s Taxonomy can play a key role. If you
identify a lot of low-level material (e.g., memorizing definitions), move it to a study guide rather than
spending time on it in class. If you find a dearth of high-level material, work to add at least one
higher cognitive activity each time the course is taught.

2. Make lectures, in-class activities, assignments, and exams coherent.

3. Provide a study guide for students, i.e., let them know what they should know. You can even point
back to specific objectives after exams if students complain they did not know what would be
covered.

4. Tell faculty colleagues what they can expect students who pass this course to be able to do (to a
depth of more than just course-level objectives).

By focusing the efforts of the instructor and communicating expectations openly and clearly with students,
the leader can become a servant that equips the students for success.

TAARs
The “Team Analysis And Review” (TAAR) is an active learning technique that one of the authors has
developed based on team-learning concepts similar to methods in use by Dr. Larry Michaelsen10 and Dr.
Brent MacLaine.11 In brief, a complete TAAR is accomplished in three stages: (1) students individually
work through and turn in a short quiz, (2) students work through and turn in the same quiz in groups of four
or five, and (3) the entire class is led by the instructor in a discussion of the same quiz. During the course of
a typical semester offering in which the author is utilizing TAARs, quiz administration occurs on a
(approximately) biweekly basis.

A complete discussion of the implementation and benefit of TAARs can be found in Foster and Vander
Werff,1 but the important aspects and points pertinent to the servant leadership discussion will be briefly
summarized here. One of the main keys to the success of TAARs is the way groups are formed. The
author’s experience seems to show that the best team dynamics and learning environment occur when



groups are formed relatively carefully according to personal skills and characteristics and when the groups
are held constant throughout the duration of a semester course. In the context of servant leadership, it
seems likely that this recipe for success is related to how individual gifts and tendencies most effectively
serve the group and to how student members develop relationships that allow them to best serve their
group. Another important component of successful TAAR implementation is the formation of the quiz
questions. The instructor needs to take care to form the questions that are based on crucial course concepts
and that are formulated in a way that promotes discussion, interaction, and engagement among the
students. (Note that concept inventories12,13,14 for typical engineering course subject matter, are excellent
resources for developing such questions.) Both of these aspects are a reflection of the instructor seeking to
serve the students effectively in the use of this technique. Other manifestations of servant leadership in the
context of the TAARs will be discussed in more detail in the following sections.

Servant Leadership in the Faculty-Student Relationship

Learning Objectives
As with leaders in industry, instructors need to pass on a clear vision of what is to be achieved. Learning
objectives help to clear the road of ambiguity and lead to understanding. Through preparing and clarifying
our goals to the appropriate level of cognition, we in a sense are working for those who are working for us.
This is the “contrarian” advice that Steven Sample heeded when working with his executive team as
president of USC.15 He had learned that a leader should enable “lieutenants” to do the fun and important
work, i.e., he was there to be their best staff person, clearing the way for their success.

The enhanced focus on key aspects of the material that learning objectives can provide was evident to an
author recently in a review for an exam. In the midst of solving one of the review problems in a group, a
student called out, “When did we ever learn this?” The author replied by pointing out that since the
problem contained concepts that the class had focused on in earlier classes, the aspects of the problem that
had caught the student off-guard were just geometry-specific applications. The class had spent the in-class
portion of the course on the concepts, knowing that the particular application of those concepts did not
require as much instructor-led learning; students were expected to learn on their own how to apply the
concepts to applications not covered in class.

It seems that we can rephrase the title “Servant Leader” in a way that provides a role description: leading
by/through serving or serving the leaders under one’s charge, or using Greenleaf’s description, “The
servant-leader is servant first.”2 So, how can we best serve our students? The authors believe that providing
clarity of the challenge to be met helps to organize a structure for learning that can explore deeper concepts.

TAARs
One of the primary ways that TAARs reflect a servant leadership mentality is that they shift the focus of a
class away from the instructor, who in a traditional lecture-style class setting tends to be at the center of
attention more frequently, to the subject of study and interaction among the students. However, the authors
feel it is important to clarify that they do not regard the lecture-format to be inherently non-servant
oriented. Indeed, those who are fantastic lecturers can absolutely be servants to their students by
motivating them to go back to their dorm rooms and dive into the material. However, instructors who find
themselves more interested in self-promotion and self-adulation by their wonderful lectures, while
forgetting that they are primarily serving the students, might benefit from a move to a more active-learning
oriented approach. Also, instructors that are truly well-meaning in trying to serve the students, but find
themselves struggling to engage students in traditional lecture-format classes, may be well served by
incorporating an approach similar to the TAARs or another active technique. Servant-oriented approaches,
be they thoughtful and effective lectures or more active-learning techniques, will likely enhance student
comprehension, improve student evaluations, and lead to better relationships with students. The authors



posit that this tendency reflects an approach that is more normative (or biblically obedient) than a
self-centered approach that carries with it more baggage from the sinful effects of the Fall.

Another way that the TAARs reflect servant leadership is in the instructor’s preparation of the quizzes.
Although the in-class attention is to some degree diverted away from the instructor, the work and diligence
of the instructor in preparing the TAARs is vital to successfully serve the students. First, in order for the
TAARs to be most beneficial to students, the instructor needs to carefully consider the concepts that will be
covered on a given TAAR exercise. (Concept inventories, cited above, are a great place to start.) Any one
TAAR quiz has to be written to be about 15 minutes in length in order to allow for the three separate stages
to fit into a typical 50-minute class period. Any instructor knows that 15 minutes is not going to be
sufficient time to cover the depth and breadth of course content that is covered in a typical one- to
two-week time frame. Therefore, the instructor needs to take care to cover those concepts that will be most
influential in the development of the student and most helpful in showing the student how this course
content will help them serve in their future work as engineers. Beyond the material covered on the TAAR,
the instructor also needs to carefully consider the formation of the individual questions, whether they be
multiple choice, true/false, or short answer. They should be written in such a way that requires critical
thinking and provokes discussion among the students; thus it will engage them in the material and serve
them in improving their learning process and developing as team members.

The manner in which the TAARs are facilitated by the instructor also plays an important role in how
students respond to the activity. Although the author has typically scored the TAARs as a graded course
component to provide extrinsic motivation for student participation, the primary purpose for them is not to
evaluate student understanding but rather as a learning and development tool. The author has found that the
attitude and atmosphere under which the TAARs are presented can play a surprising role in the students’
attitude towards them. If the instructor downplays their importance, then students will also tend to put forth
less effort and thus glean less benefit from them. However, if the instructor overly emphasizes the scoring
(graded component) aspect of the TAARs, students may tend to participate in a completely pragmatic
fashion that downplays the development of individual understanding and group interaction. Thus, they end
up focusing entirely on the final score and not the process. Care must be taken by the instructor to facilitate
the TAAR sessions in a manner that fosters learning during the group interaction.

Servant Leadership in Student Interaction

TAARs
Reflecting upon why the TAARs have proven to be a valuable developmental tool in engineering education,
we find that, in their most basic form, TAARs use a primarily self-centered initial motivation (a good score
on a quiz as a component of a good grade in the course) to develop and nurture more selfless interaction
among team members. This enriched outward focus is demonstrated as team members build up and
encourage each other, which results in better performance for the group. So, it appears that the TAARs, in a
way, transitions students away from a more selfish approach towards a more selfless approach. The authors
suggest that, when viewed in this light, the success of the TAARs is not surprising. Similar to Christian
engineering education, which seeks to show students how to serve as Christ’s agents in His redemptive
work of a fallen creation, TAARs help move students from a sin-tainted, selfish approach to a
servant-oriented approach that is normative.

Class Discussion of Servant Leadership
One of the authors has devoted specific class and discussion time to the topic of servant leadership in
teamwork situations. While the initial discussion was focused more on teamwork in general, as the
discussion developed it moved more specifically to how Christians should think of leadership and how our
thinking on leadership tends to be tainted by the world as it is less reflective of biblical leadership than we



might expect. The discussion was initiated by assigning the students to read a couple of short handouts on
teamwork16 that were not explicitly Christian or biblical but were helpful in reflecting on teamwork. The
students were then asked to write a short reflection on how their God-given gifts and tendencies might be
suited for teamwork situations. The assignment was couched with the comment that the instructor was not
looking for specific right or wrong answers but was just looking for fodder for thought and further
discussion related to teamwork.

The author found the students’ comments regarding their strengths and weaknesses in teamwork situations
to be very interesting. It is helpful to note at this point that this group of students consisted of all
engineering students, mostly seniors with a handful of juniors, and that it was during the spring semester,
so most of these students were nearing the end of a successful navigation through a difficult engineering
curriculum. Thus, it is perhaps not surprising that most of the students thought they had the gifts and
tendencies that would make them good leaders. What may be even more interesting is what gifts and
tendencies were highlighted by these students. Although these students were completing a four-year
engineering program at a Christian institution that includes a heavy core curriculum and very carefully and
deliberately interweaves biblical perspective and discussion throughout all its courses, the responses from
these students could have just as well been responses at any leadership seminar hosted at any one of
thousands of corporations around the country. Typical traits highlighted by students for why they would
make good leaders included responses like, “I like to take control,” or “I am a stickler for details and like to
make sure things get done correctly,” or “I have a good grasp of fundamentals and know what direction a
project should move in.” Only one or two students even touched on the idea of being more of an “enabler,”
equipping other team members with encouragement, ideas, and environments that are conducive to their
needs and consequently more productive for the team.

Thus, the table was bountifully set for the ensuing discussion of servant leadership. The author began the
discussion by first allowing the students to discuss what they had written and what their thoughts were on
teamwork and leadership. After a short time, the discussion was led in the direction of the biblical case for
servant leadership presented above. The author found the students’ reaction both fun and interesting; they
began to think more carefully about leadership and about how it is so easy for our thoughts and tendencies
to be formed more by cultural observation and immersion and less by biblical, Christ-like direction.
Further encouragement came at the end of the semester when the author read several unsolicited comments
from different students on how the discussion of teamwork and servant leadership was eye-opening and
character-building for them. As a result of this experience the authors, as well as a key voice in the servant
leadership community,17 recommend this exercise (or any activity that provides some overt exposure to
servant leadership) as a great start to help our students, who are up-and-coming servants in the field of
engineering, reflect carefully on their God-given gifts and their biblical duties and callings to be servant
leaders.

Servant Leadership in the Field of Engineering

We have already made the biblical case for servant leadership and have explored how the concept of
servant leadership can be a very helpful paradigm from which engineering educators can view their roles
and relationships with students. We have also explored how the idea of servant leadership can be used to
foster helpful relationships and learning environments among the students. However, can this idea of
servant leadership move successfully beyond the halls of academia and into the design offices and research
laboratories of our graduates?

Countercultural
First, we need to recognize that, despite some movement in the area of servant leadership through the work
of Greenleaf3 and others,18 the idea of servant leadership remains foreign to our culture as a whole.



Wikipedia’s entry entitled “Management Styles,” which is probably a decent snapshot of current cultural
thinking on a given topic, highlights five types of management: autocratic, paternalistic, democratic,
laissez-faire, and “management by walking around.”19 While a couple of these styles have hints of servant
leadership, all of them are geared more towards how leaders make top-down decisions and less towards
how leaders equip those under them to serve well and facilitate the effort of the team. Thus, servant
leadership is not something with which engineers in the workforce are going to be immediately familiar,
either in knowledge or in practice. However, since servant leadership is a movement in a more normative
direction, it should be a concept that resonates well and gains traction if Christians begin to utilize such
concepts and, to use biblical metaphors, are leaven (Luke 13:20–21), salt, and light (Matthew 5:13–16) in
their particular field of influence.

Practical
Based on biblical guidance and examples already discussed, servant leadership should be a more effective
approach than a more selfish, top-down approach. Therefore, from a pragmatic standpoint, servant
leadership has a lot of appeal because it will likely produce better teamwork and better results than more
conventional managerial styles. Recall how the TAAR exercises use a potentially self-centered initial
motivation to cultivate and nurture more selfless behavior that benefits the team as a whole and in the end
brings long term benefits to the individual also. The authors suggest that similar benefits will be realized in
an engineering team environment if servant leadership principles are engaged and promoted. Specific
mechanisms for employing servant leadership in the engineering environment are vast and varied and
depend greatly on specific situations; developing such ideas and evaluating their effectiveness could easily
be the topic of further research and investigation. However, in general, it seems that the success of applied
servanthood in the classroom and academic environment could be translated and adapted to leadership
roles in engineering work in industry and research.

Obedient
Never mind the possibility that servant leadership may be countercultural, a challenge to the norm, and is
very likely more effective than traditional managerial techniques. What should truly motivate the Christian
in an engineering-related teamwork role is whether the idea of servant leadership is a biblical, obedient
approach to teamwork and leadership. This desire for obedient action and response brings us, full-circle,
back to the biblical case for servant leadership. We have already taken a careful look at Scripture to see
how servant leadership was carefully taught and practiced by Christ, both in his earthly ministry as well as
in the post-ascension expansion of His New Testament church, of which we as Christians today are still a
part. As Christians, we are not called to be team members that lord our abilities over those with whom we
are working or control those who may be subject to our leadership. Rather, we are called to be servant
leaders that neither abdicate our leadership responsibility nor bear the burden of all the work ourselves. If
we equip our team members with what they need in their individual roles to serve most effectively and
obediently, we will find our team serving more effectively and obediently.

Conclusion

We have discussed how Christ taught and practiced servant leadership and how it is a biblically obedient,
normative response for a Christian in a teamwork situation or in a leadership role. We have looked at how
this idea of servant leadership can be employed by an instructor in an engineering curriculum and how
successful teaching techniques such as the use of learning objectives or team-based learning truly
exemplify servant leadership. We have also explored how servant leadership could make a difference in the
broader engineering world.

We recognize that we live in a fallen world that is tainted by the effects of sin. It may be difficult and
time-consuming for the instructor to carefully implement active-learning and servant leadership techniques



in the classroom. However, we believe that the long term benefits of improved effectiveness and efficiency
for both students and faculty, once such techniques and approaches are in place, are worth the possibility of
additional time and difficulty in initial implementation. It may be more difficult for Christian engineering
managers to equip their employees to serve well rather than just bearing the burden of the load themselves
or lording their authority over their team members. However, since servant leadership is a more biblical,
more obedient, more normative approach, we believe that working hard to exercise servant leadership in
the classroom and in the workplace will reap benefits of effectiveness, efficiency, satisfaction, and most
importantly, service and glory to our great God, the Creator, Sustainer, Redeemer, and Equipper.

