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Foreword 
 
Welcome to the 2013 Christian Engineering Conference!  In this volume of proceedings you will 
find the 10 papers that were presented at the conference.  Many thanks are due to the authors 
who did such a fine job of preparing them.  The conference also featured a plenary address from 
John Dyer (author of From the Garden to the City), two panel discussions, and numerous 
informal discussions with colleagues from industry, public universities, and other Christian 
institutions.   
 
This is the first time the conference has been held as the “Christian Engineering Conference,” 
i.e., “CEC” instead of “CEEC.”  The rebranding was intended to make the conference more open 
to those in secular institutions, whether industrial or academic.  Time will tell if that has been 
entirely successful, but early indications are that it has been at least modestly successful.  There 
were twenty submissions to the conference from 33 authors affiliated with 14 distinct institutions 
– two industrial, three secular colleges or universities, and nine Christian colleges or universities 
from a wide variety of faith perspectives. 
 
The next CEC will June 17-19, 2015 at Seattle Pacific University following the ASEE 
conference in Seattle.  As always, the Christian Engineering Society and the Christian 
Engineering Conference web pages (https://sites.google.com/site/christiansandengineering/home) will 
have full details as they become available.  In 2014, we will meet for dinner and discussion 
during the ASEE conference in Indianapolis, Indiana, June 15-18.   
 
If you wish to be involved, informed, or to participate in discussions in the meantime, we have a 
Facebook group, a newsletter, and an email list. 
 
Special thanks are due to Steve VanderLeest (the conference general chair), Michelle Krul, who 
handled many of the arrangements, and organizing committee members Andrew Blauch, Gayle 
Ermer, Bill Jordan, Melani Plett, Randy Schwindt, Murat Tanyel, and Nolan VanGaalen.  
Thanks also to the 37 reviewers who reviewed papers and abstracts for the Conference. 
 
Jeremy VanAntwerp 
 
CEEC 2013 Program Chair 
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Common Grace and Engineering 
David Che 

Geneva College 
 

Abstract    
As an important part of the reformed theology, common grace helps those in science and engineering 

fields to understand God’s economy and His will and purposes for the entire human race. Engineering is 

part of God’s common grace to mankind. He gave men this tool to help them fulfill His call to “subdue 

the earth”. However, due to the fallen nature of men, engineering is also corrupted by sin. Sin can appear 

in various forms, two of the common ones are personal and corporate (institutional) sins. Examples are 

given in each category. The redemptive work of Jesus Christ offers the only solution to the problem of 

sin. We can participate with more insight in Christ’s work by abiding in His Word, walking in His Spirit, 

and be a bold witness of His saving grace in our everyday lives.  

Special note: all Scripture quotes in this paper are from the New King James Version. 	  

Introduction  
God was the first engineer. Genesis 1:1 states, “In the beginning, God created the heavens and the earth”. 

In Genesis 2:1-2, it says “Thus the heavens and the earth, and all the host of them, were finished. And on 

the seventh day God ended his work which he had done; and He rested on the seventh day from all His 

work which He had done.” In between these verses, the Scripture chronicled God’s creation of light. 

Optical engineering is to learn how to make use of the light that God created, and to create new forms of 

light, such as laser light, for manufacturing (cutting, etc.), inspection (scanning), identification (bar code 

scanning), healing (applications of laser to medical fields, such as lithotripsy of kidney stones), 

entertainment (laser light concert, laser games), etc. God also created time (Genesis 1:5) and space 

(Genesis 1:6-7).  

In Proverbs 8:22-31, God as an architect and engineer of His creation is demonstrated by presenting 

wisdom as the basis of design in the universe [1] (emphasis added): 

… when He marked out the foundations of the earth, then I was beside Him as a master 

craftsman; and I was daily His delight, rejoicing always before Him … 

Matthew Henry went on further to say that this Wisdom is no other than the second person of the trinity, 

our Lord Jesus Christ [2], 
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Wisdom here has personal properties and actions; and that intelligent divine person can 

be no other than the Son of God himself …He not only had a being before the world, but 

he was present, not as a spectator, but as the architect, when the world was made. 

There are other verses that support this view, such as John 1:1-3, Hebrews 1:2, Ephesians 3:9, and 

Colossians 1:16.  

In the New Testament, our Lord Jesus started out as a carpenter. It is similar to today’s furniture design 

engineer or furniture manufacturer. So it is not a stretch to say that Jesus was an engineer before he 

entered fulltime ministry.  

The first command from God to men is explicitly with regard to management and implicitly related to 

engineering: 

Then God blessed them, and God said to them, “Be fruitful and multiply; fill the earth 

and subdue it; have dominion over the fish of the sea, over the birds of the air, and over 

every living thing that moves on the earth.” (Genesis 1:28, emphasis added) 

Then the LORD God took the man and put him in the garden of Eden to tend and keep it. 

(Genesis 2:15, emphasis added) 

Here in the latter verse, the words “dress it” and “keep it” are all related to maintenance, which is a big 

part of any manufacturing enterprise.  

Laurel Dovich [3] uses examples from nature to demonstrate that God is the master structural engineer. 

Some of her examples include spider web, plants, skeletons of vertebrates, and mollusk shells.  

Famous Christian novelist Randy Alcorn also has this to say about God being an engineer [4]: 

God is our structural engineer. He knows our limits and never lays on us a load greater 

than what he made us to bear. 

Common Grace and Engineering 
Common grace, according to Theopedia [5], refers to the grace of God that is common to all humankind: 

It is "common" because its benefits are experienced by the whole human race without 

distinction between one person and another, believers or unbelievers. It is "grace" 

because it is undeserved and sovereignly bestowed by God. In this sense, it is 
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distinguished from the Calvinistic understanding of "special" or "saving" grace, which 

extends only to those whom God has chosen to redeem. 

One of the most commonly used verses to support this is found in Matthew 5:45, that God “makes His 

sun rise on the evil and on the good, and sends rain on the just and on the unjust”. Another clear 

indication of God’s common grace is found in Acts 14 where a man who had crippled legs was healed 

after hearing the gospel preached by Paul and Barnabas. The people there thought Paul and Barnabas 

were gods, so they tried to sacrifice oxen to them: 

But when the apostles Barnabas and Paul heard this, they tore their clothes and ran in 

among the multitude, crying out and saying, “Men, why are you doing these things? We 

also are men with the same nature as you, and preach to you that should turn from these 

useless things to the living God, who made the heaven, the earth, the sea, and all things 

that are in them, who in bygone generations allowed all nations to walk in their own 

ways. Nevertheless He did not leave Himself without witness, in that He did good, gave 

us rain from heaven and fruitful seasons, filling our hearts with food and gladness”. (Acts 

14:14-17) 

Here it is very clear that even for those nations (and peoples) that do not acknowledge Him, He bestows 

His goodness and common grace, as a witness to them. 

The first sign of God’s common grace in engineering seems to appear in Genesis 4:17-22 (emphasis 

added),  

And Cain knew his wife, and she conceived and bore Enoch. And he built a city, and 

called the name of the city after the name of his son--Enoch. …  And Adah bore Jabal. 

He was the father of those who dwell in tents and have livestock. His brother’s name was 

Jubal. He was the father of all those who play the harp and flute. And as for Zillah, she 

also bore Tubal-Cain, an instructor of every craftsman in bronze and iron. And the sister 

of Tubal-Cain was Naamah.  

It mentioned Cain as a city builder (civil engineer and/or construction worker), and Tubal-Cain as forger 

of instruments of bronze and iron (manufacturing engineer). It is interesting that engineers can trace their 

ancestry to the line of Cain, not Abel or Seth. I am not sure if any would be proud of being in the same 

profession as these ungodly ancestors. It will be hard to understand until one comes to grips with the 

teachings of common grace. As an important part of the reformed theology, common grace really helps 

those in science and engineering fields to understand God’s economy and His will and purposes for the 
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entire human race. It seems a lot of churches and Christian schools/colleges have not been paying enough 

attention to the teaching of the doctrine of common grace. It is an important part of the Christian 

confession of faith and worldview and must be addressed repeatedly, especially for those pursuing a 

professional degree. Another verse that supports common grace is in Psalm 145:9, 

The LORD is good to all, and His tender mercies are over all His works.  

The word “all” here not only includes Christians and non-Christians, but also includes the animals. God 

not only gifted men the skills and talents in engineering, but also animals. I marvel at the skills of birds in 

building a nest – they must have been blessed with some tremendous structural engineering skills! See 

pictures of a nest building process [6]. Some observations about this process: 

• Birds have no need to look at a blueprint or go to Home Depot for tools 
• No scaffolding needed 
• Design is sustainable and green – the birds used 100% recyclable materials 
• The bird nest has natural insulation - no HVAC engineers needed 

Genesis 1:21 shows that God created birds before He created men. So it can be said that birds became 

structural engineers even before men! No wonder even in modern times structural and architectural 

engineers have drawn inspirations from birds in building the “Bird’s Nest,” a 80,000 seat stadium for the 

2008 summer Olympics in Beijing, China (see Figure 1).  

 

Even though birds have more seniority over men in engineering, men outsmart birds in the usage of bird 

nests. Birds commonly abandon their nest once it is used. But the Bird Nest stadium is still being used in 

Beijing: 

 

For years, the Forbidden City and the Great Wall have been among the biggest tourist 

attractions in China. These days, the Bird's Nest is giving them a run for their money. 

Nine months after the Beijing Summer Olympics, thousands of tourists from all over the 

country flock to the iconic stadium, venue of the dazzling Olympic opening and closing 

ceremonies, every day. [8] 
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Figure 1 Bird Nest, National Stadium of China in Beijing [7] 

 

Sin and Engineering 

Does sin affect engineering? The answer is obvious. According to Ephesians 2:1-3 (emphasis added): 

And you He made alive, who were dead in trespasses and sins, in which you once walked 

according to the course of this world, according to the prince of the power of the air, the 

spirit who now works in the sons of disobedience, among whom also we all once 

conducted ourselves in the lusts of our flesh, fulfilling the desires of the flesh and of the 

mind, and were by nature children of wrath, just as the others.  

Note here that “mind” is listed together with the “flesh.” And we know engineering functions are mainly 

performed in the “mind.” If the mind is corrupted by sin, engineering work will also be corrupted by sin. 