It seems appropriate to close with a well-known children’s song that offers a simple, yet profound, prayer.
Note that as we pray these words, we are not asking God to let us do the work of the “weak” (i.e., our
students or those who are working with or under us), but rather “lift up” (i.e., equip) them. We pray that
God will place this prayer upon our hearts as educators and engineers and make these words effective in
our lives.

Make me a servant, humble and meek.
Lord, let me lift up those who are weak.
And may the prayer of my heart always be:
Make me a servant, make me a servant,
Make me a servant today.20
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Abstract 
Since 2008, in Korea, the Handong Innovation Center for Engineering Education (HICEE) and the 
Korean Christian Forum in Science and Engineering (CFSE) hold a national engineering design 
workshop for college students every summer, which is called “Engineering Design Academy for the 
Other 90%.” The purpose of this workshop is to equip Korean college students with the mindset for 
the social responsibility of technology, especially for appropriate technologies and practical design 
skills for the poor people in the world who do not get the benefits of the modern science and 
technologies. In this paper, we propose a new model for the engineering design workshops where the 
students work on the very realistic problems explained by the actual clients directly from the 
developing counties.. In the third Engineering Design Academy, 2010 summer, we had 20 persons 
from developing countries as clients who were invited for leadership training at the Canaan Farmers 
School, Wonju, Korea. The participating students showed more activeness and the design workshop 
become more livelier when the students get the information about the problem and the feedback 
opinions for the students solution directly from the clients. Survey results from the academy showed 
that 79% of the students evaluated the role of clients very positively. 

 

Motivation and Background 
Appropriate technologies concern sustainable development, cultural health of local communities, 

and environmental safety. Alternative technology or intermediate technology is a similar term used to 
refer appropriate technologies. Its origin is from the book titled “Small is Beautiful” written by E.F 
Schumacher [1]. In this book Schumacher pointed out the problem of applying western modern 
massive technologies to the developing countries because the one-way technology transfer may 
destroy the social community and environments.  

Appropriate technology means a technology that is appropriate to the local community and is applied for 
services and products. These sorts of technologies are appropriate to the society in terms of economic, cultural, 
natural, and environmental contexts. It is one of the directions of the community development for the 
developing countries. 

For undergraduate engineering students a team project to develop an appropriate technology for a local 
community in a developing country is a challenging task since it requires basic engineering system design skills 
with creativity as well as understanding of their lifestyle, culture, natural and social environments. Also it 
provides an excellent opportunity for Christian engineering students to integrate their faith, learning, and life or 
to learn how to do engineering Christianly. These appropriate technology projects are very suitable for the 
global service-learning programs.  

Handong Global University, a Christian university in Pohang, Korea, recently established Handong 
Innovation Center for Engineering Education (HICEE). Since one of the goals of HICEE is to foster Christian 



global engineers, HICEE developed the global engineering project program for the engineering students as one 
of the service-learning programs, which is done by the most of the Christian engineering colleges in U.S.  

But, as far as we know there was no institution which uses appropriate technology in engineering design 
education in Korea until the spring semester of 2008. So, HICEE, in cooperation with an organization called 
Christian Forum in Science and Engineering (CFSE), planned to start a movement of appropriate technology, 
first, among the engineering colleges and, next, among the Christian engineers in Korea. 

HICEE and CFSE decided to offer a short-term intensive engineering design workshop focused on the 
appropriate technology for engineering students in Korea. We titled the workshop as “Engineering Design 
Academy for the Other 90%” and offered for three consecutive years during the summer breaks starting from 
July 2008.  

By the title of the workshop “for the Other 90%” we emphasized the fact that most of the people in the world 
do not get access to the products and services of modern technologies as Paul Polak said in his book titled “Out 
of Poverty” [3]. However, when we consider the concept of the sustainable development, which is one of the 
goals for the community development using appropriate technology, it is better to develop technologies with the 
local people for the smooth transfer of the technology to the local community. Thus we modified our concept 
from the “design FOR the other 90%” to the “design WITH the other 90%.” 

At the third workshop we were able to invite twenty persons from the developing countries who visited to get 
leadership training program at Canaan Farmers School, Wonju, Korea. We asked them to join the workshop as 
clients for their own real problems in their local community. Thus the concept of the “design with the other 90%” 
was partly accomplished. 

CFSE and HICEE also developed an engineering design competition program using appropriate technology 
for undergraduate students in Korea. Since we opened these workshops and competitions we see now many 
similar workshops and design competitions of appropriate technology held by other higher education institutions 
in Korea. 

In this paper, we introduce the workshop programs details we offered in Korea for three years and 
outcomes we have got from the workshops. We also show how we achieved the transition of program 
idea from the “for the other 90%” to the “with the other 90%”. 

 

Engineering Design Academy for the other 90% : the first and second Design Workshop 
In 2008 the Handong Innovation Center for Engineering Education (HICEE) and the Korean Christian 

Forum in Science and Engineering (CFSE) held the first national engineering design workshop on 
Handong Global Universty campus. We called the workshop “Engineering Design Academy for the 
other 90%”. The workshop was held for three days from the 11th August to 13th August 2008. Eleven 
professors or professional researchers from higher education or research institutions volunteered to 
serve as tutors or lecturers for the workshop attendants.  

We advertised the workshop to most of the engineering schools through the network of innovation 
centers for engineering education in Korean universities. We had eighty-three students from eighteen 
universities for the workshop. The distribution of the major of the attendants showed a wide spectrum: 
mechanical engineering(34%), chemical engineering(25%), civil and construction engineering (15%), 
life science and environmental engineering(14%), electrical and computer engineering (12%). The 
gender ratio was 57% male and 43% female. We organized the design teams as heterogeneous style: 
we mixed the majors, schools, level of learning, age, and gender in a team so that students could 
experience the interdisciplinary co-working and teaming training with persons having different 
backgrounds than themselves.  

The Objectives of the first engineering design workshop for appropriate technology were to 
introduce the concept of the appropriate technologies to the students to let them understand the 
poverty problem and to encourage them to use their learning to solve those problems. study and 
engage the coming service learning programs we are planning to offer in the next years. We 
unfortunately tried to achieve these objectives through a series of lectures in the program. Thus the 
attendants could not have enough time to concentrate on their design work. Following are the title of 
the talks provided by the tutors. 



 Brief review on the engineering design process 

 What is “Design for the Other 90%?”  

 TRIZ: an idea generation method 

 User interface design in engineering 

 Design Challenges (Introduction of Problems to be solved at the workshop) 

 Finding resources for appropriate technologies 

 International development and engineering :global poverty problems 

 Understanding other cultures 

 Engineering Design Philosophy and design ethics 

 Life-long development plan for engineers 

 

The design problems were provided by the tutors beforehand. We processed the cases collected from 
various sources into the engineering design problems. Each team chose its own problem. Through the 
design workshop periods, each team was asked to finish the conceptual design and to present the key 
idea of the selected design from several alternatives. The problems chosen by the student team among 
ten problems were as follows: 

 Eliminating fluorine from drinking water in India 

 Bio-gas generation and reservation in India 

 Extracting Energy and fuel from Olive waste fluid in Tuisia (Africa) 

 Water reservation for irrigation for long period in Africa 

 Removing the inner layer of peanut skin in Zambia (Africa) 

 Protecting the farm corps from wild animals in Korea rural village 

 
Figure 1. Team Discussion for Conceptual Design in second day 

 
On the first day students were assigned to each team and each team decided which problem to solve 

after discussion. Also tutors were assigned to each team. They tried to figure out the design objectives 



and constraints concerning the local materials, cultures, and economic conditions of the specific 
country. Though some information to solve the problem was provided and could be gotten by 
searching the internet, in most cases the information was not enough to finish the design. So we asked 
each team to realistically assume some suitable conditions. On the second day, students performed the 
conceptual design and presented the idea about their design alternatives in the form of a poster 
presentation. The tutors from diverse backgrounds and institutions gave feedback comments about the 
intermediate design results. The students were to modify and improve their designs afterwards. On the 
third day, each team presented their conceptual designs competing for the prizes. The audience asked 
questions and gave comments. We also encouraged the design teams to work more on their design in 
detail and to realize their design for the coming student competition. 

.  

 
Figure 2. Presenting the Design Results in last day 

 
At the end of the workshop, we did survey to figure out the influence on the students. Following is 

a sample of the survey results: 

 91% of students answered “Yes” on the question that “Are you going to recommend this 
engineering design academy for the other 90% to your friends?”.  

 64% of students answered “Yes” on the question that “Are you going to serve as a volunteer 
assistant for next engineering design academy for the other 90% ?” 

 86% of students answered affirmative on the question that “Has your understanding on the 
other 90% improved?” 

 70% of students answered affirmative on the question that “Does the design academy meet 
your expectation?” 

 66% of students answered affirmative on the question that “Are the design problems properly 
selected?” 

The second engineering design academy for the other 90% was held in 2009 with the similar setting 
as the first engineering design academy. But, we extended day one more to give orientation on the 
engineering design to the non-engineering and freshmen students. We added more design problems 
for electrical and computer engineering students such as : “a mobile education system for children in 
the developing countries” or “a fire detection system in mountain area in India”. We also did survey to 
find the effects on the attendance. Following is a sample of the results: 



 94% of students answered “Yes” on the question that “Are you going to recommend this 
engineering design academy for the other 90% to your friends?”.  

 49% of students answered “Yes” on the question that “Are you going to serve as a volunteer 
assistant for next engineering design academy for the other 90% ?” 

 94% of students answered “Yes” on the question that “Are you interested more in the life of 
the people living in the poor countries?” 

 66% of students answered “Yes” on the questions that “Do you want to implement your 
conceptual design into real model if funds are provided?” 

From the survey results of the second workshop we had similar results to those of the first 
workshop. In addition to the same questionnaires as in the previous workshop we added more 
questions regarding the outcomes which what ABET[4] and ABEEK pursue for undergraduates 
engineering students such as design skill, problem solving skill, communication skill, teaming skill in 
interdisciplinary team, understanding the social impacts of engineering design, and global mindset. 
The survey results showed that the workshop also had very positive and significant influence on the 
attendants regarding the abilities and skills required for global engineers. 

 

Engineering Design Academy WITH the Other 90% : the Third Design Workshop 
Though the two design workshops in 2008 and 2009 were appraised as successful for a starting 

stage, a major limitation was in the lack of information about the design problems. Since the design 
problems and topics were artificially generated or collected from the literature and other sources, we 
do not have enough information regarding the context where the technologies are required. Thus the 
students could not set the design constraints and objectives clearly. So, we let the students either find 
suitable information or make realistic assumption regarding the contextual factors. This limitation 
caused much ambiguity in problem definition. Since the problem definition phase is very critical in 
engineering design we needed to find a way to overcome this limitation to make the workshop more 
lively and meaningful to the attendants. Another limitation was that we were very limited to tell the 
appropriateness of the design solution to the context and students could not get live feedbacks on their 
designs from the viewpoint of clients or users who are in need of the technologies living in the 
countries. 

In order to overcome these limitations for the third workshop we decided to invite the person who 
are visiting Korea from developing countries as clients. We could find those people who are the 
students of international leadership training program at the Canaan Farmers School, Wonju, Korea. 
They were invited from various developing countries to get three month long community 
development leadership training as part of an official development assistance (ODA) program by 
Korea International Cooperation Agency (KOICA). twenty persons from the developing countries as 
clients who can supply us the design problems and give feedback. They were government officials, 
local community leaders, researchers, teachers, and farmers from Kenya, Nigeria, Guatemala, Angola, 
India, Philippine, and Laos. 

The major role of the clients was to describe their problems and provide the necessary information 
about the local field by participating in the workshop from the problem definition stage. They could 
provide their own real problems in their countries or local villages they were from and could give 
detailed explanation to our students on the background of the problems, including the specific 
constraints and objectives they desire from the design. Since the participation of the clients from the 
third world was an important advancement we renamed the third design workshop as Engineering 
Design Academy “WITH the other 90%” instead of “FOR the other 90%”. By using the expression of 
“With the other 90%” emphasizes that we design together and collaborate with the clients who need it. 

They had real and vivid problems and could give realistic objectives and constraints regarding the 
natural, social, economic, demographic, and cultural environments and available local materials for 
each problem they provided. So the design problems became more challenging and required higher 



professional level of knowledge and experiences compared to the problems given in the previous 
design workshops. The design problems in this workshop were as follow: 

 Non-electric automatic pump to supply water for high land irrigation 

 Removing the inner layer of peanuts 

 Egg incubator without electricity 

 Eliminating iron in drinking water 

 Eliminating salt in drinking water 

 Low cost Communication system between remote villages 

 Micro GIS software system to show community database 

 Battery powered beam projector 

 Dung cake manufacturing machine 

In this workshop eighty students from thirteen universities in Korea registered. This time we also 
allowed non-engineering students to be engaged in the design process to find holistic perspectives to 
the design problem and the potential impacts of the design solution. 90% of students registered were 
from science and engineering majors and 10% of students were from non-engineering majors. Three 
graduate students attended the workshop for this time. 

The process of the design of this workshop is as follows: 

(1) Collecting the design problem: Several staff members visited the Canaan Farmers School to 
collect the design problems one month earlier than the workshop started. The staff explained the 
purpose of the design workshop and our expectation from them. The Canaan Farmers students 
provided their problems and discussed with our staff to refine the problems. 

(2) Announcing the design problems beforehand: We announced the design problems to the 
registered students beforehand through email and homepage so that the attendants can be 
prepared for the problems to enhance the quality of the design. Also we received the list of their 
preferred problems with priorities from each attendant, which later will be used for the team 
organization. 

(3) Organizing team and assigning problems: We organized teams based on the priorities of the 
attendant’s preference for the design problems. At the same time we tried to make each team as 
heterogeneous in terms of major and backgrounds as possible. We also assigned Canaan Farmer 
students to each team as clients for the given problem. 

(4) Design problem definition session: Students discussed with Canaan Farmer students assigned to 
their design team to find the details of the need from the clients for two hours. They tried to 
figure out the objectives and constraints concerning economics, culture, environments, and 
natural resources. Students use many teaming and idea generation skills to explore the design 
space for each problem. 

(5) Problem solving: Each team performed conceptual design based on the objectives and 
constraints defined with the clients. By the end of this session each team made a poster to 
present their key idea. 

(6) Poster presentation: Students presented their initial design in a poster to clients(Canaan Farmers 
school students) and mentors(professors and professional researchers). During this session 
students can discuss their design ideas with many other mentors and clients. 

(7) Design modification: Based on the comments from clients (Canaan Farmers school students) 
and mentors (professors and professional researchers), students modified their designs and 
prepared the presentation materials to show their final conceptual design. 



(8) Final presentation session: In the evening of the third day, each team presented the final design 
to the clients and clients and mentors. 

(9) Documentation: In the last day morning, each team does design documentation and submitted it. 