Due to the fallen nature of men, there are breakdowns in engineering design, engineering communication, 

and engineering ethics, etc. There are breakdowns in all aspects of the engineering profession and 

practice. Engineers are not perfect and they constantly make mistakes, some of them personal, and some 

of them systematic/institutional.  
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The loss of the Mars Climate Orbiter, is a prime example of such failure [9]. NASA lost the $125 million 

Mars orbiter because one engineering team used metric units while another used English units for a key 

spacecraft operation. "People sometimes make errors," said Edward Weiler, NASA's Associate 

Administrator for Space Science in a written statement. "The problem here was not the error, it was the 

failure of NASA's systems engineering, and the checks and balances in our processes to detect the error. 

That's why we lost the spacecraft." (emphasis added) 

Arthur Bouwers introduced the concept of “institutional sins” [10]. “Institutional sin” is related to policies 

and practices of groups of people, whether a group is a company, a government, or a society. Members in 

a group may feel pressured to commit unethical conduct. This is different from personal sin.  

The 2010 Oil spill in the gulf, is another example of engineering failure, both at a personal level and at 

corporate level (institutional sin):  

The Deepwater Horizon oil spill (also referred to as the BP oil spill, the BP oil disaster) is 

an oil	  spill in the Gulf	  of	  Mexico which flowed unabated for three months in	  2010. It is the 

largest accidental marine oil spill in the history of the petroleum industry. The explosion 

killed 11 men working on the platform and injured 17 others. The spill caused 

extensive damage to marine and wildlife habitats and to the Gulf's fishing and tourism 

industries. In January 2011 the White House oil spill commission released its final report 

on the causes of the oil spill. They blamed BP and its partners for making a series of 

cost-cutting decisions and the lack of a system to ensure well safety. They also concluded 

that the spill was not an isolated incident caused by "rogue industry or	  government 

officials", but that "the root causes are systemic and, absent significant reform in both 

industry practices and government policies, might well recur". The first arrest related to 

the spill was in April 2012; an engineer was charged with obstruction of justice for 

allegedly deleting 300 text messages showing BP knew the flow rate was three times 

higher than initial claims by the company, and knew that Top Kill was unlikely to 

succeed, but claimed otherwise.[11] (emphasis added) 

 

Evidence of environmental degradation due to man’s engineering is everywhere. God is the best engineer. 

He is perfect. We are limited in understanding and knowledge. Men would reverse engineer things 

according to God’s design (airplanes from bird wings, etc.) and do not acknowledge that God is the 

source for all wisdom, strength, and creativity.  
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Technology is a gift from God. It is a tool that we are supposed to use to survive in this world and subdue 

the earth. As the Christian Reformed Church testifies [12], we are to be “grateful for the advances in 

science and technology, we make careful use of their products, on guard against idolatry and harmful 

research, and careful to use them in ways that answer to God’s demands to love our neighbor and to care 

for the earth and its creatures.” 

Like any other gifts from God, men can abuse it. Technology is not the solution to everything. Take the 

development of cars for example. It enabled a revolution in personal transportation.  But at the same time, 

it caused millions of deaths each year. The number of deaths due to automobile accidents reached 1.2 

million per year, and 50 million others were injured [13]. It is due to sin – sins of engineers and sins of 

drivers. We are living in a fallen world and have to deal with the consequences of sin every day.  

 

The sin of greed also plays a part in the degradation of our living environment. “Consumers’ continually 

growing appetite to acquire new products and their short courtship with them has kept manufacturers busy 

not only expending resources at an alarming rate, but also depleting these resources and giving rise to 

waste and pollution at a correspondingly increasing and disturbing rate.”[14] Auto companies spend 

millions on new tooling in order to churn out new models every year. Some new models only have body 

panel changes, mainly to satisfy the appetite of consumers who want new-looking cars. Even for major 

model changeovers that would involve significant redesign of vehicle components and systems, it would 

take years if not decades to iron out the mistakes made by design engineers. Many unnecessary accidents 

and recalls that follow which not only have wasted natural resources but also caused loss of human lives 

or personal injuries. As it is eloquently stated in [15], “we deplore the frequency with which new 

knowledge and the technologies which result from this new knowledge are used to increase the bondage 

of creation and to bring ever greater chaos, suffering, and death to our society.” 

Consumers’ greed is only part of the equation. Institutional sin is also represented by corporate greed in 

every aspect of commerce. In textile and apparel industry, more manufacturers are labeling bigger sizes 

with smaller numbers to boost a shopper’s self-esteem, encouraging them to spend more. An article that 

appeared in USA Today on June 23, 2011 mentioned that “clothing brands adjust sizes so women will buy 

more” [16]: 

And the trend is toward bigger sizes being labeled with smaller and smaller numbers as 

clothing designers — especially of more expensive brands — add inches to the traditional 

sizes, experts say. 
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It's known as "vanity sizing" — essentially, "when the price increases and dimensions 

decrease," says Tammy Kinley, associate professor at the University of North Texas 

School of Merchandising and Hospitality Management. 

 

Institutional sin is closely related to business ethics and organizational behavior. In the field of 

agricultural engineering, “most people fail to appreciate that their view of what food should cost is 

seriously warped by agribusiness”[17]: 

They don't realize that these multinational corporations, that care nothing about health, 

have perverted the entire system to provide "food" very cheaply through factory-farming 

methods. As a result many now believe real food should be inexpensive. For virtually all 

of human history, our ancestors paid proportionally far more for food, and many 

primitive cultures spend 75 percent of their time and money in simply acquiring food. 

One might not agree with the above assertion that these multinational corporations care nothing about 

health, but when push comes to shove, normally money (cost cutting) wins out in today’s business world. 

Unhealthy and processed foods are increasingly taking over Americans’ diet.  

Even though sin continues to taint the engineering profession, both at a personal level and institutional 

level, we still have hope. God’s common grace has been restraining the effects of sin in individuals and 

communities. This viewpoint is supported by the Scripture (II Thessalonians 2:7) and Christian literatures 

[18][19]. According to reformed scholar Louis Berkhof [20],   “[Common grace] curbs the destructive 

power of sin, maintains in a measure the moral order of the universe, thus making an orderly life possible, 

distributes in varying degrees gifts and talents among men, promotes the development of science and art, 

and showers untold blessings upon the children of men.” Other noted works on common grace include 

Abraham Kuyper’s book [21]. However, there are also those who disagree with the view of common 

grace, notably authors from the Protestant Reformed Churches (PRC) [22]. They explain it through God’s 

patience, instead of God’s grace. In my view, it is the same thing – it is all God’s goodness towards 

mankind.  

Solution to Sin Problems in Engineering 
	  

How to fix sin problems in engineering? The answer is loud and clear: Christ’s redemptive work, as 

evidenced by the following Scriptures:  
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Whoever commits sin also commits lawlessness, and sin is lawlessness. And you know 

that He was manifested to take away our sins, and in Him there is no sin. Whoever abides 

in Him does not sin. Whoever sins has neither seen Him nor known Him.Little children, 

let no one deceive you. He who practices righteousness is righteous, just as He is 

righteous. He who sins is of the devil, for the devil has sinned from the beginning. For 

this purpose the Son of God was manifested, that He might destroy the works of the 

devil.  (1 John 3:4-8) 

And she will bring forth a Son, and you shall call His name Jesus, for He will save His 

people from their sins. (Matthew 1:21) 

Since engineering is a work performed mainly in the mind, we need to renew our mind to have the mind 

of Christ,  

 

if indeed you have heard Him and have been taught by Him, as the truth is in Jesus:  that 

you put off, concerning your former conduct, the old man which grows corrupt according 

to the deceitful lusts, and be renewed in the spirit of your mind, and that you put on the 

new man which was created according to God, in true righteousness and holiness. 

(Ephesians 4:21-24) 

 

For "who has known the mind of the Lord that he may instruct Him?" But we have the 

mind of Christ. (1 Corinthians 2:16) 

 

We need to educate more engineers who know Christ, equipped with a solid Christian worldview, and 

understand his call to go into the world and bring about redemptive changes in the communities they live. 

Until one is born again, his worldview is flawed, as he cannot see the Kingdom of God (John 3:3). A 

biblical worldview is incomplete unless it encompasses a view of the world to come. Until a man is 

equipped with an eye of faith, he cannot see the unseen and the world to come. Before conversion 

happens, a Christian’s ethics is involuntary and tainted.  

The following is a run-down of my sharing with the students on a Christian worldview and how it relates 

to mechanical design: 

1. All things were created by God and for the glory of God (John 1:1-3; Hebrews 1:1-2) 

Mechanical components are no exceptions: 
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• Men only uses natural materials – they cannot create raw materials 

• In order for men to effectively rule over His creations, God reveals the laws of nature to 
men, in a gradual manner (Psalm 19:2) 

• Men, as God’s image bearer, also have creativity 

• Men’s creativity/inspiration is ultimately from God 

• Men’s strength is from God 

• Men make/invent things under the inspiration of God 

• Men sometimes do not give glory to God and take the credit for himself 

2. Christ holds everything together 

• The Son is the radiance of God’s glory and the exact representation of his being, 
sustaining all things by his powerful word. (Hebrews 1:3a) 

Think of the forces that holds atoms, molecules together. When Christ decides to withdraw 
the forces that hold everything together, the material world will fall apart or crumble.  

3. Men were created to manage the world (God’s creation) 

• To effectively manage the world, men need tools 

• Tools are made up of mechanical components 

• Complex tools are called machines 

• Complexity of machines calls for planning and designing 

Two categories of laws that God had set in motion at creation: 

• Natural laws 

– governs the relationship among physical objects 

• Moral laws 

– governs the relationship among human beings and would affect our 
relationship with God 

4. Men fell because of sin 

5. The world and all creatures suffer thereof and ever since and are waiting for redemption 



 13 

Conclusion 

Engineering is a gift from God to men, regardless of him/her being a Christian or not. This is part of 

God’s common grace to mankind. He gave men this tool to help them fulfill His call to “subdue the 

earth”. However, due to the fallen nature of men, engineering is also corrupted by sin. And this sin can 

appear in various forms, two of the common ones are personal and corporate (institutional) sins. 

Examples are given in each category. The only solution to this problem is the redemptive work of Jesus 

Christ.  

 

Acknowledgements 

Fruitful discussions with my faculty colleagues at Geneva College over the past five years are deeply 

appreciated. In particular, I’d like to thank Dr. James Gidley, Dr. Don Optiz, and Dr. Byron Curtis, for 

their guidance and suggestions of valuable resources to help me write on this topic. Special thanks go to 

Dr. Robert Howe, Mr. Arthur Bouwers, and Dr. Don Optiz, who went through the first drafts of this work 

and provided valuable feedback. I also appreciate the entire class of EGR 211 (Solid Mechanics) at 

Geneva College in the fall of 2012, and the senior class of MEE 408 (Mechanical Component Design) in 

fall of 2008, which were given a test run of my teaching of these materials in the undergraduate 

curriculum and helped stimulate my thinking. Part of this work was also presented at the Family Weekend 

event on campus in 2012 and I am grateful for the encouragement of some parents who reviewed the 

manuscript. I want to thank the two anonymous CEC conference paper reviewers, who not only provided 

excellent feedbacks on ways to further improve the manuscript, but also took the time to edit out 

grammatical and/or stylistic problems or imperfections in this work to make it more readable. Due to time 

constraints, not all suggestions for changes were implemented in time for this conference, but I am 

preparing to incorporate their suggestions into my future work on this topic.  