 
Figure 3. Defining the design problem with the clients from developing countries 

 

 
Figure 4. Getting feedback on the design idea from the clients from real places 

 
We evaluated the workshop by conducting a survey targeting the attendants. The questionnaires and 

responses are shown in the Table 1. The first attempt at having clients from the real place seemed to 
be successful according to the evaluation. We got the more positive feedback on the overall workshop 
compared to the feedback from the previous two workshops (98% affirmative response on the fifth 
question). 

 
Table 1. A survey result from the attendants of the third design workshop 

No
. 

Questions Affirmativ
e Answers 

Negative 
Answers 

1 Was the communication with clients good enough? 37% 22% 



2 Did the clients perform their part effectively? 79% 2% 

3 How do you evaluate the appropriateness of the design problems that 
were provided and presented by the clients from the developing 
countries? 

80% 8% 

4 Did the quality of this academy meet your expectation ? 77% 0% 

5 Are you willing to recommend this academy to your friends? 98% 2% 

6 Are you willing to serve as a volunteer assistant for the next 
academy? 

58% 42% 

 

Concluding Remarks 
Appropriate technology workshop – “Engineering Design Academy For/With the Other 90%” was one of the 

attempts to implement a Christian version of engineering education with global perspective at Handong Global 
University together with Global Engineering Project program of HICEE. Serving the people in need with our 
engineering skills is one of the easiest ways for engineers to experience the integration of faith and engineering.  

Especially appropriate technology is a very effective tool to teach how to do engineering Christianly. Since by 
focusing on the appropriateness of the technologies we develop for the local people and community we can help 
students to develop their Christian view on technology and engineering design. That’s why we have included a 
lecture “Engineering Design Philosophy and Engineering ethics” in the workshop. 

Since all tutors who volunteered to serve the students were all aware of these points, they advised and 
challenged students to consider and analyze the effects of the developed technologies to the people and 
communities over there economically, environmentally, and culturally. Considering and analyzing these effects 
engineering students feel the need to understand the life, the society and the culture of the people over there. 
This way we can challenge the students to be global.  

We decided to operate the whole workshop in non-religious format and not to limit the attendants to be 
Christian, since the ideas and intentions and operation principle of this workshop are very Christian and it is 
very important for Christian to learn how to collaborate with non-Christians for the Christian purpose. Another 
reason is that this workshop was partly supported by the governmental fund. Though we didn’t survey the 
religion of the students, we estimated the Christian attendant ratio be above 70%.  

Another intention for starting this nation-wide workshop was to spread the spirit of serving our neighbors 
with engineering skills among the engineering students and professors whether they are with Christian schools 
or not. After the start of this appropriate technology workshop for college students a movement was ignited to 
help the developing countries through their engineering skills.  

Engineering colleges are starting their own service-learning courses and oversea engineering service projects. 
NGOs and companies started several college student competition programs on appropriate technology. 
Government and development NGOs are starting to launch programs and projects utilizing the appropriate 
technology concepts. Also this movement caused the recent creation of research centers in the universities and 
NGOs such as “Serving and Technology International(STI)” and “Engineers and Scientists without 
Borders(SEWB).” Even a paper session for appropriate technology was created in the conference of “Korean 
Engineering Education Conference.” 

In the third design workshop we implemented the concept of “design with the other 90%” by inviting clients 
who are from the developing countries. The clients not only provided very realistic problems and related 
information but also interacted with students during the design process. Because of the presence of the real 
clients students became more active in their design work and showed more satisfaction with the workshop. Also 
they contributed for the attendants to learn the importance of the understanding people and culture for better and 
humane technologies, which the Christian engineers must pursue. 

The next challenge for us is to secure stable channels through which we can have clients from the developing 
countries, since the international leadership training program of Canaan Farmers School does not open regularly. 
Currently we are looking for the students from the developing countries who are studying in Korea and seeking 
international NGOs to cooperate to hold the workshop with us. 
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Abstract 

 
The techniques of reverse engineering have been successfully applied for many years, 

often in spite of a corrupted or damaged specimen. But recently the application of reverse 
engineering in unforeseen areas has led to new discoveries and a better understanding of what an 
engineered system offers its potential end users. With affordance-based reverse engineering 
principles, we aim to analyze the effects of corruption on a specimen. How does corruption alter 
the perceived affordances of the object? Can lessons learned by reverse engineering man-made 
artifacts be successfully applied to natural systems? An affordance-based model helps to 
ascertain the positive and negative effects associated with each part of a system. Discovering the 
purpose of the individual parts of the system allows for a greater understanding of the purpose 
for which the entire system was engineered.  
 An affordance-based analysis of manmade artifacts that have experienced corruption may 
have helpful applications in thinking about natural systems. Hypothesizing that a system may 
have undergone corruption allows for the possibility that the system may possess a modified set 
of positive affordances that it would not have otherwise enjoyed. Viewed in this light, corruption 
and the resulting affordances may be seen as an occasion of the inventive problem-solving 
technique known as “blessing in disguise” or “making the devil work for you.” Using this 
method offers new and exciting options for some of the mysteries with which scientists and 
theologians are currently wrestling. A Christian theodicy based on this approach may be 
particularly interesting to unbelieving scientists and engineers. 
 
Introduction 

 
Being an engineer by training, and having several years of engineering experience in 

industry and academia, I find it relatively easy to relate to God in his role as creative problem 
solver and engineer of the universe. So it seems natural to me to investigate his works of creation 
from a reverse engineering perspective. Reverse engineering is simply the dissection and 
analysis of any engineered system in an effort to uncover the secrets behind its original design. 
Affordance-based reverse engineering chooses to focus on the relational aspects of design, such 
as what is provided to the end user, or what one part of a system provides to another part of the 
system. The reverse engineering process will typically become more difficult if a system has 
been corrupted or damaged along the way. 

In the first chapter of Romans, Paul writes about how God’s eternal power and divine 
nature are clearly seen, “being understood through what has been made.” It seems clear that he is 
referring to a basic form of reverse engineering of which every person is capable. He goes on to 
write about the corruption that can occur in human beings if they reject this knowledge and 
pursue their own plans.  Thus from a Christian perspective, any attempt to reverse engineer 
natural systems is doubly complicated by possible corruption within nature (even biological 
structures), and corruption in the human investigator. However, framing this investigation in 



terms of reverse engineering brings mature techniques from the field of engineering to bear, and 
results may be useful in sharing the gospel, especially with skeptical scientists and engineers. 

The purpose of this paper is to explore the idea of applying affordance-based reverse 
engineering to natural systems that may have experienced some type of corruption. In this case, 
corruption consists not only of moral depravity and perversion of integrity, but also deviation 
from appropriate function or purpose of the original engineer. Of course, this assumes that 
original purpose is known with a high degree of confidence. The problem of theodicy (the 
defense of God’s goodness, omnipotence, and omniscience in light of significant evil and 
suffering in the world) also arises in this context. Why did God allow the universe to become 
“corrupted?” The idea that experience from the fields of affordance-based design engineering 
and forensic engineering (the study of why engineered systems go wrong) may shed light on this 
problem is also explored. Interactions such as these between the fields of science, engineering, 
and theology (among others) are thought to be a valuable part of the undergraduate science and 
engineering curriculums at a Christian university. Skeptics are positively influenced when they 
observe that Christians have thought about these issues. Furthermore, graduates are better 
prepared to rationally articulate a Christian worldview and give compelling reasons for their 
hope. 
 
Affordance-based Reverse Engineering 

 
The process of reverse engineering has been used for many years but recently the 

application of reverse engineering in new areas has led to discoveries and better understanding of 
the functions and affordances of both natural and artificial systems. Knowledge of the bacterial 
flagellum, for example, is due largely to the application of reverse engineering techniques to 
biological systems.1 Analyzing the structure as that of a motor sheds light on the affordances of 
the individual parts of the bacterial flagellum. As another example, at Stanford University a 
biologist and an engineer teamed up to study the heat shock mechanism of E. coli-bacteria,2 
using reverse engineering techniques such as “subtract and operate.”3 They found that system 
performance degraded only slightly when feedback or feedforward pathways were removed to 
simulate damage or corruption. They claimed that this robust system is remarkably similar to 
what a well-trained control systems engineer would devise. In this paper, reverse engineering 
principles are applied to explore the effects of corruption on a system. How will this corruption 
alter the perceived affordances of the system?  Can there be some good that comes out of 
something that was originally viewed as negative? 

Consider how disease in the human body can be seen as a form of corruption, but once 
one has adapted, and the proper antibodies are developed, the disease no longer poses a threat. 
History provides a distinctive example of this happening with George Washington. As a child 
Washington came down with a case of smallpox. While, at the time, this corrupted his system, 
later on in life at Valley Forge he was better able to lead as he was not susceptible to the disease. 
Washington also used the new but controversial idea of inoculation to reduce the severity and 
spread of the disease. Thanks to this action, the Continental Army stationed at Valley Forge was 
able to survive the epidemic, persevere through the harsh winter, and continue on in the battle for 
American independence.4 

To begin addressing the above questions, a systematic affordance-based approach5 is 
used to determine if the effects on the system cause the affordances of the system to change. An 
affordance-based approach helps to ascertain the positive and negative effects produced by each 



part of the system and their interactions. One such way to utilize the affordance-based method of 
analysis is with an affordance structure matrix. This tool, developed by Jonathan R.A. Maier and 
Goerges M. Fadel,6 shows a representation of the interconnections between the parts of a system 
and the affordances that the system offers the end user, or the affordances that one part of the 
system offers to another part. A matrix lists the parts of the system across the horizontal axis 
with the affordances along the vertical axis. The body of the matrix is used to indicate whether 
an affordance is positive or negative, and can also provide an estimate of the quality of each 
affordance. There is also a side grid and top grid that shows how the affordances and parts of the 
system are connected with each other respectively.  The ability to show both when a part of the 
system helps and when it hinders another part is especially useful to this project. Thus 
identifying the affordances of the individual parts of the system allows for a greater 
understanding of the purpose for which it was engineered. This approach to unraveling the 
mysteries of natural systems has been introduced in a previous paper,7 which briefly analyzed the 
system of life on earth. A rudimentary affordance structure matrix for such a system is shown in 
Figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Simple Affordance Structure Matrix for the System of Life on Earth 

 
 The extent to which the affordance structure matrix is populated also indicates a measure 
of “designedness” of a system. A skillfully engineered system makes use of as many interactions 
between parts as possible to produce positive affordances, while minimizing negative 
affordances. A part that serves multiple purposes simultaneously represents ingenuity and an 
efficient use of resources. This is evident when considering the characteristics of life on Earth 
and the structures and mechanisms of systems biology. On the contrary, consider how sparsely 
populated the affordance structure matrix would be for a random collection of parts, or a poorly 
or inefficiently engineered system. Thus it is widely acknowledged that many natural systems 
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appear to be fine-tuned or engineered for a purpose, namely the evolution and sustenance of life, 
but the conundrum arises when we consider the negative affordances associated with the human 
condition, and the evolutionary process in general. These seem to be inconsistent with the 
extreme engineering genius that appears to lie behind the natural realm. Theologian Christopher 
Southgate formulates a “theodicy in light of evolution” which downplays the idea of corruption 
in favor of “disvalues” being an inherent part of the system, and the “only way” God could bring 
forth the valuable creatures he desired.8 Perhaps what humans perceive to be negative 
affordances, in our limited perspective and understanding, may turn out to be positive 
affordances once we are able to perceive the “big picture.” It is hoped that the quantitative 
aspects of a reverse engineering approach will provide additional insight that will lead to a 
proper balance between the concepts of corruption and inherent disvalue. The challenge comes in 
attempting to make useful measurements in extremely complex and inherently non-quantifiable 
systems. 
 
Help from Business and Theology 

 
Modifying our definition of “measurement” has also helped in this analysis. In his book 

How to Measure Anything: Finding the Value of “Intangibles” in Business, Douglas W. 
Hubbard describes a different approach to measurement that may help with understanding these 
concepts. His definition of measurement is “a quantitatively expressed reduction of uncertainty 
based on one or more observations,” 9 as opposed to the normal definition as a quantitative 
description of an object, such as size. Reconsidering the concept of measurements can shift the 
focus from finding the exact purpose of a system to that of becoming more confident of its 
purpose. While it is still important to find the original purpose, and it is no doubt the end goal, 
understanding even a small amount allows for better comprehension of the whole. We 
understand that original purpose cannot always be determined with confidence through reverse 
engineering, and we are aware of the potential for misinterpretation. Therefore, we attempt to 
cautiously approach the determination of purpose in nature with humility and objectivity. 

Hubbard also describes a process called “decompose it”. This describes how “many 
measurements start by decomposing an uncertain variable into constituent parts to identify 
directly observable things that are easier to measure.” The thought process behind this is similar 
to that used in the affordance structure matrix. The complex and uncertain parts of the system are 
dissected and the affordances are analyzed. Applying these ideas from the business world is a 
prime example of how research from one discipline may unexpectedly contribute to success in 
another. 

Theology is another field which may lend insight into the attempt to reverse engineer 
natural systems. Alister McGrath contends that a Christian Worldview offers a particularly 
illuminating framework for making sense of the natural world. In his book Surprised by 
Meaning,10 he explores two (among many) aspects of Christian doctrine that assist in this 
endeavor: i) the idea that humanity bears the image of God and ii) the notion of an “economy of 
salvation.” One of the implications of the first theme that has been historically recognized by the 
church is that humanity was created with the capacity to make sense of God’s creation. This 
helps to explain the intelligibility of the universe. Engineers know that for reverse engineering to 
be possible, there must be an appropriate match between the intelligence of the investigator and 
the complexity of the system under investigation. This is exactly what we see with human beings 
studying the natural world. 



The second theme sets out the idea that God’s interaction with the world is described in 
terms of a narrative of creation, fall/corruption, redemption, and final consummation. McGrath 
reminds us that “there is a profoundly eschatological dimension to an authentically Christian 
natural theology, in that the natural order should be observed in the light of its goal [or purpose], 
not merely in the light of its origination…The Christian framework of the economy of salvation 
helps us to appreciate that we have to locate this problem [evil, corruption, and suffering] on a 
theological map. The world was created good; one day it will be restored to an even greater 
goodness.” Perhaps God’s allowance of evil, and hence human failure, into his creation results in 
certain positive affordances that enable the realization of this greater goodness. Engineering 
educators Matthew Green and Paul Leiffer point out that learning through experiencing failure, 
what they call “flearning,” seems to be a crucial step in eventually arriving at the truth.11 
Engineer and author Henry Petroski appears to agree, as he describes in his book, Success 
through Failure: The Paradox of Design.”12 In any case, it is not surprising that human 
investigators, as travelers in the midst of this journey, experience a self-referential entanglement 
with nature that results in insufficient information to answer these questions with certainty. 