 

References	  

 
1. R. C. Sproul, K. Mathison, ed., “The Reformation Study Bible,” English Standard Version, Ligonier 

Ministries, 2005. 
2. M. Henry, “Matthew Henry’s Commentary on the Whole Bible”, New Modern Edition, Volume 3 of the 6 

volume set, Hendrickson Publishers, pp. 684-685, 1991 
3. L. Dovich, “Our Creator - The Master Engineer,” 30th International Seminar on the Integration of Faith 

and Learning, Sahmyook University, Seoul, Korea, June 16-28, 2002, 
http://www.aiias.edu/ict/vol_30/30cc_035-054.htm accessed on 10/19/12 

4. http://twitter.com/randyalcorn/status/243001762414485504 accessed on 10/19/12 
5. http://www.theopedia.com/Common_grace 



 14 

6. http://www.mastersconnection.com/index.php/archived-articles/general/1130-structural-engineer-in-action 
7. http://en.wikipedia.org/wiki/File:Beijing_national_stadium.jpg  
8. P. Xu and M. Chisholm, “China Tourists Twig to Beijing's Bird's Nest”, 

http://uk.reuters.com/article/2009/04/22/us-‐china-‐birdsnest-‐idUKTRE53L10L20090422, accessed 
11/19/2012 

9. http://edition.cnn.com/TECH/space/9909/30/mars.metric 
10. Arthur Bouwers, personal communications 
11. http://en.wikipedia.org/wiki/Deepwater_Horizon_oil_spill 
12. Our World Belongs to God, Contemporary Testimony of the CRC, 52, 

http://www.crcna.org/welcome/beliefs/contemporary-‐testimony/our-‐world-‐belongs-‐god, accessed 
5/30/2013 

13. World Health Organization, “Global Status Report on Road Safety – Time for Action”, 2009 
14. M. A. Ilgin, S. M. Gupta, “Remanufacturing Modeling and Analysis”, CRC Press, 2012 
15. Our World Belongs to God – A Contemporary Testimony Study Edition, Faith Alive Christian Resources 

published by CRC Publications, 1987, pg. 41 
16. http://yourlife.usatoday.com/your-look/story/2011/06/Brands-use-vanity-sizing-to-boost-self-

esteem/48743476/1 
17. http://articles.mercola.com/sites/articles/archive/2010/11/20/10-organic-foods-that-are-worth-the-

money.aspx 
18. The CRC church, “Three Points of Common Grace”, http://www.prca.org/articles/article_7.html 
19. T. Stewart, “The Restraining Influence of the Holy Spirit”, 

http://www.whatsaiththescripture.com/Prophecy/Restraining-of-Holy-Spirit.html 
20. Louis Berkhof, “Systematic Theology”, 4th ed., Grand Rapids: Eerdmans, 1979,  p. 434 
21. Abraham Kuyper, “Wisdom and Wonder – Common Grace in Science and Art,” Christian’s Library Press, 

Grand Rapids, MI, 2011 
22. B. Gritters, “Grace Uncommon -- A Protestant Reformed Look at the Doctrine of Common Grace,” 

http://www.prca.org/pamphlets/pamphlet_55.html 



 15 

 

The Queen of Engineering 
Randal S. Schwindt, Union University 

Abstract 

This paper explores beauty or aesthetics as it relates to engineering science and design.  Because modern 
science and engineering have developed largely in the West, the emphasis will be on classical, Western 
understandings of aesthetics, whose features include symmetry, simplicity, idealization/representation, 
and universality.  Western aesthetics is surveyed from the ancient, pagan Greeks through Christian 
thinkers such as Augustine and Aquinas.  The paper considers how these aesthetic concepts appear in 
engineering science and design and suggest how they have influenced engineering – how they have been 
imposed—and how they seem to emerge naturally from the engineering design process.  By way of 
contrast, the Eastern, Japanese aesthetics of wabi-sabi is briefly discussed as an alternative vision with 
some possible ramifications for engineering.  Finally, the paper will seek to ground the aesthetic concepts 
and their role in engineering in the Christian gospel: the Triune God, creation, the Fall, and redemption.  
While this paper can only introduce these deep subjects, it is hoped that Christian engineers will gain 
fresh, insightful, and useful perspectives which will inspire new ideas, better design, wonder, and 
worship. 

Introduction 

Engineering is a helping profession, a fact well-known at least to its practitioners.  Medical technology, 
communications, food production, transportation, buildings and roads, for example, improve the material 
well-being of human persons (at least, that is their intent and, undoubtedly on balance, their result).  That 
helping people is a central purpose of engineering is an ethical issue, hence a philosophical and 
theological one; it is at least part of the telos of engineering.  But of perhaps equal philosophical and 
theological significance is how engineers go about creating technological solutions, the creative process 
of engineering design, the logos of engineering.  I contend that the logos of engineering, the reason or 
wisdom of engineering, in particular as it is manifested in engineering science and design consists in large 
part of the pursuit of beauty, or, in philosophical terms, aesthetics. 

Beauty and Engineering 

Beauty or “elegance” is found throughout the pure sciences and mathematics in, for instance, the 
Copernican heliocentric model of the solar system (as opposed to the older, Earth-centered Ptolemaic 
model), the periodic table of the elements, the double-helix structure of DNA, Euler’s identity and its 
special case: 01=+πie .  The Nobel Prize-winning physicist Richard Feynman once observed, “You can 
recognize truth by its beauty and simplicity” [1].  Augros and Stanciu go so far as to say that “all of the 
most eminent physicists of the twentieth century agree that beauty is the primary standard for scientific 
truth” [2].  Engineering science likewise evinces elegance in, for example, the complementary operation 
of capacitors and inductors, the application of complex numbers in the analysis and design of AC circuits, 
and the application of the Boltzmann transport equation both to fluid dynamics and to charge transport in 
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semiconductors.  The engineer learns early to gain confidence if a solution unfolds elegantly – confidence 
even before the final solution is obtained. 

Similarly, in engineering design, beauty is a powerful guide and useful goal [3].  Elegant designs, 
typically characterized by the aesthetic qualities of simplicity, symmetry, proportion, and order, are good 
designs.  An inelegant design is the opposite and may be disparagingly termed a “kluge.” 

Examples abound.  Designing computers on the basis of binary arithmetic has allowed much greater 
progress in computer technology than designing on the basis of decimal arithmetic or even trinary 
arithmetic; the simplicity and symmetry of the binary system has proven crucial.  Transmission lines, as 
depicted in Figure 1, carry electrical power in three phases where the three phases are separated from each 
other by 120° (360°/3); this is more efficient with respect to power loss in transmission and is natural for 
both the generation of electrical power by generators and for the use of electrical power by AC motors.  
Likewise, the distributed model of transmission lines in Figure 1 exemplifies simplicity and symmetry. 
Machines such as the radial and V-8 engines and turbocharger shown in Figure 2 have lines of symmetry 
such that forces are balanced, structures are stable, and fluid flows in an optimal manner.  Similarly, civil 
engineering projects have embodied beauty in their design from antiquity to the present, from Roman 
aqueducts to the Golden Gate Bridge, where the elegant geometries are integral to function and not 
merely to appearance (Figure 3).  Computer programs developed in a structured, top-down design manner 
are more robust than spaghetti code.  In fact, not only do examples abound, it is impossible to find an 
engineered object that does not display characteristics of beauty.  Rube Goldberg machines like that in 
Figure 4 are amusing but the opposite of well-designed technological solutions; they are not robust to say 
the least. 

 

 
Figure 1.  The (a) design and (b) modeling of electrical power lines show simplicity and symmetry. 
 
 
Lawrence Kamm, an inventor and engineer, encapsulates this idea as he advises new engineers to “form 
the habit of critically examining machines, buildings, organizations, furniture, and everything you see for 
simplicity, aesthetics, economy, and functionality” [4].  Kamm also comments that “in science, art, 
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speech, writing, organization, and engineering, complexity is easy; simplicity is the result of great effort” 
[4].  However, this approach, though seemingly universal, is mysterious:  

Everyone is in favor of simplicity in design just as everyone is in favor of reliability, cleanliness, 
patriotism, and motherhood.  Like beauty, people can’t explain it, but they know it when they see 
it [5]. 

 

 

 

 
Figure 2.  Mechanical devices such as radial and V-8 engines and turbochargers exhibit beauty in their 
symmetry and proportion 
 
 
 

Figure 3.  From antiquity to modern times, civil engineering projects have employed beauty. 
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Figure 4.  A Rube Goldberg device, while amusing, is the antithesis of elegance and good design. 
 
 
But why does beauty “work”? 

One possibility is that beauty is simply one heuristic among many in the engineer’s toolbox.  Koen 
provides a typical definition of a heuristic: 

A heuristic is anything that provides a plausible aid or direction in the solution of a problem but is 
in the final analysis unjustified, incapable of justification, and potentially fallible [6]. 

This just pushes the question back one step.  Heuristics themselves typically have some element of 
beauty, often in the form of simplicity, symmetry, or similarity: working a problem backwards, 
employing analogies, simplifying, specializing, or generalizing the problem, reductionism, reductio ad 
absurdum, and so on [7].  Perhaps beauty is the über-heuristic, the heuristic that undergirds and 
overarches other heuristics.  So again:  Why does beauty “work”?  Koen’s definition of a heuristic takes 
sides on this question and states that ultimately a heuristic cannot be justified: the question “Why does 
beauty ‘work’?” cannot be answered. 

Beauty in the Western Tradition 

A historical review is in order to put into context the aesthetic concepts we are discussing.  From classical 
Hellenism through the Middle Ages, we receive “’the great theory of beauty’ as proportion or harmony” 
[8].   Indeed, Aristotle’s Poetics identified imitation, unity, and proportion, a certain appropriate 
magnitude, as characteristics of poetry, and in his Metaphysics, Aristotle observed that “the chief forms of 
beauty are order and symmetry and definiteness, which the mathematical sciences demonstrate in a 
special degree” [9].  Moreover, Aristotle asserted that “beauty is not relative in things,” that beauty has an 
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objective reality; beauty is not merely in the eye of the beholder [9].  Aristotle’s concern with beauty was 
earthly, whereas Plato’s main concern with beauty was transcendental. 