However, affordance-based analysis of manmade systems, along with an open mind as to 
the reduction of uncertainty, appears to have valid applications into natural systems. By making 
the assumption that a system could be corrupted, allowance is made for the possibility of 
changing affordances. Using this method offers new and exciting resolutions for some of the 
mysteries with which scientists and theologians are currently struggling. It allows for the 
possibility that new positive affordances may result from what originally appears to be 
corruption of, or damage to, the system. 

An example of this comes from the history of radial keratotomy, where eyesight is 
enhanced by making a series of incisions on the surface of the eye. This surgical procedure 
originated partly because of a bicycle accident in which a child fell and shattered his eye glasses. 
Unfortunately, pieces of glass became embedded in his eye. But actually, much good came from 
this accident because upon removal of the pieces of glass, it was discovered that the child’s 
eyesight had improved! As a result, a surgical procedure was developed which eventually 
contributed to the improved eyesight of millions of people.13 This example is included simply to 
demonstrate that positive affordances can result from seemingly negative occurrences. 

One can also turn to Scripture and see the support for good coming from seemingly 
desperate circumstances. Romans 8:28 states, “We know that in all things God works for the 
good of those who love him, who have been called according to his purpose.” Note that it says 
“in all things God works for the good of those who love him.” Extrapolating this to our approach 
implies that even what appear to be negative affordances can eventually turn out for our good. 

 
Mankind: A Shoddy Piece of Work? 

 
Physicist and science writer Phillip Ball recently published an article in Nature entitled, 

“What a shoddy piece of work is man.”14 In this article he expounds on the idea that “the human 
body is certainly no masterpiece of intelligent planning.” First of all, for someone to be “certain” 
of such a conclusion, one would have to know much more about the origin and destiny of living 
systems than mankind currently possesses, or is ever likely to possess. This kind of “overstating 
the case” occurs on both sides of the science and theology debate. It is unproductive, often 
leading to over-emotional responses, and should be avoided, and quickly corrected when 
recognized. Even so, it is understandable how Ball might come to his conclusion when one 



considers all the negatives factors associated with not only the human body, but also the human 
condition. 

Ball refers to the recent work of evolutionary biologist John Avise, who published a book 
last year entitled Inside the Human Genome: A Case for Non-Intelligent Design,15 and a PNAS 
article entitled, “Footprints of nonsentient design inside the human genome.”16 Avise makes his 
case by pointing out the deadly effects of malfunctioning aspects of the genome, seemingly 
wasteful elements, and baroque arrangements that no conscious engineer would conceivably 
produce, or even allow. Once again, it should be pointed out that in order to properly judge the 
merits of such a hypothesized design, one needs more complete information concerning the 
engineering objectives, and other metaphysical factors that might bear on such a design. 

Perhaps Ball and Avise might consider other possibilities such as the idea that natural 
systems have undergone some kind of corruption throughout their history, or even that the design 
engineer allows negative factors to be introduced for the eventual good of his creatures. Instead, 
Avise closes his article by asserting that “Evolution by natural causes emancipates religion from 
the shackles of theodicy,” since God is no longer responsible for the “gross evil and suffering in 
the world.” Avise is corrected on this point in a reply to his article by Michael Murray 
(philosopher) and Jacob Schloss (biologist).17 They point out that “positing that God delegated 
the task of generating life to insentient evolution merely ushers in an explanatory regress that 
serves to illuminate rather than ease the problem of the evils resulting from the operation of 
nature.” 

To Avise’s credit, he appears to receive this correction, as made evident in his response 
to Murray and Schloss,18 and is humble enough to invite non-scientists into the dialogue. In 
reference to “molecular faults that cause vast human suffering,” he writes, “It is now time for 
theologians to step up to the plate and perhaps help us to understand the philosophical 
implications of this rather disturbing reality.” This openness to cross-disciplinary dialogue with 
non-scientists is a welcome development that should be applauded by both sides of the debate. 
Engineers should also join the scientists and theologians at the plate since much of the discussion 
involves the reverse engineering of complex biological systems. In addition, this is the kind of 
dialogue that should especially be going on at Christian universities around the world. Students 
in science, engineering and theology all benefit from interdisciplinary dialogue when wrestling 
with the worldview implications of new discoveries. This paper derives from just such an 
interdisciplinary research group of undergraduate honors students under the direction of the Dean 
of the College of Science and Engineering at Oral Roberts University.19 
 
Reverse Engineering of a Corrupted Specimen 
  

As an example of what can be learned through reverse engineering, consider the 
Antikythera Mechanism. Around the beginning of the 20th century, a major archeological find 
was made in the discovery of the contents of an undersea shipwreck off the coast of the Greek 
Island of Antikythera. Many valuable artifacts were recovered from the wreck, which was dated 
to about 100 BCE. In addition to beautiful marble statues and ancient artifacts, a curious, 
corroded and coral-encrusted block of an unknown nature was retrieved and placed in the 
basement of the Athens Museum. After some time, it dried out and cracked apart to reveal the 
edges of metal gear wheels. This caught the attention of researchers since complex gear trains 
were not thought to exist at any time near 100 BCE. This realization was the beginning of over 
100 years of the most fascinating reverse engineering work in the history of technology. Jo 



Marchant tells the intriguing tale of the Antikythera Mechanism in her 2010 book, Decoding the 
Heavens.20 
 The specimen was incomplete, in several pieces, and was so badly corrupted that initial 
attempts at reverse engineering were very discouraging. However with painstaking effort over a 
period of about 100 years, the corruption produced by two millennia of sea water was teased 
apart from the original engineering that went into the device. With the help of advanced 
measurement systems like x-rays and sonograms, functioning replicas were eventually produced 
by multiple investigators. They were able to identify the parts of the mechanism (including 28 
different gears) and how those parts interacted (providing part-to-part affordances) in delivering 
affordances to an end user. Marchant provides the following insight, “Scrutinizing the details of 
the gearwheels and inscriptions, however, wasn’t the only way to investigate the mechanism… 
archaeologists also studied the rest of the salvaged cargo [and culture of the time]. Their 
discoveries help to paint a vivid picture of when the ship sailed, where her load was being taken, 
and the sort of world from which she came. From there, we can guess at the origins of the 
Antikythera Mechanism itself, and how it ended up on its final journey.” Ultimately, it was 
recognized that the mechanism affords a mechanical simulation of the motion of the moon and 
planets including the prediction of eclipses. In effect, it is believed to be one of the first analog 
computers, about a thousand years earlier than was ever thought possible. 
 There are a few things to be gleaned from this classic example of reverse engineering of a 
man-made system, and perhaps applied to natural systems. The quality of engineering and 
workmanship reflects on the original engineer. Marchant records how carefully engraved letters 
in the outer casing of the mechanism indicate the work of a “master craftsman,” rather than an 
“unskilled laborer.” Information about origin and destiny may also be uncovered by expanding 
the investigation beyond dissection and measurement of the specimen. Relationships between 
potential users of such a mechanism and those ingenious enough to engineer it were investigated. 
The history and culture of the time, in addition to the other artifacts with which it was found, 
helped to unravel the mystery of its origin and purpose. This is the nature of reverse engineering 
projects: all possible information that could be pertinent in recovering original design 
information is considered. 

It therefore seems clear that in reverse engineering natural systems, the standard approach 
of methodological naturalism may be inadequate.  Certain phases of the scientific method like 
experimentation, measurement and testing necessarily require this constraint, but other phases 
such as theory-forming and model-building needn’t be so restrictive.21 In addition, affordance-
based reverse engineering emphasizes the relationships that exist within the “big picture” of 
design and reverse engineering. These are the relationships between the designer, the artifact, the 
end user, and the investigator or reverse engineer. Figure 2 illustrates these relationships for the 
case in which the artifact is the entire cosmos. In the context of a Christian worldview with a 
traditional understanding of mankind’s fall, these relationships provide a rich backdrop for 
explaining the origin and nature of corruption associated with the human condition.  

Something significant happens when a human being, typically thought of as the end user, 
allows him or herself to humbly take on the role of a sincere investigator. To embrace the role of 
investigator, one must admit their own ignorance; acknowledging their need for answers. The 
universe has been engineered to reveal truth, albeit often through the “school of hard knocks,” 
and we were engineered to be truth seekers. This is consistent with Jesus’ teaching (Matthew 
7:7-8) to, “Ask and it will be given to you; seek and you will find; knock and the door will be 



opened to you. For everyone who asks receives; the one who seeks finds; and to the one who 
knocks, the door will be opened.” 

 
 

 
 

Figure 2. Reverse Engineering Potentially Involves Six Significant Relationships 
 
Insight from Biology and Epigenetics 
  

Recent discoveries in the field of epigenetics (the study of the chemical modification of 
specific genes or gene-associated proteins of an organism) may also shed some light on these 
issues. Multiple current research efforts have now demonstrated that certain animal behaviors 
can have significant detrimental effects on the genome of that animal, and even on its offspring 
and descendants.22,23 It seems reasonable that this may also be the case with human beings. 
Indeed, research into the long-term effects of child abuse on human epigenetics has discovered 
various changes in brain chemistry associated with the abnormal behavioral events that may also 
be correlated to an increased risk of suicide.24 In reverse engineering man-made systems that 
exhibit corruption or damage, it is often discovered that the system was placed in an environment 
or used in a way in which it was never intended. The Antikythera Mechanism was never 
intended to sit at the bottom of the sea, and the resulting corrosion and damage greatly prolonged 
the reverse engineering process. Consider how a screw driver is sometimes ill-advisedly used as 
a pry bar. Countless engineered products are damaged every year because they are used in a 
manner that would make the original design engineer cringe. The human child certainly was not 
designed to be treated inappropriately, but embedded into the design is the capacity to retain 
information from the experience and other environmental exposures, including nutrition,25 to 
potentially adapt to changing conditions.  
 Maybe the corruption and damage we perceive in human beings is largely a result of the 
same kind of effect. If there is a Master Design Engineer for the human species, it is reasonable 
to conclude that humans were engineered for a particular purpose, or purposes. Furthermore, if 
humans stray from these purposes, it might be expected that they would experience corruption or 
damage. Romans 1:27 claims that the rebellious receive “in their own persons the due penalty of 
their error.” However, it is the mark of a good engineer to offer a redemptive solution, taking 
what appears to be a negative development in the design process and “turning it around”, causing 



it to work for good. Historically, in engineering this has actually been called “making the devil 
work for you.” This is a standard and documented part of creative problem-solving methods such 
as TRIZ (based on an extensive survey of the innovative features of patents).26 Such “failures” 
are also recognized as an important, and perhaps necessary, part of creativity, and learning in 
general. In an intriguing collision between epigenetic and stem cell research,27 continuing work 
with induced pluripotent stem cells demonstrates that in the presence of proper chemical or 
biological signals, cells can change their epigenetic profiles to return to a more “embryonic” 
state while continuing to retain memory of prior experiences.28 It may be possible that the human 
design contains the potential to experience corruption and under the proper circumstances 
recover from the experience while gaining additional affordances. 

Although the ways of a cosmic engineer would surely transcend human understanding of 
how to conduct engineering, as considered earlier, another traditional Judeo-Christian doctrine 
insists that humans are made in the image of God. This implies that we may have some small 
measure of God’s creativity and problem-solving capability. In addition, God appears to reveal 
himself in categories that we, as humans, can understand. Throughout Scripture, he seems to 
encourage us to think of Him in those terms—even in terms of an engineer, or builder of a 
“spiritual house,” as seen in 1 Peter 2:5. 

Perhaps unbelieving scientists and engineers might find this line of thinking reasonable 
and suggestive of a preferable worldview. Missionary work is typically more successful if the 
message is communicated in the “language” of the target audience. In a sense, this approach 
attempts to speak the language of scientists and engineers. It takes the evidence with which they 
are largely familiar and weaves it into an explanatory tapestry.29 In so doing, the evidence from 
science and engineering is found to play a key role in the cumulative case for a Christian 
worldview. 30, 31 The picture is one of an exceedingly competent and innovative transcendent 
engineer who is able to turn the messes of free-will beings into something good and beautiful if 
they will simply rely on their Maker and his redemptive plan through Jesus Christ. In so doing, 
corruption and death are consumed as all things are made new and caused to work together for 
good. As a result, many of the redeemed find that they are now particularly well-suited to 
minister to others in areas where they were once corrupted. This is just one example of how 
positive affordances appear to result from human corruption when placed in God’s hands. 

Another example is seen in how Christian character growth through adversity 
demonstrates that God’s calculations are correct in allowing corruption to enter the system of 
life. In referring to the Thessalonians growing faith and love in the midst of suffering and 
adversity, Paul writes that “All this is evidence that God’s judgment is right” (2 Thessalonians 
1:5). In a recent article, professor Keith Miller agrees with this perspective as he writes, ‘Natural 
“evil” thus seems to be a necessary component of the environment for “soul-making”…physical 
death, pain and suffering are opportunities for the expression of Christ-like character.’32 He also 
claims that, “The issue of theodicy thus seems…to drive members of the scientific community 
away from a serious consideration of the claims of the Christian faith. The topic is important, not 
because its solution is central to the validity of the Christian faith, but because it often serves as 
an unnecessary stumbling block to a productive engagement of both science and faith.”33 It is 
hoped that these thoughts from the field of engineering may assist in removing this stumbling 
block. Perhaps then the skeptic will say with the Psalmist (Psalm 119:71-75), 

It was good for me to be afflicted  
   so that I might learn your decrees.  



The law from your mouth is more precious to me  
   than thousands of pieces of silver and gold.  
Your hands made me and formed me;  
   give me understanding to learn your commands.  
May those who fear you rejoice when they see me,  
   for I have put my hope in your word.  
I know, LORD, that your laws are righteous,  
   and that in faithfulness you have afflicted me.  

Conclusion 
 
Affordance-based reverse engineering of natural systems with possible corruption 

provides a novel and fruitful approach to addressing the negative aspects of the human condition. 
Human corruption can actually result in positive affordances, if approached with humility and 
repentance. Examples demonstrate how reverse engineering of artificial systems lend insight into 
reverse engineering of natural systems. Further work is anticipated to explore the fruitfulness of 
this approach. It is hoped that affordance-based reverse engineering of natural systems will lead 
to a better understanding of such systems and the underlying negative factors associated with the 
human condition. It is also hoped that this approach will have apologetic and evangelistic value, 
especially among unbelieving scientists and engineers. 
 
References 

 
1. Aldridge, P. & Hughes, K.T., Regulation of Flagellar Assembly, Curr Opin Microbiol. 

5(2):160-5, April, 2002. 
2. Tomlin, C.J. & Axelrod, J.D., Understanding Biology by Reverse Engineering the 

Control, Proc. Natl. Acad. Sci., 102, pp. 4219-4220, March 22, 2005. 
3. Otto, K. & Wood, K., Product Design: Techniques in Reverse Engineering, Prentice-

Hall, Englewood Cliffs, NJ, 2000. 
4. Ellis, J.J., His Excellency: George Washington, Vintage Books, New York, pp. 9-10, 

2005. 
5. Maier, J.R.A. & Fadel, G.M., Affordance Based Design: A Relational Theory for Design. 

Research in Engineering Design. 20(1): pp. 13-27, 2009. 
6. Maier, J.R.A. & Fadel, G.M., Affordance Based Design Methods for Innovative Design, 

Redesign and Reverse Engineering, Research in Engineering Design. 20(4): pp. 225-239, 
2009. 

7. Halsmer, D., Todd, T., & Roman, N., Integrating the Concept of Affordance into 
Function-based Reverse Engineering with Application to Complex Natural Systems, 
presented at the ASEE Annual Conference in Arlington, TX, June 14-17, 2009. 

8. Southgate, C., Re-reading Genesis, John, and Job: A Christian Response to Darwinism, 
Zygon. 46(2), June 2011. 

9. Hubbard, D.W., How to Measure Anything: Finding the Value of Intangibles in Business, 
Wiley, Hoboken, NJ, 2010. 

10. McGrath, A.E., Surprised by Meaning, Westminster John Knox Press, Louisville, KY, 
2011. 



11. Green M. & Leiffer, P., Enhancing International Humanitarian Design Projects: a 
Contextual Needs Assessment Case Study of Remote Power for Faith-Based 
Organizations, Proceedings of the 2008 Christian Engineering Education Conference, 
Geneva Collage, June 25-27, 2008. 

12. Petroski, H., Success through Failure: the Paradox of Design, Princeton University 
Press, Princeton, NJ, 2006. 

13. Fyodorov, S., Svyatoslav Fyodorov: Just a Magician Who Gives Back Sight (Soviet 
Opthamologist), Novosti Press, Moscow, 1988. 

14. Ball, P., What a Shoddy Piece of Work is Man, Nature News Online, May 3, 2010. 
15. Avise, J.C., Inside the Human Genome: A Case for Non-Intelligent Design, Oxford 

University Press, Oxford, 2010. 
16. Avice, J.C., Footprints of Non-sentient Design Inside the Human Genome, Proc Natl 

Acad Sci USA, 107 no. Supplement 2, pp. 8969-8976, May 11, 2010. 
17. Murray M.J. & Schloss, J.P., Evolution, Design, and Genomic Suboptimality: Does 

Science “Save Theology”? Proc Natl Acad Sci USA, 107:E121, 2010. 
18. Avise, J.C., Reply to Murray and Schloss: Designer Genes? Proc Natl Acad Sci USA, 

107:E121, 2010. 
19. Halsmer, D. et al, Exploring Connections between Engineering and Human Spirituality, 

presented at the ASEE Annual Conference in Louisville, KY, June 20-23, 2010. 
20. Marchant, J., Decoding the Heavens:A 2,000-Year-Old Computer and the Century-long 

Search to Discover Its Secrets, Da Capo Press, Cambridge, MA, 2010. 
21. Corey, M.A., The God Hypothesis: Discovering Design in Our Just Right Goldilocks 

Universe, Rowman & Littlefield Publishers, Lanham, MD, 2007. 
22. Wolff, G.L. et al, Maternal epigenetics and methyl supplements affect agouti gene 

expression in Avy/a mice, The FASEB Journal, Vol. 12, pp. 949-957, August 1998. 
23. Dupont, C., Armant, D.R. & Brenner, C.A., Epigenetics: Definition, Mechanisms and 

Clinical Perspective, Semin Reprod Med, 27(5), pp. 351–357, September, 2009. 
24. McGowan, P.O., Sasaki, A., D’Alessio, A.C., Dymov, S., Labonte, B., Szyf, M., Turecki, 

G., & Meaney, M.J., Epigenetic regulation of the glucocorticoid receptor in human brain 
associates with childhood abuse, Nat Neurosci, 12(3), pp. 342-348, March, 2009. 

25. Niculescu, M.D., Lupu, D.S., Nutritional influence on epigenetics and effects on 
longevity, Current Opinion in Clinical Nutrition & Metabolic Care, 14(1), pp. 35-40, 
January, 2011. 

26. Savransky, S., Engineering of Creativity: Introduction to TRIZ Methodology of Inventive 
Problem Solving, CRC Press: Boca Raton, FL, p. 212, 2000. 

27. Okita, K., Ichisaka, T., & Yamanaka, S., Generation of germline-competent induced 
pluripotent stem cells, Nature, 448, pp. 313-317, July, 2007. 

28. Kim, K, Doi, A, Wen, K., et al., Epigenetic memory in induced pluripotent stem cells, 
Nature, 467, pp. 285-290, September, 2010. 

29. Halsmer, D., Halsmer, N., Johnson, R., and Wanjiku, J., The Applicability of Engineering 
Design Principles in the Formulation of a Coherent Cosmology and Worldview, 
presented at the ASEE Annual Conference in Pittsburgh, PA, June 22-25, 2008. 

30. Geivett, R.D., David Hume and a Cumulative Case Argument (Chapter 14), In Defense of 
Natural Theology, ed. James F. Sennett & Douglas Groothuis, City: Intervarsity Press, 
pp. 297-315, 2006. 



31. Halsmer, D. and Tryon, T., Affordance-based Reverse Engineering of Biological Systems 
as Part of the Cumulative Case for a Christian Worldview, accepted for presentation at 
the Faith and Science Conference, Evangel College, Springfield, MO, June 27-28, 2011. 

32. Miller, K.B., ‘“And God Saw That It Was Good”: Death and Pain in the Created Order,’ 
Perspectives on Science and Christian Faith, 63( 2): pp. 92-93, June 2011. 

33. Miller, K.B., ‘“And God Saw That It Was Good”: Death and Pain in the Created Order,’ 
Perspectives on Science and Christian Faith, 63( 2): pp. 86, June 2011. 

 



1 
 

Complexity and Normative Engineering Design 
Gayle E. Ermer 
Calvin College 

 

Abstract 

One of the many challenges facing the engineering profession is the increasing complexity of modern 
technological systems. Clearly, the physical systems being designed are becoming more complicated over 
time. Perhaps more importantly, interactions are multiplying, between both technological artifacts and the 
humans and societies who create and use them, and the technological artifacts and the living world in 
which they are embedded. We need to develop and apply robust models for accurately predicting the 
behavior of engineered systems, since this activity is crucial in reducing risks of failure.  

This paper will explore and categorize various engineering modeling approaches currently used by 
engineers and taught in engineering programs to deal with the design of increasingly complex 
technological systems. Engineering education invests most of its resources in teaching students 
reductionist mathematical models based on scientific understanding in order to predict physical system 
behavior. In order to encourage the development of a more comprehensive approach to modeling which 
includes the contexts in which physical systems are implemented, some Christian engineering educators 
have tried to augment these models with consideration of a comprehensive set of design norms. The 
norms point to the need for a more expansive toolbox of modeling approaches to better understand system 
behavior at multiple levels. 

The relatively recent development of the inter-disciplinary field of complexity theory suggests some 
potential strategies for approaching engineering system design. Complexity theory attempts to describe 
and model certain classes of systems, particularly biological systems, which exhibit characteristics such 
as rich interaction between components, non-equilibrium responses, and emergent behavior. This paper 
will present a description of this particular type of complexity, referred to by the author as special 
complexity. Some conceptual modeling approaches to dealing with special complexity will be discussed. 
This will provide rationale for the further exploration of special complexity applications for the purpose 
of identifying new tools or methods that might apply to engineering design. Finally, some 
recommendations will be made for integrating general complexity awareness into the engineering 
curriculum. 

Introduction 

One of the many challenges facing the engineering profession is the increasing complexity of modern 
technological systems. Clearly, engineered systems are becoming more complicated over time, containing 
ever larger numbers of components and sub-systems. Perhaps more importantly, interactions are 
multiplying within systems, as well as between both technological artifacts and the humans and societies 
who create and use them, and the technological artifacts and the living world in which they are embedded. 
Calvano and John identify two recent developments that contribute to this complexity:  1) the high levels 
of integration within technological systems facilitated by the application of digital information and 
communication technologies, and 2) the speed with which changes are being constantly introduced into 
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these systems.1 Charles Perrow suggests that one of the defining features of technology in the developed 
world today is its complexity, and that this feature, along with tight coupling between systems, makes it 
almost inevitable that technological disasters will happen.2 

As an example of these effects, consider changes in automobile transportation technology over time. A 
Model T Ford at its introduction in 1908 boasted a 20 hp engine and therefore traveled at relatively slow 
speeds that allowed a driver to easily anticipate possible interactions with pedestrians or other vehicles.3 
The Model T was manufactured in essentially the same configuration for more than 19 years.4 By the 
1960’s, a car like the 1965 Ford Mustang contained many more parts and was available with a 271 hp 
engine, making it capable of much higher speeds. The first generation model was in production for 10 
years, although styling changes were implemented over its design life.5 As performance increased, so did 
the risk of injury for drivers and passengers. Modern vehicles have integrated safety elements like airbags 
and electronic traction control, as well as digital computer chips linking nearly all automobile functions, 
and are re-designed much more frequently. This has led to reduction in risk, but also to the incidence of 
unpredicted responses, like the Toyota sudden acceleration reports that resulted in recalls in 2010.6 It still 
remains unclear to what extent the floor mat/accelerator pedal design or manufacturing may have 
contributed to the problem, which is primarily connected to driver error (although electronics processing 
glitches appear to have been ruled out). The question engineers must address is how to model the car and 
driver system in order to make driving safer. Driverless automated road systems have recently been 
proposed that would link individual vehicles into a large-scale system controlled by digital electronics.7 
Needless to say, modeling and controlling such a complex system accurately will be necessary to achieve 
a network design that will behave reliably and safely. 

In addition to professional engineering concerns about complexity, on a personal level we may need to 
consider new strategies to cope with the complexities of technology use. The rapid change and interaction 
multiplication described by Calvano and John not only make it difficult to design functional systems, but 
also present challenges to selecting and managing technological products that will empower people to use 
their gifts to serve God rather than overwhelming them with confusion. Coping with this complexity in a 
constructive way will be necessary in order to enable the flourishing of God’s people, allowing us to do 
justice, love kindness, and walk humbly with our God. 

As engineering educators, we need to equip our students to contribute to effective technological 
development. We need to develop an understanding of the complexities inherent in modeling the behavior 
of engineered systems and continue to explore more robust approaches for accurately predicting their 
behavior, since this activity is crucial in reducing risks of failure. As Christians, we recognize that our 
God created a world that appears to be inexhaustibly complex,8 within which we are challenged by our 
finiteness as we attempt to fulfill our responsibilities to build God’s kingdom through our work. 

This paper will address these problems by first describing and classifying the modeling approaches that 
are foundational in engineering education (at least in mechanical engineering). Next, some aspects of 
general complexity exhibited by engineered systems will be discussed, along with methods to address 
them as part of the design process. The developing field of complexity theory (special complexity) will be 
introduced in order to find threads which might also enhance and expand our current approaches to 
engineering practice. It will then reflect on the correspondence between complexity theory ideas and the 
multi-aspectual normativity9 approach to design. It will conclude with some tentative recommendations as 
to where these ideas might be incorporated into the engineering curriculum. This paper is intended 
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primarily as an exploration of new concepts. The preliminary conclusions summarized here will hopefully 
identify problems, generate questions, stimulate discussion, and propose areas for further research.  

Current Engineering Modeling Approaches 

Engineering is all about problem-solving. The central activity of the profession involves creative design 
development, testing, and implementation. A structured engineering design process is commonly taught 
and used to help clarify and reduce the complexity of engineering design work. A typical prescriptive 
flow chart for this process, taken from a first-year engineering design textbook, is shown in Figure 1.10 
Complexity issues influence the tasks performed in nearly every box of the flow chart, but particularly 
those in the Problem Definition box (steps 1-4) and the Preliminary Design phase (steps 7 and 8). 
Calvano and John provide some design questions from a systems engineering approach that help to 
address complexity at the problem definition stage.11 I will also come back to the issue of design 
specifications when I consider the connections with normative design later in the paper.  

For now, I would like to focus on the modeling/analysis/evaluation stage of the design process, 
particularly because this is what so much of traditional engineering undergraduate education emphasizes. 
The success of a designed system depends on many things, but especially on careful analysis and 
evaluation that takes into account all significant aspects of a system’s behavior. Inadequate or imprecise 
analysis can contribute to ineffectiveness of the system or to potential failure, perhaps even disaster. 
According to Bob Colwell in an editorial for Computer, “The real art of engineering, its sine qua non, is 
in evaluating a proposed design from every angle and vantage point to make sure a design will achieve its 
goals and prove reliable over its intended lifespan.”12 As part of analysis, engineers construct models for 
basic understanding, prediction and control. George Box stated, as part of his work in statistics and 
experimentation, that: “All models are wrong, but some are useful.”13 I would suggest that models are not 
just useful, but necessary to responsible engineering design. 

Traditionally, scientific reductionism has been the basic approach to engineering system behavior 
modeling. Even the structured design process itself is an attempt to reduce a spontaneous, iterative, and 
open-ended activity into discrete, sequential steps. Reductionism is useful because it helps develop 
general understanding by isolating or abstracting certain aspects from the holistic reality of the system in 
order to identify patterns, establish cause and effect, and identify mathematical relationships between 
variables. In order to predict system behavior (and therefore to make choices about how to appropriately 
design a given system), the system is sub-divided into chunks that can be understood and mathematically 
modeled, or simulated, in order to predict system behavior. 