For Plato, beauty behaves as a canonical Platonic Form, possessing the reality of a Form and bears some 
close relationship to the good [10].  This accounts for beauty’s objective existence, refuting the contention 
that it is purely subjective.  Augustine, following Plato, agreed that beauty possesses its own objective 
reality, and its constitutive elements are equality, similarity, symmetry, concord, wholeness, unity, 
variety, variation, proportion, and so on; in summary, mensura (proportion) – species (kind) – ordo 
(order) [11]. 

Aquinas, following Aristotle, went on to identify three requirements for beauty: integritas, proportio, and 
claritas [12].  Integritas for Aquinas refers to wholeness:  “Beauty is the form of the whole, which issues 
from the integrity of the parts” [12].  Proportio, while suggesting the English “proportion,” denotes 
primarily how a beautiful image perfectly and appropriately represents an object [13].  Inherent in the 
concept of proportio is the idea that a beautiful object is a representative “fragment” of a greater “whole” 
[13].  Claritas is the culmination of beauty; it denotes the radiance, splendor, or brightness of the event of 
beauty [13]. 

But Again, Why? 

Clearly, beauty as understood by Feynman the physicist and Kamm the engineer fits squarely within this 
classical, Western tradition, with the emphasis on simplicity, symmetry, proportion, and even 
representation.  These elements of beauty are conceived to be universal, characteristic of all beautiful 
things and of all good engineering.  Of course, these elements of beauty are abstractions – as is beauty 
itself – but are held to have an objective existence.  Though abstractions, they represent things that are 
nevertheless real and even valuable.  In this, we hear echoes of Plato’s Forms.  Similarly, the competent 
engineer employs the simplest model of a system that will work to solve the problem.  In the use of an 
idealized mathematical model, the engineer takes a Platonic approach.  We see that the engineer’s work is 
thoroughly aesthetic: beautiful solutions beautifully obtained.  But beautiful in a thoroughly Western way. 

On a personal, individual level, we undoubtedly do this in part because it is how we have been taught.  It 
is in our cultural DNA, dating back thousands of years, not only to Aristotle and Plato, but also to Euclid, 
Pythagoras, and Archimedes.  The Greeks set the stage for us, and we’ve been acting on it ever since.  
Perhaps, as a colleague joked (half-joked?), we see what we are looking for [14].  Or perhaps we are 
acting out the joke about the man who is found looking around underneath a streetlight on a dark street.  
When asked what he is doing, he explains that he is looking for his keys.  He further explains that he lost 
them elsewhere, but he is looking under the streetlight, because that is where the light is. 

These explanations however do not address the truth claim of beauty, as expressed by Feynman and 
Kamm.  They do not address why this approach works.  Plato postulated his Forms, the deeper reality 
behind the reality we see.  But consider Augustine and Aquinas once more.  While Augustine was a 
follower of Plato’s philosophy and Aquinas of Aristotle’s, both were also deeply Christian in their 
thinking.  While both followed important aspects of the pagan Greeks, they reinterpreted their findings in 
a Christian, Trinitarian theological framework.  For Augustine, something can indeed be beautiful in an 
objective sense, but only because as a “fragment” it points to the “Whole,” the penultimate beautiful 
pointing to the Ultimate Beauty, the Triune God [15].  The Christian God replaces Plato’s Forms as the 
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ultimate reality from which everything, including truth and beauty, emerges and to which everything 
points.  Aquinas has a somewhat different approach in that God is not beauty per se but that the 
characteristics of beauty are actually defined with respect to the Trinity [12], [13]:  integritas – the Son as 
the incarnate Word is both part and whole of the Godhead; proportio – the Son is the perfect and 
harmonious image of the Father; claritas – glory, the beauty of the divine, shines forth.  In simple terms, 
beauty and truth are related because their source, end, example, and definition are in the Triune God [16]. 

Beauty in the Eastern Tradition 

That beauty should find its root in God is perhaps not a surprising result for a Christian.  However, that 
beauty as defined in the Western tradition, characterized by wholeness, symmetry, simplicity, and 
perfection, is rooted in God seems significant and raises questions.  In fact, the contemporary American 
academic study of aesthetics currently focuses on Eastern aesthetics, such as the traditional Japanese 
aesthetic wabi-sabi [17].  Eastern standards of beauty are in many respects diametrically opposed to 
Western standards.  “Wabi-sabi is a beauty of things imperfect, impermanent, and incomplete” [18].  
Wabi-sabi is “rustic,” “artless,” even “irregular” [19].  It is a humble and unpretentious aesthetic that is 
manifested in common materials and objects.  Wabi-sabi celebrates as beautiful objects that show signs of 
use, old age, and even decay, as shown in Figure 5.  The particular is emphasized over the universal. 

 

 

Figure 5.  Beautiful objects in the eastern, wabi-sabi tradition: rustic, imperfect, even decaying. 
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Art and objects in the wabi-sabi tradition possess an undeniable beauty, yet the Western tradition cannot 
really call them beautiful, because they do not meet its specifications.  More importantly for the engineer, 
it is not at all clear how an irregular, imperfect, and particular aesthetic could lead to good mathematics, 
science, or engineering.  In addition, Zen Buddhism forms the philosophical basis of wabi-sabi. 

At the core of both wabi-sabi and Zen is the importance of transcending conventional ways of 
looking and thinking about things/existence.  Nothingness occupies the central position in wabi-
sabi metaphysics just as it does in Zen [20]. 

This constitutes a theological problem in, for instance, the use of wabi-sabi art in Christian worship.  If 
Zen values and metaphysics are inextricable from wabi-sabi, then wabi-sabi is incompatible with 
Christianity, where, rather than nothingness, Jesus occupies the central position.  In the same way, this 
constitutes a problem for the use of wabi-sabi aesthetics by the Christian engineer.  Wabi-sabi has not 
been sanctified as Plato was by Augustine and Aristotle by Aquinas.  Yet it seems clear that wabi-sabi has 
real aesthetic merit which should be accessible for the Christian given that the Christian God is the God of 
all things, all truth, all beauty.  How can the wabi-sabi aesthetic be reconciled with Christ? 

Toward that end, it might be helpful to view the imperfect, particular beauty of wabi-sabi through the lens 
of the Incarnation, the frail flesh taken on by the Second Person of the Trinity to identify with Adam’s 
fallen race, a Good Friday aesthetic.  At the same time, the particularity of wabi-sabi may speak to the 
individuality and uniqueness of each human person who, though unique, bears the image of God.  Perhaps 
this humble perspective of identifying with the fallen can provide a valuable counterpoint for the engineer 
in the development of solutions to aid a fallen race. 

Perhaps wabi-sabi represents the not-yet aspect of the Kingdom, the imperfect now.  Christ’s crucifixion 
and resurrection won the war against sin and death, but the final battle is yet to be fought.  Perhaps the 
Western tradition represents the ideal, the fully-realized Kingdom to which we look forward.  From the 
two aesthetics, the image of the gospel emerges. 

At the level of engineering practice, wabi-sabi appears limited.  As previously mentioned, wabi-sabi 
would seem to be incompatible with the abstraction, idealization, and universality of mathematics.  To 
exclude the power of mathematics would devastate an engineering project.  Similarly, wabi-sabi would 
seem to be blind to the laws of chemistry and physics, which are crucial to modern engineering.  
However, wabi-sabi’s attention to the particular and inattention to the universal could have practical value 
in engineering at the level of the user interface, to creating solutions for different situations and persons.  
Indeed, Peter Boersma has used wabi-sabi as a guide for Web 2.0 user interface, as the diagram in Figure 
6 illustrates [21].  The “rustic,” fallen human must interface with the perfect. 
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Figure 6.  Applying wabi-sabi concepts to designing the human interface. 

Conclusion 

We have seen that the scientist’s, mathematician’s, and engineer’s adherence to beauty is not only 
historical and cultural, but philosophical and theological.  To consider beauty is to consider what is real 
and what the nature of the universe is – ontology – and to consider the nature of knowledge and what is 
knowable – epistemology.  Koen, the champion of heuristics (of which beauty is first), is at a loss 
philosophically to explain them.  For the Christian, beauty’s role in engineering is cause to wonder at the 
beauty, wisdom, and love of God, and it may provide an opportunity to prompt gently the unbelieving 
lover of beauty to consider more deeply the reality of beauty and his or her love of it. 

Theology was once called the queen of the sciences.  In more recent times, mathematics has displaced 
theology as the recipient of that title.  In an analogous way, we might be inclined to see science, 
mathematics, business, or art as the queen of engineering.  Perhaps it would be best to crown beauty the 
queen of engineering and theology the queen of beauty. 
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Toward a Meaning-Filled Introduction to Holistic Engineering 
Kevin J. Timmer, Dordt College 

Abstract 

I recently revamped my first semester freshman engineering course from what might be characterized as 
an introduction to engineering science to more of an experiential, hands-on introduction to the practice of 
engineering.  The new course format not only serves our students better as they try to discern their calling, 
but also provides an ideal platform for a more meaningful introduction to holistic engineering; that is, 
engineering done in the full context of a Christian perspective of reality. 

In this paper I outline my biblically based definition of holistic engineering and show how past practices 
in my freshman engineering course may have impeded student engagement with the full meaning of this 
concept.  The instructional methods used for three specific hands-on activities (a creativity exercise, a 
reverse engineering project, and a biomass cook stove design project) incorporated in the modified course 
and their corresponding contributions to meaningfulness are described in detailed. 

Introduction 

If your engineering department is anything like ours, the freshman engineering course syllabus is about as 
stable as the springtime weather is in Iowa.  As judged by the large number of ASEE conference papers 
each year devoted to improving the freshman engineering experience, this itch is apparently no less 
prevalent in the broader engineering education community.  Many of these changes are likely motivated 
by poor retention in engineering programs.  When you have all those students come through the door on 
day one, it feels like you should be able to do something to excite them about engineering and make them 
want to stay.  However, when the engineering department at Dordt College took to our latest revamping 
of the freshman sequence four years ago our first concern was not retention, although we were coming off 
an exceptionally poor year, but was instead the ambivalence shown toward engineering in general and the 
introductory course in particular that was even being demonstrated by many of the students that chose to 
stay in the program.  They did not seem to be catching the full vision of the exciting call to serve God 
through engineering.  Inspired by the textbook Exploring Engineering: An Introduction to Engineering 
and Design [1], we transformed the freshman course sequence from what might be characterized as an 
introduction to engineering science to more of an experiential, hands-on introduction to the practice of 
engineering.  I realize that this may sound like just another sweep of the same old freshman engineering 
course pendulum, oscillating between entertaining engagement and academic rigor.  However, what we 
actually stumbled into is a course format that not only shows our students what engineers do but also 
tangibly connects that work with the commitments of their hearts.  Significant changes were made to the 
two course freshman sequence.  Since I only teach the fall semester course, I discuss modifications I 
made to it. 

The bulk of this paper is dedicated to detailing some of the unexpected opportunities this new format gave 
to implement the biblical principles undergirding holistic engineering.  In the past, approximately a third 
of the introductory course was devoted to laying out a biblical foundation for technology through 
readings, lectures, and discussions.  These perspectival discussions often felt a little tacked-on as they 
were not easily integrated through the rest of the course materials.  However, in the modified course 
several key Christian philosophical principles, including the multi-aspectual nature of reality, the value-
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laden nature of technological artifacts, and seeing engineering as meaningful service, flow directly from 
and through the hands-on activities.  After three iterations of the course the author is convinced that this 
hands-on approach to the course not only serves the freshmen better, since it introduces them to the 
practice of engineering, but also offers an opportunity to engage a biblical perspective on engineering in 
its full context.  The result is a more meaningful introduction to holistic engineering that acknowledges 
the complexity of the created world and the corresponding richness of the engineer’s call to serve in it.  
And also, not insignificantly, the new structure seems to have improved retention. 

Holistic Engineering Defined 

Technical specialization can easily lead to narrowness during the design process.  Recognizing the 
potential dangers of this narrowness Martin and Schinzinger suggest that engineers need “… wide 
training in disciplines related to engineering and its results, as well as the need for a constant effort to 
imaginatively foresee dangers” [2].  While one’s engagement with the design process is likely improved 
by a broad education, holistic engineering encompasses much more than just a cross-disciplinary 
approach to design and engineering education.  As used in this paper “holistic engineering” is understood 
to be a vision for technological culture making that is holistic in that it (1) is rooted in a biblical 
understanding of creation and humanity’s calling in it, (2) includes the technological artifact’s entire life 
cycle from inception to recovery, and (3) recognizes the diversity and complexity of the created reality 
and seeks to design normatively in that context.  The definition of holistic engineering that I am using 
here is modeled after the definition of sufficient design found in Responsible Technology [3].  Each of 
these characteristics of holistic engineering is briefly fleshed out below. 

Holistic in the Depth of Its Root 
The concept of holistic engineering is rooted in and derives its meaning from God’s word.  The Bible 
proclaims Christ as sovereign creator, sustainer, and redeemer of all things (Colossians 1:16-20) and 
therefore our engineering, as well as the rest of creation, can only find their true meaning in perfect 
service to Him.  In the initial chapters of Genesis, God is calling humanity to be stewards or managers of 
His creation, to bear His image by ruling it as loving servants.  To do this as He intended, God has asked 
us to live in perfect relationship with Him, each other, and the rest of creation.  Shalom is the perfect 
harmony that results when everyone and everything is in right relationship all the time [4].  As stewards 
God expects us to serve creation by enabling it to flourish in every conceivable way.  The human and 
non-human creation is enabled to flourish by becoming everything God created it to be.  This condition 
existed before Adam and Eve’s fall into sin and its complete restoration through Christ was visioned by 
Isaiah (Isaiah 11) and John (Revelation 21).  Flourishing certainly means that creation is allowed to thrive 
in its natural state, but it also includes responsible unfolding or development of the creation through our 
technological activities.  Through obedient development we enable the creation to bring praise to God in 
ways that would not be possible without human involvement.  In keeping with God’s plan of shalom, 
obedient engineering unfolds creation so the whole of creation, including humanity, flourishes.  When we 
steward or serve creation in this way, we cultivate shalom.  The authors of Responsible Technology 
describe our technological task 

… as a form of service to our fellow human beings and to the natural creation.  This means that 
we are to develop technology in such a way that the blessings, riches, and potentials God has put 
in creation are allowed to flower.  We are called to do technology in such a way that the creativity 
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and joy for which God created men and women can exist in abundance, the riches of the physical 
world can be uncovered and utilized, and the plant and animal worlds can be perceived and used 
for what they are and for what God intends them to be. [5] 

Christ calls each of us to be His disciples by seeking His kingdom first, a kingdom of shalom.    As 
shalom seekers we strive to show God’s love to our neighbors and to the rest of creation by being loving 
servants.  This vision of shalom forms the foundation of our view of holistic engineering, directing us to 
assist in restoring relationships to the way they were intended to be. 

Holistic in Its Breadth of Activities 
Holistic engineering is a broad concept that includes all the activities related to technological culture 
making.  At a minimum these activities include the identification of a legitimate need as well as the 
design, production, distribution, use, and recovery of the artifact [3].  The entire technological process 
must be properly orchestrated if shalom is to be achieved. 

Before pencil is put to paper, it is critical that our view of the world and our role in it be in clear focus.  
Engineers are called to see the technological needs around them and then help others and the rest of 
creation to flourish by appropriately meeting those needs.  Legitimate needs certainly include the basic 
needs of food, shelter, clothing, and healthy ecosystems, but it can also be legitimate to unfold various 
technologies that enable particular parts of creation to flourish by bringing glory to God in new ways.  
However, we must be careful here.  While our call to unfold the creation might suggest that all 
technological development is legitimate, we must be sensitive to the particular context and our primary 
responsibility of seeking shalom.  First, we must be able to see all of the needs that have been placed 
before us and prioritize them appropriately.  Secondly, we must be sensitive to the culture around us and 
make sure the technologies we develop are helping others and the rest of creation to flourish.  In response 
to the development of unnecessary gadgets, Charles Adams suggested that if we are meeting a legitimate 
need our technologies should: 

• Encourage people to be more energetic; not lazy 
• Enable people to be physically and emotionally healthier 
• Encourage people to be better stewards 
• Encourage people to develop their intellects 
• Enhance clear communication and social interaction 
• Encourage people to act justly and lovingly toward their neighbor 
• Enhance the non-human creation [6]. 

Identifying a legitimate need gets us started down a good path.  However, holistic engineering also 
requires that every aspect of our design work, production method, and distribution plan, as well as how 
the object is used and recovered, must be God glorifying and must all fit together in a harmony that builds 
shalom.  Space does not allow us to detail these tasks here as entire volumes may be required to begin to 
do justice to them.  A kingdom vision requires that our development of technology, from our very 
understanding of what constitutes a problem through to the artifact’s production and recovery, must be 
directed by a comprehensive view of Christ’s kingdom; it must be holistic engineering. 

Holistic in the Breadth of Its Approach  
Holistic engineering finds its true meaning in its biblical foundation but is tangibly expressed through 
doing engineering.  Like all culture making, engineering work shapes the future by opening up certain 
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possibilities while simultaneously making others more difficult [7][8].  Therefore, a technological artifact 
is biased by the designer’s view of what the future should be.  In spite of her own views, the designer may 
often uncritically accept the vision of the future put forth by the corporation and the surrounding culture.  
A vision for holistic engineering requires that our culture shaping be done in response to God’s call to 
seek shalom.  It requires that our engineering service be directed toward enabling others and the rest of 
the creation to be what God intended; to help them flourish.  To accomplish this task, an engineer needs 
to appreciate the full complexity of reality.  The world we live in is multifaceted and the artifacts we 
develop function within that complexity.  Engineers often focus on the physical and financial aspects of 
their engineering but they also need to consider the stewardship, cultural, social, and ethical implications 
of their activities as they do their work in a sin-twisted world.  The authors of Responsible Technology 
have listed many of the various aspects of reality and have suggested biblical norms to help guide 
engineering work toward shalom [9].  Holistic engineering recognizes and respects the diversity and 
complexity of created reality.  It acknowledges that shalom-seeking design must strive for flourishing in 
every way in which it interacts with the rest of creation.  This is an incredibly large task that requires an 
equally large measure of creativity, available only as a gift of God’s grace.  The authors of Responsible 
Technology state it well:  “If an object is to function well in all of its aspects, they must be taken into 
account in its design.  And that is what holistic design seeks to do” [10]. 

Summary 
Holistic engineering is meant to be a rich and inspiring vision for the way engineering is supposed to be 
done.  It is grounded in a biblical understanding of God’s call to loving service and encompasses all 
aspects of the engineering process as it engages complex reality.  It is a vision for Christ-centered 
engineering work that is meaningful because it is service that seeks to bear witness to Christ’s kingdom of 
shalom in all that it does.  Holistic engineering in all its fullness is an unattainable goal on this side of 
Christ’s second coming, but is a goal that should guide all our engineering work. 

Previous Course Barriers to Meaningfulness 

One of my primary goals for my freshman engineering course is to introduce my students to the exciting, 
rich, meaning-filled call to serve by seeking Christ’s kingdom through holistic engineering.  In the past, 
even though I often had a good relationship with the students, most of them did not seem particularly 
inspired by the introductory course.  The level of engagement in the course and the corresponding student 
retention rate often seemed to depend on group dynamics.  The presence of a few vocal students with 
positive attitudes would generate a positive vibe that would make for a better than average introductory 
experience for all students and would often lead to higher retention.  Likewise, a critical mass of negative 
attitudes would swing things in the other direction.  While I am sure that the experience of past students 
was not all bad, it did suffer from a number of shortcomings, which resulted in a mediocre course that 
was more susceptible to the whims of class attitude.  I will briefly describe what I believe were the main 
weaknesses. 

Abstraction Bears Its Fruit  
Historically, the Dordt College introduction to engineering course has tried to achieve several key 
objectives.  As a department we wanted to: 

• excite and challenge the freshmen with a biblical perspective on engineering  
• expose them to the engineering career fields 
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• discuss our curriculum and help them plan their program of study 
• review some high school math basics 
• introduce select engineering science topics 
• introduce engineering tools, like solid modeling and spreadsheets 
• give them an engineering design experience  

While it may be argued the course was trying to achieve too much, the structure of the course presented a 
greater problem.  Each course objective was addressed individually and was often quite disconnected 
from the rest of the material.  This was particularly concerning with regard to the biblical foundations 
piece.  The integral nature of a Christian perspective was a point of emphasis in these discussions, yet that 
biblical perspective was noticeably absent from much of the rest of the course, with the design project 
being a notable exception.  This weakness had been recognized for a long time but was not easily 
resolved.  Much of the lecture time in the course was devoted to introducing engineering science topics 
like statics, strength of materials, and circuits.  The world of vectors and current loops is an abstract 
world, one in which it is difficult to regularly and meaningfully engage a Christian perspective on 
engineering.  A Christian perspective on engineering flowers more in the wholeness that characterizes the 
doing of engineering rather than in the study of abstract engineering principles.  So while the perspectives 
piece introduced a biblical understanding of the practice of holistic engineering, much of the rest of the 
course was devoted to the introduction of engineering science principles.  This instilled a sense of 
disconnect and may have inadvertently given some students the impression that holistic engineering is 
nothing more than impractical idealism. 