The structure of the engineering curriculum reflects this reductionist approach. In mechanical 
engineering, we analyze a complex machine by isolating mechanical effects (which students learn about 
in a machine dynamics course) from thermal effects (presented in thermodynamics and heat transfer 
courses) from electrical effects (taught in a separate course that is not always perceived as a mechanical 
engineering subject) and from social effects (taught in humanities courses, which students may not even 
perceive as being relevant to the system being analyzed). Compartmentalization of subject matter in 
engineering education and practice may be necessary in order to make understanding of foundational 
concepts possible, but the current amount of it may give the wrong impression to students about the 
nature of engineering problems and how to solve them. 
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Figure 1. Design Process (Dym and Little) 

 

Of reductionist models, the most prevalent that we teach are deterministic, expressed in equations derived 
from scientific theory. Equations are developed such that a given set of variable values generates a single 
behavior prediction. For example, the output angular position of a four bar linkage can be determined 
from the solution of a quadratic equation. Or, a free body diagram is used to write force balance equations 
which can be used to solve for unknown forces in the linkage. These types of models are the primary 
focus of first and second year engineering courses like statics and dynamics, and are used and extended in 
upper level courses as well. Students can come away from experiences with deterministic models with the 
idea that there is always a single correct answer to every problem. These models demonstrate significant 
explanatory power, but are only practical for relatively small systems with simple interactions, based on 
assumptions which might not apply in the real world. The effect of multiple courses which teach 
primarily deterministic models might be an over-estimation by students of their applicability in 
engineering design. Of course, not all deterministic models are theoretical. There has always been a 
recognition among engineers that experimentation is needed to verify design behavior, but often, since it 
is not practical to test a prototype early in the design process, experiments based on simplified models are 
used (for example, material property data obtained from a standard tensile test). 

To allow engineering students and practicing engineers to better predict the behavior of systems that are 
too complex to be handled with explicit equation solutions, numerical modeling techniques have been 
developed. Numerical solutions allow engineers to simulate the behavior of systems that are too complex 
to be modeled with straight-forward explicitly derived equations. The most common numerical modeling 
approach in mechanical engineering is finite element analysis (FEA). A complicated geometry can be 
subdivided into many elements of simpler geometry whose behavior and interactions are better 
understood and predicted. A digital computer can then be used to solve simultaneously the many 
equations used to represent the system connections and externally applied constraints. The danger of these 
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models is that they tend to promote a black box approach to behavior prediction. Students can enter data, 
let a computer churn out a solution, and may unquestionably accept the results. It is difficult to determine 
if an answer obtained in this way is reasonable unless a parallel modeling method is available or a 
significant level of experience with the systems being modeled has been obtained. The more complicated 
the system, the more difficult it becomes to identify a possible error in the model. 

The recognition that some system variables exhibit unpredictable or random variation in values has led to 
the incorporation of statistical modeling into some areas of the curriculum. Stochastic models can aid in 
predicting system behavior in situations where a specific state may not be known, but average behaviors 
based on assumptions about variability can help to understand and predict future states. In mechanical 
engineering, statistical process control can be used to analyze and control the behavior of manufacturing 
systems, although the total amount of content related to stochastic modeling in the curriculum is still 
relatively small. For systems that do not lend themselves to detailed analysis, engineers have also relied 
on simple heuristic models based on past experience to make better design decisions. 

Engineering education is about building a toolbox for students that will enable successful engineering 
design analysis. As engineering educators, we need to ensure that the toolbox contains a robust variety of 
modeling tools that can be used for all of the different systems that might be designed. The next section 
will identify some levels of complexity in engineered systems that are not always captured by our 
reductionist physical models and may need more emphasis in engineering education. 

Levels of Complexity and Modeling Possibilities 

The nature of the model or models necessary to analyze a given design is dependent on the specification 
of system boundaries. For example, consider an automobile, which consists of many interacting 
subsystems. An engineer working on the acceleration control system for the vehicle might draw a system 
boundary that isolates the accelerator pedal assembly and linkage from the rest of the vehicle. A physical 
model of the kinematics and kinetics of this system would then be developed and serve as the focus for 
optimizing the design. If the goal of the engineer is to design the accelerator pedal and linkage to satisfy 
certain physical performance requirements (for example, required pedal travel and force transmission to 
the throttle), then the reductionist physical model is very helpful. The model will allow prediction of the 
motion of the pedal system and contribute to optimization of the system to better satisfy design 
constraints. However, if the ultimate goal of the designer is to allow for consistently safe acceleration of 
the car under all conditions, then the system boundaries might need to be expanded to account for the 
complexities of other possible interactions. For example, what if the pedal interacts with the floor mats of 
the car in such a way that its action is interfered with? 

The interaction possibilities introduced by electronic controls in modern automobiles significantly 
increase the complexity of the overall system and make the designation of appropriate system boundaries 
more difficult. Drawing system boundaries narrowly will generally make the system easier to model, but 
may leave out important aspects of system behavior that should influence the design. Narrow system 
boundaries introduce the danger that a particular subsystem may be optimized in a way that degrades the 
performance of the system as a whole. Also, the lack of anticipation of interactions caused by narrow 
system boundaries may cause unexpected failures. If no interactions are anticipated, then no analysis is 
done to determine whether a particular response may be problematic. Although debugging and system 
integration testing can reveal some of these interactions later in the design process, recognition of 
complexity should always cause us to consider opening up our system boundaries to anticipate 
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interactions in the modeling and analysis phase. Even if the subsystems of a car can be assumed to 
interact at relatively few points in a predictable way, the manufacturing process may introduce variation 
among vehicles that needs to be accounted for in the analysis model. In a sense, for any manufactured 
system, the system boundaries need to include the productive process along with the reference design. It 
may not be possible to continually produce ever more complicated automobiles, with electronics and 
complex mechanical parts manufactured in processes with their own variation, in a way that consistently 
avoids failures (particularly safety problems that cause human injury) without deliberately choosing more 
inclusive system boundaries and using modeling techniques that take into account additional interactions 
among sub-components.  

One modeling technique that can be applied to determine if system boundaries are adequate is Failure 
Mode and Effects Analysis (FMEA). FMEA works by specifying a structured approach to creatively 
imagining possible ways a design could fail, as well as the probability and consequences of that failure.  
FMEA could be an effective method for creatively anticipating previously unanticipated interactions. The 
way FMEA is currently applied, its primary advantage is in prioritizing responses to identified failure 
modes to ensure quality of design, but the process could be tweaked to encourage some out-of-the-box 
thinking related to how a particular design could be influenced by environmental effects or other 
interactions in a way that could degrade the performance of the system.  

Some of the most difficult complexities for engineers to deal with occur when the system boundaries are 
enlarged far enough to include the human operator in the system. When this happens, clearly physical 
laws alone are not adequate to predicting system behavior. Personal interaction with a physical system 
increases the complexity of the system in two ways. The first relates to the finitude of the human. Humans 
are limited in their perceptions, decision-making capacities, and reaction times. Appropriate models might 
include those from the biological and psychological sciences that would allow better understanding of the 
user interface and prediction of the effects of changes to the physical structure on overall system 
performance. Consider the difficulty of modeling traffic behavior. There are “flow” models that can be 
used to predict traffic, which essentially treat individual vehicles as boxes on an assembly line or water 
molecules in a pipe, but these do not take into account the responses of individual drivers that might 
interfere with ideally computed flow. 

The second level of complexity encountered when the human is included in the system is potential 
sinfulness. Humans have been created by God with free will. Not only might a driver make mistakes 
(finitude) which could jeopardize the behavior of the traffic system, but some drivers could choose to 
drive while under the influence of alcohol or pursue other unsafe driving practices. An ideal traffic system 
should be designed to be efficient and safe even in the presence of these constraints, but modeling a 
system including all of these complexity effects is difficult, and we may not be teaching engineering in 
such a way as to provide the tools necessary to do so. 

One concept that nearly all engineers use to compensate for complexity, whether in the form of 
unanticipated interactions or human impact, is the use of safety factors. A safety factor is added in order 
to accommodate all of the uncertainties that legitimately reduce our confidence in the ability of our 
models to predict accurately. We hold out the hope that better modeling can reduce the size of our safety 
factors, since large safety factors contribute to over-design of systems, but it seems unlikely that the need 
for them will ever be eliminated except in the case of simple, well-understood systems whose system 
boundary interactions are well understood. In fact, in the face of increasing complexity, engineers might 
want to consider broadening the use of safety factors beyond physical effects (for example, maximum 
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stress in a bridge member). I have at times encouraged my students to apply “time safety factors” to their 
report deadlines and “cost safety factors” to their product cost estimates. 

In conclusion, recognition of complexity pushes engineers beyond the use of reductive physical models in 
design analysis. Insight into the nature of system performance might be enhanced by using the qualitative 
tools of the social sciences. In electrical and computer engineering, systems engineering has been gaining 
ground as an approach to addressing these issues. 

Special Complexity Theory 

Up until now, this paper has been using the term complexity in its broad, commonly understood 
interpretation. It encompasses the idea of systems that are complicated, containing many elements that 
interact with each other in various ways, but the implication is that in theory, these systems (at a physical 
level, at least) could be dealt with using traditional modeling techniques. This section of the paper will 
use the term complexity in a much more narrow sense, referring to systems that display particular types of 
behavior that are not likely to be captured with reductionist models. Perhaps we can think of these two 
categories as “general” complexity and “special” complexity. The goal of this section of the paper is to 
develop an understanding of special complexity in order to determine if there are particular insights from 
this field which might help to enrich our approach to engineering modeling and analysis. 

Complexity theory attempts to describe and model certain classes of systems, particularly biological 
systems, which exhibit characteristics such as rich interaction between components, non-equilibrium 
responses, and emergent behavior. This section of the paper will make an attempt to define complexity in 
the narrow sense considered by this field of research and present some characteristics of systems that can 
be described as complex. The description will try to capture the conceptual framework of complexity as 
well as some specific modeling approaches. 

Most authors, when attempting to describe complexity theory, agree that it is difficult to form an explicit 
definition of a complex system. Instead, general characteristics of complex systems are identified in order 
to distinguish them from merely complicated or general complexity-type systems. Cilliers identifies 10 
such characteristics14 as shown in Table 1. While some traditional engineering approaches might capture 
some of these characteristics (for example feedback loops), many are contradictory to the assumptions 
typically made in engineering approaches (for example, operating under non-equilibrium conditions). 

Mitchell notes that these characteristics imply system behaviors that are collective, i.e. they arise from the 
combined actions of many relatively simple interacting elements without central control. His definition of 
a complex system is “a system in which large networks of components with no central control and simple 
rules of operation give rise to complex collective behavior, sophisticated information processing, and 
adaptation via learning or evolution.” These behaviors are often described as self-organizing.15 The term 
“emergent behavior” is also used, since a complex system may exhibit action at the system level that 
cannot be explained by modeling the individual components. Rather, the behaviors arise from the 
changing connections between system components. The kinds of systems that serve as examples of this 
kind of behavior include ant colonies, the human brain, and the national economy.  
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Table 1. Characteristics of Complex Systems (Cilliers). 

Complex Systems… 
…include large number of elements in system 
…include dynamic interactions between elements 
…include interactions that are rich (some may be redundant) 
…include interactions that are non-linear (small causes can generate large results) 
…include interactions that are mostly short range 
…include feedback loops 
…are open ( interact with their environment) 
…operate under conditions that are far from equilibrium 
…have a history which is partially responsible for current behavior (evolve) 
…include elements which are ignorant of behavior of system as a whole (respond only to local 
information) 
 

 

Most engineered systems are unquestionably complicated, with many interacting parts. But, in practice, 
most of the interactions in such systems are stable (in the sense that they do not change radically over 
time) and well-understood. This type of system can be reliably modeled by a reductionist approach. The 
macro-scale behavior is essentially equal to the sum of the behavior of the parts. A truly complex system, 
on the other hand, by its very nature cannot be modeled in this way. Its behavior is greater than the sum of 
the parts and may not be predictable from knowledge of individual component behavior. The 
configuration of connections determines the response to changing environmental conditions in a dynamic 
way. 

Complex systems may be distinguished from non-linear chaotic systems, although chaos is sometimes 
included within the purview of complexity theory. A chaotic system is a non-linear deterministic system 
in which very small inputs can have large effects (often referred to as the butterfly effect). The behavior 
of a chaotic system may look random from a certain vantage point, but features of chaotic system 
behavior have been identified, such as fractal geometry, scalability, and strange attractors, that allow for 
some analysis and prediction.16 

Complexity theory up until now has been a somewhat esoteric scientific enterprise that has remained 
peripheral to engineering work. Computer engineers tend to be more aware of the field, since it relies 
heavily on digital computational tools to implement analysis. Expert systems and artificial intelligence 
comprise one branch of the complex system theory domain (referred to as rule-based models). However 
the branch of complex system theory that has the potential to enhance our approaches to modeling of 
engineering system behavior falls into the category of connectionist models. Neural networks and 
evolutionary programming are two methods that need to be investigated for potential contributions to 
engineering analysis. 

Consideration of complexity theory lends itself to an approach to systems analysis that contrasts with that 
of reductive modeling. Context has a much more central importance in complexity analysis, since 
complex systems adapt in response to changes in their environment. Rather than trying to isolate systems 
from their environment in order to understand them, complex system models must incorporate 
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environmental effects. Complexity theory also emphasizes adaptive or evolutionary approaches to 
problem solving and distributed, rather than centralized, methods of control. 

These concepts are just beginning to filter into domains beyond science where system behavior prediction 
is important. For example, Swilling and Anneke have recently written a book appropriating a complexity 
approach for determining ways to respond to the need for sustainability on a global level.17 The approach 
has also been used for analyzing homeland security systems.18 The power of complexity theory lies in its 
non-reductive approach to evaluating and solving problems. The focus is situation-specific, based on 
narrative and analogy, rather than exclusively on global, abstract principles. In this sense, complexity 
theory applies a post-modern sensibility, rather than the modernist viewpoint that underlies reductive 
modeling. 

With further investigation, I hope that complexity theory can contribute to engineering design in one 
additional way, by providing the tools for analysis of systems that attempt to mimic natural systems (e.g. 
swarming tiny robots). The current engineering toolbox contains few modeling approaches that may apply 
in this arena. These techniques will likely become more necessary as practical applications of bio and 
nano-technology continue to be developed. 

Normative Design and Complexity 

Christian faith involves the belief in an all-powerful Creator God who initiated and sustains everything 
that is in existence. This includes the materials that we manipulate as engineers. What we know as 
revealed in scripture is that this God is all powerful and infinite, and that he created human beings in his 
image as responsible stewards and developers of the whole of his creation. But, the image of God in us 
does not mean that we have been created with an infinite capacity for understanding and influencing the 
world. We have the ability to analyze and abstract, with logic and creativity, but many aspects of the 
structure of the created world mirror God’s infinity by reflecting a complexity that is beyond our 
comprehension. Over history engineers have made great strides in developing understanding of various 
aspects of the creation in order to better predict the effects of our engineered systems. Complexity theory 
recognizes our finitude, prompting humility about the comprehensiveness and reliability of our models of 
reality. This should prompt us to a process of continual revision and improvement of our engineering 
modeling techniques. 