Engineering Science vs. Engineering  
As noted in the previous section, much of the freshman course was devoted to engineering science topics, 
rather than the practice of engineering, in an effort to give the freshmen a jumpstart in some of the upper 
level engineering courses.  Engineering science, like other scientific investigations of creation, strives to 
understand fundamentals through abstraction, by putting the wholeness and complexity of reality to the 
side for a moment so as to focus on a single aspect or two of reality.  While the abstraction associated 
with engineering science is a necessary tool for doing engineering analysis, it is not the essence of 
engineering.  In fact, in many ways engineering could be characterized as the opposite of abstraction.  
After all, engineers design whole things, for real people, functioning in a complex world, and therefore 
need to simultaneously consider all aspects of the world.  Most freshman engineering students do not 
have a clear understanding of what engineers do.  Focusing our introductory course on engineering 
science content may have unintentionally given the students a distorted picture of engineering practice.  
This picture suggests engineering probably has more to do with sterile vector problems than it does with 
the exciting development of tangible things.  By contrast, introducing freshmen to engineering in its 
wholeness may help them glimpse the larger picture of engineering practice that their education is 
preparing them for.  This vision may serve as a source of motivation for future engineering science 
coursework by showing them how these courses fit into the larger context of their engineering education. 

Design Project Shortcomings  
In the previous version of the course, engineering practice was introduced by describing what engineers 
do and the skills required.  It was exercised through a small design project.  Engineering is a human 
activity and a good way to learn about it is to engage in a supervised design project.  Over the years I 
have structured the freshman project several different ways.  However, regardless of the approach used, 
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the benefits of the freshman project have often seemed incommensurate with the amount of time required 
of the students and the instructor.  A few of the issues I have encountered in the past are described below. 

A previous design project format allowed each student to select their own project idea.  Most of the 
students enjoyed the freedom to identify a real problem that was of interest to them but there were also 
those who were intimidated by this process.  In addition, while real problems can be engaging, they can 
also easily grow too large.  Freshman engineering students generally lack the technical knowledge and 
skill-set required to properly analyze and fully specify a design to meet a need.  Coupled with the limited 
amount of course time allocated to the projects, students would often become frustrated with the 
complexity of their project or would lose interest when they were forced to make numerous simplifying 
assumptions so they could at least do some analysis.  This type of project also demanded a great deal of 
the instructor’s time, coaching the students one-on-one through their individual project.  Tackling real 
problems in their full context offered some potential to meaningfully engage holistic engineering 
concepts, but the meaning was tied to the complex reality of each individual project, which also required 
instructor mentoring to help bring it to light.  While I appreciated the mentoring aspect of this 
arrangement, growing enrollment has made intense one-on-one support untenable.  The projects 
culminated in nothing more than a written report which was also less than satisfying for many students.  
There is something deeply satisfying about physically holding in your hand the actual product of your 
creative effort.  Also, because of the complexity of many of the projects, the reports often lacked depth 
and contained numerous loose ends.  So while this project format offered the potential for meaningful 
engagement in holistic engineering, it rarely delivered. 

In response to some of the challenges of the previously described format, an alternate format allowed 
students to choose between two or three preselected projects with very limited scope.  These projects 
were often more satisfying for the students because the instructor was able to lead the students through a 
more in-depth analysis and they often resulted in the construction of a prototype.  Practically speaking, it 
was a challenge to generate a good set of projects each year that would appeal to most of the students, 
would require roughly an equal amount of effort, and would be easily prototyped.  Although these design 
problems were set in a context, the students were not asked to engage in holistic engineering but rather in 
a very narrow design exercise.  The limited nature of the projects distanced them from reality, which 
tended to strip much of the meaning from the process.  I have resisted using design competitions for this 
same reason.  A contrived need for a device that captures tennis balls faster than a competitor under 
specific constraints might make for a good exercise in creative design and fabrication, but does not easily 
lead to questions of how we are to use our engineering skills to serve others and the rest of the creation.  
When removed from their context, design exercises often fail to bring to life the meaning-filled breadth 
and depth of holistic engineering. 

Summary and Results 
In the past our introduction to engineering course has been more of an introduction to engineering science 
plus an introduction to a biblical perspective on holistic engineering.  The course exposed students to 
some upper level engineering science topics, introduced them to the engineering design process, and 
challenged their perspective but rarely fully engaged them.  For many students the engineering science 
felt detached from real engineering and although the students were intrigued by the perspectival material, 
it was easily put aside when not meaningfully applied.  The less than inspiring character of the course 
content left its success in the hands of the vocal few that controlled the class dynamic.  In retrospect, the 
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course failed to actively engage the students in meaningful holistic engineering; and based on my 
experiences these last three years, I believe freshman students come to our engineering programs looking 
for Christian meaning.  They need to see, know, and experience how the convictions of their heart can 
positively impact the world through the exercise of engineering.  If they do not find meaningfulness in 
engineering, the academically gifted students are prone to go looking for it in other challenging majors.  
The less academically gifted may not be inspired to work hard for the degree and will seek less 
challenging majors to pursue.  This same general sentiment was recently expressed by Gary Bertoline, 
dean of Purdue University’s College of Technology while speaking at the U.S. News STEM (Science, 
Technology, Engineering, and Math) Solutions 2012 summit: “It is about the kinds of programs you offer 
and how they’re offered – you need project-based learning, you need to bring meaning to the assignments 
you give.  Even if teachers do a great job of teaching STEM concepts, they have to be able to give the 
material meaning for students if they expect them to stick with it” [11]. 

Toward a More Meaning-Filled Introduction to Holistic Engineering 

The textbook Exploring Engineering: An Introduction to Engineering and Design [1] inspired the 
department to try a more hands-on, applied approach in the freshman course.  In conjunction with 
adapting more of an applied engineering approach for the lecture portion of the course, the lab portion of 
the course was transformed into an engineering studio component.  While much of the sketching and solid 
modeling activities were retained from the original course, the new studio format has enabled the 
inclusion of additional hands-on engineering activities.  During the remaking of the course it became clear 
that some of the key principles of biblically based holistic engineering could be meaningfully integrated 
into the hands-on studio exercises.  Following is a brief description of the three main hands-on exercises 
that I have added and their contribution to the enhancement of meaning in the introductory course. 

Exercising Creativity  
After listening to a presentation on divergent thinking a few years ago, I became convinced that our 
engineering students would benefit from some instruction in these methods.  One of the speaker’s main 
points was that children are bursting with creativity but an over emphasis in our schools on critical 
thinking that leads to one right answer has often squelched it by the time they enter college.  Robert 
Harris describes creativity, as an “ability to generate new ideas by combining, changing, or reapplying 
existing ideas.”  Creativity springs from an attitude that is willing “to play with ideas and possibilities,” 
initiated in the “habit of enjoying the good while looking for ways to improve,” and is practiced in the 
hard work of refinement [12].  Engineering, done well, approaches problems with out-of-the-box, 
creative, divergent thinking and then goes on to develop particular concepts with convergent, critical 
thinking skills.  Further, biblically based, holistic engineering that is seeking complete shalom requires 
creative approaches to problems that do justice to the full spectrum of reality. 

A goal of these exercises is to reawaken the creative abilities of the students and to emphasize the 
importance of those skills in doing holistic engineering.  I devote the first studio period of the semester to 
these activities not only because they are an interesting way to begin engaging engineering but because 
they also serve as a social mixer.  I begin by describing divergent thinking, creativity, and the importance 
of these to holistic engineering.  Following the brief introduction, the students are randomly divided into 
groups of two or three.  I ask them to spend a few minutes introducing themselves and getting to know 
their group members.  The first two activities are “New Uses For” exercises.  For the first exercise I hand 
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each group a nail, birthday candle, and piece of aluminum foil and they write down as many uses for them 
individually or in combination as they can in ten minutes.  The groups share their ideas and we make a bit 
of a competition out of it.  The second exercise is very similar to the first.  New groups are formed and are 
tasked with finding as many uses for a “waste stream”; the circular pieces of paper generated when paper 
is three-hole punched.  My personal favorite suggestion to date is to use the dots to make a repair kit in 
case someone accidently three hole punched their paper.  A third creativity exercise mixes the groups 
again and is a greatest span, bridge building competition using five sheets of used computer paper and 
three feet of masking tape.  To wrap up I discuss how divergent thinking and creatively approaching 
problems is tied to our responsibilities as holistic designers of artifacts that will function in a real and 
complex world.  Biblically normed holistic design will often require creative, counter-cultural thinking to 
fully realize its goals.  I reiterate this point throughout the semester in the context of our design 
discussions and projects. 

Reverse Engineering  
During the summer before the students arrive on campus, I send the freshmen an email welcoming them 
to the engineering program and inviting them to take a broken power tool or appliance along to campus if 
they have room in their vehicle.  About a third of the way through the semester, the students spend a 
studio period disassembling the equipment in groups of three or four.  Of course one of the goals of the 
project is to have them figure out how the thing works.  Doug De Boer (electrical) and I (mechanical) 
roam from group to group and offer help when we can.  This is a fun way to exercise their curiosity and 
intuition and to look at the design process in reverse.  Another requirement of the project is that they 
practice their free-hand sketching by drawing some part or assembly of parts from their artifact.  
Exercising sketching skills, learned earlier in the semester, in this context, helps the students to see the 
relevance of these skills to engineering practice.  A third requirement tries to help them understand the 
biased nature of design.  Students are asked to try to ascertain what the original engineer valued while 
designing the tool or appliance.  This builds on a class discussion in which engineering design is 
described as a process of making choices based on what the designer or the company values or believes to 
be important.  The students then take this a step further and try to imagine how the object might look 
differently had the designer held different priorities. 