The multi-aspectual normativity framework for technology design described in the book Responsible 
Technology is derived from the Christian principles identified above. This approach compensates for our 
finitude by identifying a number of aspects that can be abstracted from the complex nature of reality and 
need to be considered as part of the engineering design process. 19 These norms, along with brief 
descriptions, are included in Table 2.20 These concepts are usually used in determining a comprehensive 
set of design specifications for a system (items 1-5 of Table 1). I believe that this normative framework 
can also be helpful in guiding the modeling and analysis aspects of engineering design (items 6-9 of Table 
1), especially in relation to the concepts of general and special complexity that have been summarized in 
the previous sections of this paper. 

First, in the same way that special complexity theory acknowledges that some system behaviors cannot be 
adequately described by reductionist models, normative design principles are derived from aspects of the 
structure of reality that cannot be reduced to or predicted by structures from a lower level. For example, 
the economic aspect of a design identified in the stewardship norm involves variables related to historical 
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development (cultural appropriateness) and personal communication (transparency). But, the economic 
aspects of behavior are not determined completely by historical and language-related variables. The 
behavior of economic systems can be seen as “emerging” from historical and communicational 
components, but involves application of a set of principles appropriate to the economic domain. 

Kalsbeek provides an example of the launching of a manned space vehicle to illustrate the aspects.21 The 
economic aspect (stewardship norm) will involve calculations of the costs involved. The social and 
lingual aspects (addressed in the transparency norm) will involve the relationships between engineers and 
crew members and the language and symbols used for communication. The historical aspect (cultural 
appropriateness) will involve determination of whether the methods and technology available are capable 
of ensuring accomplishment of the launch. Each of these aspects needs to be modeled (along with the 
physical and biotic aspects typically addressed by scientific models) in order to make the launch a 
success. 

Secular philosophical naturalists have a hard time avoiding the temptation to predict behavior of higher 
aspects from the variables and models of lower aspects, since they take matter and energy as the only 
non-dependent aspects of reality.22 A Christian who accepts that God is the only non-dependent aspect of 
reality can logically conclude that He created a world with many different aspects that must be described 
by laws appropriate to those aspects. The emphasis in special complexity theory on emergent behavior is 
a better match with the normative approach than a reductive modeling system.  

The implicit lessons of using a normative aspectual framework for design are 1) that physical 
laws/models are necessary for analyzing physical systems, 2) that biological laws/models are necessary 
for analyzing biological problems, 3) that psychological laws/models are necessary for analyzing 
psychological problems, etc. Complex engineering problems imply that system boundaries must be 
extended to include all relevant interactions and that system models be included that are appropriate to all 
the levels of system behavior. The norms remind us that the system needs to be defined so that models of 
the system will be as complex as they need to be to cover all aspects of system behavior. The norms 
provide a framework for integrating the participation of human actors and societal implications into 
engineering analysis. This may point us toward integrating modeling types from other disciplines into our 
design evaluation, as well as any special complexity methods that might apply. 

 

Table 2. Design Norms (Responsible Technology) 

Cultural Appropriateness Technology should fit the society in which it will be implemented 
Transparency  The composition and use of technology should be clear to all, including non-

technologists, and the risks and benefits should be honestly communicated 
Stewardship All resources should be used frugally and efficiently, and the effects of 

technology on the natural environment minimized 
Harmony The design should be pleasing to use, attractive, and promote healthy 

relationships 
Justice Benefits and burdens of technology should be allocated fairly 
Caring Technological solutions should address real needs and express Christian love 

to all individuals 
Trust Technology should be reliable and worthy of trust on the part of those who 

make and use it 
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Complexity and the Engineering Curriculum 

Engineering students need to be equipped to choose system representations that are fitting for the types of 
systems they will be designing. For most mechanical systems (no matter how complicated), reductionist 
models are appropriate. But, the current engineering curriculum relies heavily on deterministic analysis of 
physical systems as the primary mode of design evaluation. I would like to consider what types of 
modifications to the engineering curriculum would help to better introduce students to the challenges of 
increasing complexity and help them identify methods for successfully dealing with complexities of all 
levels. 

One way to convince students about the need to consider alternatives to reductionist models would be to 
simply provide them more often with comprehensive, realistic, open-ended design problems to solve. The 
key to the success of this type of exercise in rounding out the modeling toolbox for students would be to 
ensure that these projects require significant analysis. It has been my experience that often the most open-
ended problems assigned are also the ones that students tend to do the least numerical modeling work 
with. To emphasize the importance of modeling, students would need to be pushed to develop their 
designs beyond the conceptual stage. Open-ended projects help students to naturally discover 
unanticipated interactions by trial and error and would hopefully prod them to appreciate the systems-
level engineering skills required to optimize the design. But, project work of this sort is often frustrating 
for students, since they must struggle with the challenges of defining system boundaries and selecting 
modeling approaches without the benefit of knowing the expected outcome. For faculty, it is not easy to 
determine an appropriate scope for such open-ended projects and the results are difficult to evaluate. 
Sharing of successful project assignments and grading rubrics among teaching faculty would be an 
efficient approach. Design norms can also be used in the context of problem-solving to emphasize the 
“people-level” interactions and context which may influence system behavior and therefore need to be 
better understood. 

If particular techniques of special complexity theory are found to be helpful for engineering system 
modeling, we will need to determine where to insert them into the curriculum. It may be that only a small 
number of tools will be relevant and they can be injected into current courses to enhance modeling 
capabilities. In the same way that writing or ethics is integrated across the curriculum, complex system 
theory could be integrated into the current content framework. Neural networks, chaotic system behavior, 
and expert systems, for example, might be topics that could be inserted into the current required courses, 
although given the packed nature of most engineering programs, this would also entail dropping some 
other engineering topics. 

Another approach might be to develop a required or elective course dealing specifically with complexity 
theory. In the same way that engineering educators are pondering whether new courses in bio-engineering 
or nano-engineering are needed to meet the changing demands of technological development, a course in 
complexity for engineers could be considered. A course in systems engineering might be a way to link 
general and special complexity in a way that is packaged to meet the needs of engineering analysis. Since 
complexity is a new and developing field of research, it may be difficult to find textbooks. Much work 
will be required to structure such a course and develop supplementary materials that apply specifically to 
engineering. 
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Conclusion 

It is sometimes difficult to avoid throwing up our hands in despair at the complexity of modeling 
solutions to the problems faced by modern society. Most engineers realize that as the system boundaries 
for our designs expand, the difficulty of successfully modeling a system and predicting its future behavior 
becomes significantly more difficult. But, as Christians we expect to be challenged in our engineering 
work by our own finite analysis capabilities. Traditional reductive models, combined with testing and 
evaluation, have allowed us to successfully implement many new technologies, from automobiles to 
nuclear power plants. The investigation of complexity theory is an attempt to be faithful to my 
understanding of God and of his creation, as well as to equip my engineering students to bring glory to 
God by effectively serving the world. 
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Abstract 
University education in Canada differs from that in the United States not least in our relative paucity of 
private universities, Christian or otherwise. Fewer than half of one percent of Canadian university 
students attend Christian institutions, and other private universities represent an even smaller proportion. 
Only the large publicly funded universities offer degree programs in engineering and at a tuition rate that 
is less than half that of most Christian universities. However, both our respective Christian liberal arts and 
science institutions have recently begun attracting students with an interest in beginning their engineering 
studies at a Christian university. Initial steps have been taken to establish fledgling pre-engineering 
programs based on transfer programs and articulation agreements. In our paper, we describe our programs 
and discuss their strengths, weaknesses, challenges, and opportunities. We encourage the development of 
a Christian worldview, and solid academic, social, and ethical values, but we cannot expect our 
engineering students to fulfill our core requirements as they graduate elsewhere. 

One pathway explored is articulation with U.S. Christian colleges where students complete their first year 
at a Canadian Christian university and their final three years in the U.S. However, graduates face 
complications in applying for a Canadian P.Eng. 

Another pathway is articulation agreements with public universities. Redeemer University College has an 
articulation agreement with McMaster University, and Trinity Western University has established 
arrangements with the University of British Columbia. However, students beginning their studies at a 
Christian university cannot be guaranteed acceptance into those competitive engineering programs. 
Furthermore, we currently lack a few specialized first year engineering courses such as professional 
engineering practice and computer aided design. 

We also discuss our dream to eventually have a full Christian engineering degree program in Canada. One 
significant challenge will be achieving recognition from the CEAB (Canadian Engineering Accreditation 
Board, the Canadian equivalent of the Accreditation Board for Engineering and Technology or ABET in 
the U.S.) in a context without extant Christian liberal arts engineering programs. There are the 
concomitant challenges of attracting qualified faculty, of funding and building the necessary labs and 
infrastructure, and of convincing prospective students of such a program’s viability. 

The state of Christian engineering education in Canada is still in its pioneering days. Many challenges 
remain before a full engineering program can be offered at a Canadian Christian university. Technology is 
not neutral, and therefore engineering education is not neutral either. Offering a rigorous engineering 
program shaped by a Christian perspective to Canadian students is an ambitious goal that is worth 
pursuing. 

Introduction 
Many people consider it self-evident that technology is neutral. The argument goes something like this: it 
isn’t about the technology itself, it’s what you do with technology that matters. This perspective leads to a 
philosophy of technology education in which the world of values is not part of the world of practical 
engineering. This view presupposes that designing technology can be separated from its societal, 
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environmental, and ethical consequences. If this is the case, then the case for establishing a Christian 
engineering education is limited. 
The belief that technology is neutral misses the point that it is a human activity. In his book Technopoly, 
Neil Postman argues that “Embedded in every tool is an ideological bias, a predisposition to construct the 
world as one thing rather than another, to value one thing over another, to amplify one sense or skill or 
attitude more loudly than another.”1 Technical artifacts come embedded with a wide range of values, 
some of which are easy to discern, and others of which are more nuanced. Even if these values are not 
explicitly articulated, they are part and parcel of technology. These values include a wide range of aspects 
including economic, aesthetic, social, legal, moral, and faith aspects. 

The book Responsible Technology defines technology as 

...a distinct cultural activity in which human beings exercise freedom and responsibility in response to 
God by forming and transforming the natural creation, with the aid of tools and procedures, for practical 
ends or purposes.2 

This definition recognizes that technology is a human cultural activity; it is more than just products and 
devices. Second, it recognizes that technology is a response to God, who calls us to interact with culture. 
The response to this call can be obedience to God’s will or rejection of God and disobedience. It can be 
said that technological artifacts have not only a structure, but also a direction.3 As a human activity in 
response to God, technology is not neutral; it is value-laden, shaped by norms. These norms include 
things such as cultural appropriateness, stewardship, justice, and showing care for safety and public health 
and welfare. 

Charles Adams makes the case for values in the engineering curriculum in his paper “Automobiles, 
Computers and Assault Rifles: The Value-Ladenness of Technology and the Engineering Curriculum.”4 
This paper makes a clear case for how Christian values can inform an engineering education. It is this 
understanding of values in the engineering curriculum, and of the way in which Christian faith shapes 
these values, that is the rationale for a Christian engineering school, also in Canada.5 

Introduction to the Canadian Scene 
Early in Canada’s history, most universities were established by Christian churches. Examples include 
King’s College, established in 1788 in Nova Scotia, and Bishop’s College which was established in 
Quebec in 1843. Although many Canadian universities were established by churches, several others were 
expressly setup as non-denominational institutions, such as McGill University and Dalhousie University. 
Other universities were set up by provincial governments. Eventually, most universities became secular 
schools.6 For example, Waterloo Lutheran University became Wilfred Laurier University, retaining its 
initials but losing its identity as a Lutheran school. Likewise, McMaster University began as a Baptist 
institution before becoming a secular university. A small number of Christian colleges have since 
appeared on the Canadian scene, but their influence is minor. Compared to the United States, there are 
few Christian liberal arts and sciences colleges in Canada. Fewer than half of one percent of Canadian 
university students attend Christian institutions, and other private universities represent an even smaller 
proportion.7 The history of some Christian colleges include some significant struggles to establish their 
right to exist. 

More recently, the Canadian Association of University Teachers (CAUT) opened investigations into 
whether certain Christian universities were denying academic freedom to their faculty by requiring them 
to subscribe to a statement of faith as a condition of employment. Both Redeemer and Trinity Western (as 
well as two other Christian academic institutions) were investigated by CAUT and were identified as 
“universities that impose a faith or ideological test.” While CAUT defines academic freedom in terms of 
the rights of autonomous individuals, Christian colleges and universities have argued that academic 
freedom includes a communal freedom to pursue distinctive academic missions, including one that 
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acknowledges that all truth is rooted in God. Working from this starting point, Christian colleges need to 
work out the implications for a broad range of disciplines – and this should include engineering. In 
January and February 2011, there was significant media attention given to the CAUT investigations in the 
national press, particularly in Maclean’s magazine and The National Post. Hundreds of faculty from both 
Christian and publicly-funded universities signed a petition of sorts which pointed out the “harassment” 
intrinsic to these investigations.8 In fact, no investigation determined anything that was not already clearly 
present in the publicly available information on the institutional websites; subsequently, CAUT 
announced it would no longer send teams of investigators to campuses under similar “suspicion.” 

Only the large publicly funded universities offer degree programs in engineering, and they do so at a 
tuition rate that is less than half that of most Christian universities. However, both of our respective 
Christian liberal arts and sciences institutions, namely Redeemer University College (Ancaster, Ontario) 
and Trinity Western University (Langley, British Columbia), have recently begun attracting students with 
an interest in beginning their engineering studies at a Christian university. For some time, we have been 
receiving inquiries from qualified and capable young people who have been gifted in the sciences and 
desire a career in engineering, but who also would like to have the opportunity of enrolling in Christian 
higher education. Based on this interest and a conviction that pathways for the discipline of engineering 
are needed within our university offerings, initial steps have been taken to establish fledgling pre-
engineering programs based on transfer programs and articulation agreements.  

Steps towards Engineering at Redeemer University College 
Redeemer University College opened its doors in 1982 making its home in an old elementary school 
building on Beach Boulevard in Hamilton, Ontario with 97 full-time and 63 part-time students. Among its 
eight founding faculty members were two scientists: one a physicist and the other a biologist. These 
hiring decisions reflected the commitment of the college right from the beginning to offer science courses. 
In 1985, the college purchased 78 acres of land in Ancaster for the construction of a new campus. The 
college occupied the new facilities in August 1986, and welcomed 279 full-time students that fall. 
Redeemer’s sciences program grew and majors and minors were offered in mathematics, natural sciences, 
and computer science. Despite the diverse fields of study at the college, it was originally allowed to 
confer only Bachelor of Christian Studies degrees. On June 25, 1998, the Ontario Government passed a 
bill which granted Redeemer College the authority to offer Bachelor of Arts and Bachelor of Science 
degrees. In June of 2000, the Ontario government approved a change in institutional name to Redeemer 
University College, in recognition of its status as an undergraduate university. Later, in 2003, another bill 
was passed by the provincial government giving Redeemer the authority to grant Bachelor of Education 
degrees.9 

 
An aerial shot of the current campus of Redeemer University College in Ancaster, Ontario 

Interest in pursuing an engineering pathway was sparked by Dr. Derek Schuurman, a computer science 
professor at Redeemer whose background was in electrical engineering. In the past, there had been a few 
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students at Redeemer who, after taking several math and science courses, transferred to public 
engineering schools or Christian engineering programs in the United States. However, until recently, there 
were no “official” agreements with any other universities for further studies in engineering. In 2007, 
Schuurman began a dialogue with the Faculty of Engineering at McMaster University.10 By the end of 
2007, Redeemer received an articulation agreement with the Faculty of Engineering at McMaster 
University to officially recognize various Redeemer courses as equivalent to a variety of first-year 
engineering courses and complementary studies electives at McMaster. This paved the way for a new 
engineering track which would allow students to begin their studies at Redeemer and transfer their 
courses towards engineering level 1 at McMaster University. This option was established to serve 
students who are interested in getting a first year of solid Christian academic grounding before pursuing 
further studies in engineering at a public university. The program began with one pre-engineering student 
in 2009-2010, and has since seen a growth in interest through inquiries from prospective students. 

There remain some challenges. Acceptance into the engineering program at McMaster is a competitive 
process, and Redeemer cannot guarantee admission for its pre-engineering students. Furthermore, there 
are three first-year engineering courses that Redeemer currently does not offer. These courses include a 
course on an introduction to professional engineering, engineering design and graphics, and material 
science. In lieu of these courses, students take arts and humanities courses that transfer towards the 
“complementary studies electives” required in later years of engineering. Conveniently, McMaster offers 
both the introduction to professional engineering and the engineering design and graphics courses in the 
summer as part of their “headstart” program.11 However, it is up to students to arrange to take these 
courses during the summer or to fit them into their schedule when they transfer to McMaster. 

A short time after the articulation agreement was established with McMaster University, Redeemer 
sought a pathway for prospective engineering students that would allow them to continue at a Christian 
college. With no Christian engineering programs in Canada, Redeemer began a dialogue with one of its 
“sister” institutions in the United States. This dialogue began with an informal chat between Schuurman 
and several Dordt College professors while attending the 2008 Christian Engineering Education 
Conference (CEEC) at Geneva College. Within two years an articulation agreement was signed which 
allows Redeemer students to take their first year of studies at Redeemer, and then transfer to Dordt 
College to finish an engineering degree in three years, a so-called “1-and-3” program. Redeemer has also 
begun a dialogue with another sister institution, Calvin College in Grand Rapids, Michigan, to provide 
students with further options for continuing their studies at a Christian college.12 

 
President Justin Cooper of Redeemer and President Carl Zylstra of Dordt College 

mark the signing of the Dordt-Redeemer Pre-engineering Articulation in January of 2010. 
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Steps toward Engineering at Trinity Western University 
Trinity Western began13 in 1962 as a junior college, offering two-year degrees (the Associate of Arts) as 
well as equipping students with the first two years of courses in many programs. Right from the start, 
mathematics and science courses were offered, and students were launched into math, science, and 
engineering programs at the large secular universities with solid technical background as well as an 
understanding of the Christian liberal arts. 

Besides the Christian aspect of the university, this fit well into the British Columbia scene, where 
throughout the province, smaller community colleges were already using the model of transfer. For many, 
proximity to their hometown and suspicion or fear of the only two “big cities” (Vancouver and Victoria), 
in addition to the small classes and greater opportunity for personal attention, were good reasons to use a 
two-step approach to completing their undergraduate degree. The large universities welcomed those who 
were successful at these transfer institutions; they were well equipped technically, they had completed the 
oft troubling transition from high-school to university, and they had survived the rigours of the first two 
years of courses. Thus the University of British Columbia (UBC) and the University of Victoria, and later 
Simon Fraser University, were reaping the benefits of well-prepared third-year students without having to 
make what is for them a risky investment into first-year students. 

In 1985, Trinity Western became a full-fledged university, offering four-year degree programs in the 
liberal arts and sciences, including majors in most of the sciences. Over the years, there have been a 
number of students who completed one or two years, or a B.Sc. degree, and have gone on into 
engineering either by transferring to UBC or elsewhere, or by enrolling in a graduate program. Since 
2007, Trinity Western has been more intentional about our engineering transfer program, recruiting 
students with engineering interests, making arrangements with UBC’s engineering program, and 
packaging already-existing courses which allow students to transfer with confidence and which equips us 
to track their pitfalls and successes. This task was assigned by then dean of science, Dr. Jack Van Dyke, 
to physics professor Dr. Arnold Sikkema because of his eight years of experience teaching physics at 
Dordt College where engineering is quite established as a thriving and popular program. Sikkema is now 
TWU’s coordinator of engineering transfer. 

 
Trinity Western University’s Langley campus, host institution of CEEC 2011 

Of the three universities in British Columbia offering engineering degree programs, UBC has been the 
most cooperative in terms of recruiting our students.14 Students interested in engineering and registering 
at Trinity Western University are advised of three basic routes.15 The minimal option is to take first-year 
calculus, physics, chemistry, and English, plus two more humanities courses, at which point they can 
apply to first-year engineering at UBC. A second option, also doable in one year, is to add at least one 
course selected from among linear algebra, computer programming, thermodynamics, mechanics (or even 
engineering graphics at another transfer institution), which will give minimal admission to UBC’s second 
year. The best and most popular option is to spend two years at TWU and take as many of these courses 
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as possible, adding also selections from among multivariable calculus, statistics, differential equations, 
ethical and social issues in high technology, micro- and macro-economics, other science courses relevant 
to the engineering program of interest, and humanities and social sciences electives (and possibly 
introduction to engineering elsewhere). This will also provide admission to UBC’s second year but gives 
a broader preparation in the Christian liberal arts while completing some of UBC’s second- and third-year 
requirements in advance. 

To be sure, admission to UBC’s engineering program remains competitive. In particular, for transfers into 
their second year, UBC recently raised the minimum grade point average from 2.5 to 2.7, and does not 
even then guarantee that this GPA will apply in the next cycle, or that fully prepared students will obtain 
their first choice of program or campus. Students report to me that civil engineering is now at the top of 
the pecking order among students (both UBC and transfers in), going down through to electrical 
engineering. Furthermore, in addition to its primary Vancouver location, UBC recently opened a campus 
in Kelowna, BC, called UBC Okanagan, and student preferences of UBC Vancouver or UBC Okanagan 
are now also part of the uncertainty transfer students (and regular UBC students) face. 

Reports from students who have completed the transfer indicate that they feel well prepared in 
comparison with their colleagues, and continue to achieve success in their program. It is important to 
remain well connected with our alumni in order to make adjustments as needed. In terms of numbers, two 
students transferred from TWU to UBC in 2009, and four in 2010; four to six are applying in 2011 as 
well. 

TWU does not currently offer any engineering-specific courses. And so besides students being advised by 
the engineering coordinator in terms of course selection and external applications, small steps have been 
taken to create a community among these students. Part of this happens as they register in similar courses, 
or form the bulk of registered students in certain courses such as computer programming and linear 
algebra. TWU also tries to put on an engineering event in an evening in November. Such an evening can 
include providing information, bringing in a speaker, holding a design competition, and building 
community. Several students who made the transition expressed that one of the most valuable aspects of 
starting at TWU was their ability to proceed to UBC’s large secular campus confidently with a small 
group of Christian friends, roommates, and classmates. 

One challenge faced at TWU in terms of the existing transfer program is related to the fact that students 
will not have to meet our university’s graduation requirements, and some thus feel no expectation to 
partake of the university-wide core curriculum of liberal arts beyond what will specifically transfer into 
their engineering program. It is difficult for an academic advisor to share the deep vision of the value of 
courses such as philosophy, history, theology, psychology, and fine arts to such an extent that students 
actually buy in and fill out their Christian university experience in this way. It is often noted in the context 
of Christian liberal arts education that 18-year-olds are not particularly receptive or inclined to worldview 
thinking. After one or two years with us, our students move on to the public university, giving us only a 
very limited opportunity to contribute to and observe their development of a Christian way of thinking, 
and one which students may not at this stage of their life appreciate. While in many cases parents have 
helped their child choose to attend a Christian academic institution for many great reasons, the pragmatic 
aspect of registering for specifically required courses does seem to come to the fore. 

Common Strengths and Weaknesses 
Strengths 
Both of our programs provide our students the opportunity to benefit from a Christian liberal arts 
education before continuing at a large secular engineering school. In addition, with our smaller classes, 
students are immersed in a more nurturing pedagogical environment. Our professors pay a great deal of 
personal attention to our students, in terms of both course work and academic advice. Students develop a 
deep sense of Christian community whether living on or off campus.16 And all our courses, whether in the 
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liberal arts or math, physics, chemistry, and computing science, are taught from a thoroughly Christian 
perspective. Taken together, this provides plenty of opportunity for the establishment of Christian 
worldview, academic, social, and ethical values. 

Weaknesses 
At Redeemer, Schuurman has the P.Eng. designation; no one at TWU does. In both cases, neither of us 
has anything approaching a full range of on-site engineering faculty through whom students could receive 
discipline-specific mentorship and career advice. During their one or two years at a Christian university, 
students do not benefit from the presence of upper-level engineering students, who could offer 
encouragement as well as inspiration by way of their visibly exciting senior design projects. 

While ABET and CEAB have certain reciprocal agreements,17 obtaining a P.Eng. designation in Canada 
after studying in the U.S. is not necessarily a seamless process. For instance, in Ontario, one of the 
requirements for licensing is to hold a bachelor’s degree in engineering from an accredited Canadian 
university program,18 or meet educational standards established by PEO (Professional Engineering 
Ontario). Consequently, pre-engineering programs which partner with U.S. Christian colleges will need to 
help students navigate this process if they choose to return to Canada. Furthermore, the process will need 
to be checked for each province.19 

Common Challenges and Opportunities 
Challenges 
Even before our students arrive, one challenge is recruiting students into the pre-engineering option. This 
involves promotion and advertising, helping spread the word among university faculty and staff, 
particularly admissions, as well as among feeder schools and the wider set of Christian engineering-bound 
students. 

A number of other challenges arise due to the nature of transfer itself. Students face some degree of 
uncertainty as to whether they will be admitted to the program and campus of their choice and whether 
the receiving institution will abide by its stated admission requirements. After making the transfer, 
students will find themselves in classes where they are in the minority: most in their cohort will have 
taken their specific prerequisite courses together and are thus perhaps more precisely prepared 
academically. In addition, transferring students are initially outsiders to the social network which was 
developed through extracurricular activities. These, however, should not be seen only as challenges, but 
also as advantages and opportunities. Our students are in the special position of being able to draw on a 
Christian perspective, as well as not having been subject to the traditional night- and weekend-life of the 
first-year secular university engineering experience. In addition, upon joining their classmates in second 
year, our students will have had a taste of the liberal arts and science experience, including greater 
interaction with non-engineering students; taken together, these afford opportunities to bring to the table 
(or to the group design project) some things which the others hadn’t seen.  

Looking further ahead, there are many challenges to working towards a Christian engineering program in 
Canada. These challenges include both internal and external challenges. Within Christian universities 
there are the perennial issues of tight budgets and dealing with limited resources. Establishing an 
engineering program is an expensive proposition, especially when competing with the needs of other 
academic departments or when considering the establishment of less costly majors. An engineering major 
would require extensive capital costs to establish labs and furnish them with the necessary equipment. 
Furthermore, it can be a challenge to attract qualified Christian faculty members, particularly when 
faculty salaries at Christian colleges tend to be modest in comparison with the salaries found in industry. 

One significant external challenge will be to achieve recognition from the CEAB in a context without 
extant Christian liberal arts engineering programs. Another external challenge will be to convince 
prospective students of such a program’s viability. With higher tuition rates, unproven reputations, 
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uncertain accreditation, it may be hard to attract students to fledgling engineering programs in Canadian 
Christian universities. 

Opportunities 
The experience of sister colleges in the United States who have successfully navigated the ABET 
accreditation process and who have established respected programs without compromising their 
institutional identity indicates that the obstacles are not insurmountable. Canadian Christian universities 
contemplating the establishment of engineering programs can learn much from the experiences of U.S. 
Christian colleges across the border. Furthermore, there are numerous Canadian Christian engineering 
executives who could be ignited with a vision for a Christian engineering education and become partners 
in realizing such a vision. 

There are also opportunities to create a Christian engineering education that serves distinctly Canadian 
needs. Although there are pathways for studying engineering in Christian colleges in the United States, a 
Canadian Christian institution would be better suited to serve the specific Canadian context. Canadian 
engineering regulatory bodies have similarities with their U.S. counterparts, but they are distinct. The 
Canadian context is also one where natural resources and the cold climate are significant. Our relatively 
sparse population and vast geography have made technologies such as communications and the railroad 
an important part of our history. Canada is a country with two official languages which makes for a 
unique cultural and political context. Furthermore, Canada’s constitution and government are different 
from the structure of government in the United States. High-tech engineering companies in Canada face 
unique challenges, especially when it comes to competing with their much larger neighbour to the south. 
All of these have implications for how the profession of engineering is practiced in Canada. A Christian 
engineering school in Canada would not only be able to bring a Christian perspective to educating 
engineers, but be able to do so in a way that takes into account the norm of cultural appropriateness. 

The Way Forward 
The best approach to building an engineering program will be a “crawl-walk-run” strategy which begins 
by offering a pre-engineering program, and slowly working towards increased engineering offerings. The 
first efforts could focus on further partnerships and articulations to provide additional options and 
pathways for our students. At both Redeemer and TWU this would also include making a “cleaner” 
transfer by offering all the first-year engineering courses required to fully enter level 2 (second-year) 
engineering at a public university. The next steps would be to investigate the possibility of offering 
further courses which would allow students to begin their first two or three years of engineering studies at 
a Christian university, and then complete their studies at a public university. 

Any future ambitions to establish more comprehensive engineering course offerings will require a 
dialogue with the CEAB which accredits undergraduate engineering programs in Canada (similar to the 
role of ABET in the United States). This will include familiarizing ourselves with CEAB requirements 
and procedures. This is where Christian universities in Canada might be able to benefit from the 
pioneering experiences of sister colleges in the United States who have successfully navigated the ABET 
accreditation process. 

The state of Christian engineering education in Canada is still in its pioneering days. Many internal and 
external challenges remain before a full engineering program can be offered at a Canadian Christian 
university. Nevertheless, working to establish a rigorous engineering program shaped by a Christian 
perspective and tailored to the Canadian context is an ambitious goal that is worth pursuing. 
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