The reverse engineering project has been thoroughly appreciated by most of the students.  It is a hands-on 
activity that brings the engineering process to life.  The non-neutrality of technology [13] is a critical 
concept to grasp if one is to take holistic engineering seriously.  In the past this was a lecture/discussion 
topic that students often had difficulty accepting.  I believe part of this confusion stems from the use of 
the term value-laden as proposed by the authors of Responsible Technology.  Students get confused and 
tend to object because they do not like the idea of an inanimate object having values like a person has 
family values for example.  “How can a toaster have values?” they say.  To avoid this confusion I have 
started using the term “biased” instead of “value-ladenned.”   I believe this vocabulary change has helped 
clarify this issue considerably.  I also believe the reverse engineering project has brought it to life in a 
way that a classroom discussion alone could not.  Right there, on the work bench in front of them, is an 
artifact that if durability, recyclability, sustainability, or reparability had been a priority, it would have 
generally been designed much differently.  At that point, the existence of valuing in the design process 
becomes undeniable.  Once they grasp the biased nature of design, it is a natural extension to discuss with 
them how those biases shape the use of the artifact, as well as the user and their community. 
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Design Project: An Improved Biomass Cook Stove 
The newly configured freshman design project tries to be a meaningful, hands-on introduction to holistic 
engineering.  It is completed in three independent phases spread throughout the semester: a background 
research phase, a design phase, and a construction/testing phase.  For the research phase I ask all of the 
students to do a background research paper on the problems associated with cooking over an open fire 
and on the basic operation of a TLUD (Top Light Up Draft) biomass cook stove.   

Nearly half of the world’s population relies on biomass to cook their food each day.  There are several 
negative consequences that flow from this reality.  Women and children, in particular, are exposed to the 
harmful chemicals in smoke resulting in elevated levels of eye cancer and lung-related diseases leading to 
an estimated 1.9 million premature deaths each year [14].  In many areas of the world where biomass is 
scarce, women and children often spend a considerable portion of their day gathering biomass, keeping 
children from school and mothers from meeting other basic needs of the family.  Biomass has the 
potential to be a sustainable energy resource, but in many locations trees are being harvested faster than 
they are growing, causing deforestation and allowing deserts to expand. 

One way to begin addressing the problem is through the utilization of TLUD cook stoves.  TLUDs have 
been developed to be clean burning and are considered to be at least twice as efficient as cooking over a 
traditional three stone fire.  By simultaneously reducing pollution levels while improving energy 
efficiency, health and resource concerns are both addressed.  The TLUD stove is designed around the 
principle of biomass gasification.  Gasification is a natural process that occurs as an integral part of 
biomass combustion.  When biomass materials are heated above ~250°C they begin to break down and 
release a large variety of combustible gases including CO, H2, CO2, CH4, as well as larger hydrocarbons.  
In the absence of external oxygen this process is known as pyrolysis but when 10-50 percent of the 
oxygen required for complete combustion is provided, it is called gasification.  During this type of 
thermal processing, up to 85 percent of the mass of the material can be converted to gas, leaving behind a 
carbon-rich, black solid known as charcoal.  If the combustible gases mix with sufficient oxygen after 
they are released and are hot enough, they will burn, resulting in a visible flame and releasing a net 
amount of thermal energy.  However, if the evolved gases are too cold or there is insufficient oxygen, 
combustion will not occur and the larger hydrocarbons, will condense as aerosols (often called tar), 
forming visible smoke.  In open fires wind, wet fuel, and natural convection can prevent complete 
combustion, generating unhealthy smoke. 

TLUD cook stoves are designed to physically separate the gasification step from the combustion step with 
the goal of ensuring reliable, complete combustion.  The operation of a basic tin can TLUD is illustrated 
in Figure 1.  Biomass is placed in the bottom of a tin can and lit from the top.  Several holes punched in 
the bottom of the can provide primary air, which supplies just enough oxygen to keep the biomass 
smoldering like the end of a cigarette.  The partial combustion that takes place at the smoldering biomass 
releases enough thermal energy to sustain the gasification of the surrounding biomass.  The hot 
combustible gases, released from the biomass, rise to the top of the can where additional oxygen is added 
with the secondary air, igniting the gases as shown.  A properly functioning TLUD stove is virtually 
smoke and pollution free as all of the gases released from the biomass must pass through the flame at the 
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top and are burned up.  TLUDs also improve energy efficiency as most of the thermal energy is directed 
upward toward the kettle. 

 

 

Figure 1.  Basic TLUD operation 

 

TLUD cook stoves are not new.  In the nineteen eighties Terry Reed developed the Wood Gas Stove™ 
for camping and it is still being sold today.  During the last few years, a large number of different biomass 
cook stoves have been developed for particular third world situations in an effort to alleviate health and 
resource issues.  I first heard about TLUD stoves from Paul Anderson, an enthusiastic advocate, who 
spoke at a biochar conference at Iowa State University in 2009.  Since then I have found a wealth of 
information on the internet.  To get their research started, I direct students to the website, 
bioenergylist.org.  It provides information on health concerns, TLUD cook stove design and operation as 
well as other related technologies, and points them to additional references. 

During the second phase of the design project, I lead the students through a traditional design 
methodology and ask them to identify a particular aspect of the TLUD stove they would like to try to 
improve.  For example, basic TLUD stoves lack temperature control and students often design a TLUD to 
meet this need.  Each student goes through the design process and writes a report summarizing their 
efforts.  This format has proven to be a good balance between giving the students too much freedom in 
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their project selection and not enough freedom.  The particular design projects are selected by the students 
and reflect their interests but are all variations on the same theme, which has helped to contain the scope. 

The third phase of the project is a construction and testing phase that is not necessarily directly related to 
the design phase.  In groups of three, students design, construct, test, and redesign a functioning tin can 
based TLUD cook stove during two three-hour studio sessions.  The design they choose to build may be 
one of the group member’s phase II designs but I do not require it.  I encourage them not to get too 
elaborate with their first iteration to ensure they have enough time to construct and test it.  Throughout the 
semester I collect a variety of cans from home and visit the college food service for a few commercial 
sized cans.  I also provide sheet metal, metal rod, wire mesh, and other miscellaneous consumables.  The 
students are given instruction on safe use of tools and general shop procedures, including repeated 
reminders to wear leather gloves when working with the sharp edges of the cans.  Working as teams, most 
of the stoves are fabricated within two hours with some groups spending up to four or five hours.  The 
stoves are tested using purchased wood pellets.  Although the Boy Scouts would likely not approve, I 
have found that a propane torch is an effective tool for lighting the wood pellets from the top.  The basic 
functioning of these stoves is fairly robust, with most working on the first try and the rest with some 
minor modifications.  If a particular design is having problems, it is generally because of a lack of 
secondary air, which results in lots of smoke as the pellets continue to smolder, a lack of primary air, 
which also produces some smoke but the smoldering tends to die out, or too much primary air, which 
results in direct combustion at the wood pellets.  The performance of most of the stoves is improved with 
the addition of a flame concentrator to stabilize the flame and a short smoke stack (a soup can minus the 
top and bottom) to create a better draft.  An example of a successful stove is shown in Figure 2.  Once the 
group has a functioning stove, I ask them to either modify their stove to try to improve its performance or 
to do a brief experiment with the stove, testing other types of biomass for example.  Each group submits a 
three page report summarizing their design, its construction, and what they learned during testing. 

 

Figure 2.  TLUD Cook Stove in Operation 
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The biomass cook stove project has been successful on many levels.  The most important improvement to 
the course, and the focus of this paper, has been its contribution to making the introduction to holistic 
engineering more meaningful.  I believe that for many of the students the cook stove project clarifies the 
connection between engineering and their heart.  They see how they can be a witness to Christ’s kingdom 
by seeking shalom through their engineering without a mountain of abstraction blocking their view.  The 
problem and need are very real and in the design of a cook stove the students see their engineering can 
make a difference.  Of course, this should be true of all engineering projects.  Designing a better loft for 
the college dorm room also makes a difference and in its design it certainly offers an opportunity to show 
love to our neighbors and to care for the rest of the creation.  What I think is exciting about the cook stove 
project is that the students are able to catch a glimpse of the vision for what, in theory at least, could be a 
truly holistic, shalom-bringing technology.  A well-designed stove potentially enables flourishing by 
improving health, alleviating the physical burdens of fuel gathering, improving environmental 
stewardship, freeing up time for education, generating a use for used tin cans, stimulating local economic 
development, and collectively reversing the downward spiral of poverty.  In addition, as a relatively 
simple project the students are able to begin to grasp the nature of holistic engineering by considering, 
and having control of, the entire engineering process for the stoves from the identification of the need, to 
the repurposing of the tin cans, through to use, repair, and eventual recycling or reuse of the parts.  They 
are able to think about how each of these might play out in a particular context and are able to begin to 
identify important questions about the local culture.  They realize they need to know about the prevalence 
of metal-working skills and the potential for local manufacturing, the availability of local materials 
including tin cans, and required cooking temperatures and cooking times of local foods.  They are also 
able to begin thinking about how this technology might shape the culture it is used in. 

The cook stoves are also successful on a practical level.  They are an inexpensive, hands-on project that is 
relatively easy to build in a short amount of time.  They are interesting and they work.  The science 
behind TLUDs is fascinating.  I think most of the students have grown up with some level of curiosity 
about fire and it is fun to explore that phenomenon with them.  The TLUDs have also spurred interest in 
biomass-based renewable energy engineering by introducing pyrolysis and gasification concepts that are 
at the forefront of many technological developments in this field.  

Conclusion and Future Possibilities 

I believe most of our freshman engineering students come to us looking for meaning.  They need to see 
and experience tangible evidence that the commitments of their hearts can bear fruit in the field of 
engineering.  Because the introductory course is the first of relatively few places in the engineering 
curriculum that we spend significant time dealing with the whole of engineering, it is important that we 
get it right.  While there is still much room for refinement, I believe the changes that have been made 
have significantly improved the student’s experience in my course.  While I have not collected specific 
assessment data to measure this improvement, Table 1 below gives some general course assessment data 
collected using a standard IDEA Center short form.  I consider improvements in the “Excellent Course” 
and “Excellent Teacher” metrics to be indicators of student’s general satisfaction with the course.  It is 
interesting to note that even though the new projects were very well received the first year they were used 
(2010), this data suggests that the student’s general attitude toward the course did not improve.  I believe 
this may be explained by the fact that there were many other aspects to the course beyond the projects that 
did not go as smoothly the first year as they have since.  However, I believe it is also worth noting the 
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differences in the ratings between the two sections of the course in 2012.  From a teaching point of view, 
the two sections were essentially identical in every way (back-to-back time slots, same instructor, same 
material, same classroom) but the student dynamic was much different in each.  The section with the 
lower ratings was much less engaged in the course from day one.  The other section had a small group of 
vocal students that had a positive attitude toward the course, which contributed to an overall good course 
experience for everyone, including the instructor.  This supports a theory that I have held for long time – 
student perception of a course depends heavily on group dynamics, which is often controlled by the 
presence of a few vocal students.  Beyond the data, my observation is that most of the freshmen complete 
the course with at least an introductory grasp of the concept of holistic engineering and with many 
catching fire (pun intended) for the vision of serving God through it.  Based on student attitudes, level of 
engagement, and student verbal feedback, I believe the vast majority of the students have thoroughly 
appreciated the course and many have been inspired to stay in engineering because of it.  Although I do 
not have enough enrollment data to establish trends, early results suggest improved first to second 
semester retention since the changes have been made.  Four year program retention trends are even less 
certain but my sense is that in some cases students may be sticking with engineering an extra semester or 
two longer than they would have in the past, but may eventually still transition to other majors.  This is 
okay.  I now feel better about them switching majors, knowing they have at least in a small way, 
experienced engineering in its wholeness and that they have given it a two or three semester try. 

Table 1.  IDEA Center Standard Course Assessment Data on a 0 to 5 Scale 

 

 

As I look to the future, I have a few thoughts on how to further improve the course.  Exploring 
Engineering: An Introduction to Engineering and Design [1] has been a useful springboard for 
transforming the introductory course, but I have never been more convinced of the need for a freshman 
engineering text written from a Christian perspective.  The current text is riddled with errors and fails to 
follow its engaging introduction to engineering topics with equally engaging and meaningful homework 
problems.  Knowing the impact of the course changes I have already made, it is exciting to imagine, and 
in my opinion, difficult to overestimate, the benefits of a well-written, shalom-seeking, freshman 
engineering text and we are hoping as a department to take up this task in the near future. 

The future of the cook stove project also seems rich with possibilities.  One idea I have kicked around 
(pun intended) is what I call “Curriculum in a Can.”  My thought is to have each student build the same 
TLUD stove design out of cans early in the semester and then have them use it throughout the semester as 
a platform for various experiments and activities that help illustrate typical freshman engineering 
fundamentals.  For example, a mass and energy balance could be performed on the stove or topics in 
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experimental design, circuits, combustion, and statistics and data reduction could also be explored.  The 
project could be expanded by including instruction on tin and sheet metal working techniques and by 
encouraging the students to more seriously consider the aesthetics of their stove designs.  Sheet-metal 
working could also be integrated into the solid modeling portion of the course, allowing students to model 
stoves or accessories as sheet metal entities and then go on to fabricate them from patterns generated from 
the models.  There are also numerous variations on the cook stoves and related technologies to explore: 

• Ceramic and brick stoves 
• Using dry grass, an underutilized resource in many locations, as the fuel source.  We had a senior 

design project explore this concept in 2011-12. 
• Fuel processing – human powered fuel pellet machine 
• Charcoal briquette making 
• TLUD-based ovens 
• Rocket stoves and other related stove designs 
• Biochar production and use 
• Using a thermocouple device to produce electricity 
• Design for a specific context, such as the rural areas of Zambia. 

If a main goal of our introduction to engineering courses is to excite freshman students regarding a 
Christian perspective on engineering as articulated in the concept of holistic engineering, then I encourage 
us to pursue approaches that bring life and meaning to these concepts for students.  Hands-on activities 
that are intentionally connected to this goal have shown me students are eager for this type of 
engagement. 
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Engineering That Makes a Difference:  A Faith-based Approach to 
Community Development in the Ulpan Valley of Guatemala 

Kristopher Hatchell, Lipscomb University 
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A. Fort Gwinn, Jr, Lipscomb University 
  

 

Background 
Lipscomb University was founded in 1891 in order to educate young men and women within the context 
of their Christian faith.  The founders, David Lipscomb and James A. Harding, were preachers within the 
Stone-Campbell movement (Disciples of Christ and Churches of Christ). Their goal was “not to make 
professional preachers, but to train males and females, young and old, all who might become members of 
the school, for the greatest usefulness in life.” [1]   Since that time, their dream has grown into a modern 
comprehensive university that excels in math and science.  

It is only natural that engineering was added to their legacy in 2002.  The Raymond B. Jones College of 
Engineering (RBJCE) prepares young people for engineering careers with an understanding of their 
Christian responsibility to serve the world.  In 2004, just two years after the college of engineering was 
formed, a group of mechanical engineering students proposed Lipscomb University’s first engineering-
based mission trip to design and build a water-tower in support of a remote clinic near Catacamus, 
Honduras (Figure 1).   “Missions” has since become an important part of the college of engineering’s 
culture and purpose.   Table 1 shows a partial list of the mission-related projects undertaken by Lipscomb 
engineering students since 2004. 

 
Figure 1, Tower Construction – Honduras, 2004 
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In 2009, Lipscomb Engineering began a partnership with CAFNIMA (Centro de Atencion a la Familia y 
al Nino Maltratado), a non-governmental Guatemalan community development organization to undertake 
a long-term presence in the Ulpan Valley.  Though CAFNIMA is not explicitly a faith-based 
organization, they share many values with the Christian emphasis of Lipscomb engineering mission.  
CAFNIMA’s mission is to promote “Human Rights, the territorial development of the communities of 
Guatemala in situation of extreme poverty strengthening the local power, the social development and the 
community self-management.” [2] This statement of purpose is not unlike the words of James 1:27: “to 
look after orphans and widows in their distress” or Micah 6:8b: “to do justice, and to love kindness.” 
Additionally, participants in Lipscomb’s Engineering Missions program strive “to walk humbly with 
God” (Micah 6:8c) while working alongside CAFNIMA. 

Missional Mindset 
Lipscomb University's "primary mission is to integrate faith and practice with academic excellence" [3].  
Lipscomb's President, L. Randolph Lowry, often states that "the city of Nashville is our campus and the 
world is our classroom". This outward directed mindset has especially shaped the university in recent 
years, and has formed the bedrock of the engineering missions program.  The university's thrust flows out 
of a deep sense of Christian mission that finds its expression in the lives of our faculty, staff and students 
as they take their expertise, education and training into the world to act in redemptive ways to be a part of 
addressing the brokenness in the world. In particular, Lipscomb students are challenged to combine their 
faith with their academic pursuits and find outlets for expressing this integration outside the classroom. 
This expression is best seen in the over 700 of our 2500 undergraduate students who each year participate 
in mission trips many of which are international efforts. These trips encompass a broad spectrum of needs 
and include representation from all disciplines. 

The RBJCE is recognized in the Lipscomb community for its accomplishments in taking the service 
nature of the engineering profession and joining it with the missional nature of the body of Christ. The 
engineering students who participate in mission trips develop a passion around the inaugural words of 
Jesus where he said: 

“… to preach good news to the poor.  
… to proclaim freedom for the prisoners  
and recovery of sight for the blind,  
to release the oppressed . . .” Luke 4:18-19 
 

Project Selection and Development 
Recognizing this perspective among the students has resulted in an ongoing emphasis among the faculty 
to find and develop mission venues where the marginalized of the world can be served in the name of 
Jesus. These venues have been identified in a number of ways but are mostly driven by opportunities 
identified by university staff and faculty and by Lipscomb alumni who are already familiar with the 
candidate mission points. 

It usually takes a couple of years and at least one survey trip to a perspective engineering missions point 
to properly qualify it as a candidate of interest. Much of this investigation is oriented on the degree to 
which engineering related work would be useful in this particular location. A candidate location must 
have a need that requires engineering design work. There are many opportunities which involve building 
and construction projects for which there is much to do, but do not involve much in the way of design. 
Projects presented in Table 1 demonstrate a great deal of design work - from simple composting toilet 
designs to the complexities of bridge designs. 

An important factor in selecting a site for a project is the availability of logistical support in country. This 
does not mean that the same logistical support that would be expected in the United States is required, but 
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that common tools and supplies can be procured in country and that transportation, food and housing, 
even if primitive,  are available. 

Table 1 – Partial List of Engineering Mission Trips Undertaken since 2004 

2004 Honduras Catacamas 20' Water Steel Water Tower 

2005 Honduras Catacamas Solar Lighting and Refrigeration; Rafter Redesign; Patient 
Tracking Database 

2006 Honduras Catacamas Radio Repeater; Composting Sanitation System; Water Tower 
Upgrade 

2006 Guatemala Chicacao 130' Steel Pedistrain Foot-Bridge 

2007 Guatemala  Chicacao  Health Talents Internaional 

2007 Honduras  Catacamas  Predisan 

2008 Honduras Catacamas Composting Sanitation System 

2008 Honduras  Posada San 
Lázaro 

Mission Lazuras  

2008 Guatemala Chicacao 70' Steel Pedistrain Foot-Bridge; Water System 

2009 Guatemala Ulpan Valley Bentizul Water Project 

2009 Honduras  Posada San 
Lázaro 

 Mission Lazuras 

2009 Guatemala Ulpan Valley Water Project Survey (Secaj, Sesalche 1, San Vicente 1 and 2, 
Saquiquib) 

2010 Guatemala Ulpan Valley Infrastructure Development; Conflict Management  

2010 Guatemala Ulpan Valley Infrastructure Development; Solar-Cell Phone Recharging 
Stations 

2010 Guatemala Ulpan Valley Vanderbilt Survey Trip 

2010 Guatemala Ulpan Valley Lift System Installment 

2011 Guatemala Ulpan Valley Solar-Cell Phone Recharging Stations 

2011 Guatemala Ulpan Valley Saquiquib Bridge Survey  

2012 Guatemala Ulpan Valley BWSC: Sesalche 2 Water Project 

2012 Guatemala Ulpan Valley KnoxProCorp Survey Trip 

2012 Guatemala Ulpan Valley Saquiquib Bridge; Solar-Cell Phone Recharging Stations; 
Benitzul Water Project Upgrades 

2012 Dominican 
Republic 

Salcedo, DR  Solar Lighting and Water System Upgrade 

2013 Guatemala Ulpan Valley Saquiquib Bridge #2, GIS Water Projects 
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Once a project has been identified, the engineering faculty works with the in-country contact, usually a 
missionary, to develop the requirements for the project. Requirements are always constrained to be within 
the resource capability and time availability of student teams. Finances come from two sources - 
donations to students for their participation in the trip and donations made to the projects which the teams 
are undertaking. A portion of the planned trip cost for each student is devoted to project expenses. For 
projects with modest tool, material and supply costs, the project can be funded completely from donations 
made to students. For more expensive projects, funds are sought from other sources such as mission 
ministries with in churches, support from engineering firms and from individual donors. Project costs can 
range from less than a thousand dollars to tens of thousands of dollars. 

Student Teams 

Engineering mission trips are usually taken during the summer break but occasionally a spring break trip 
is taken.  In either case, the teams are formed during fall semester and the design work and project 
planning begins before the holiday break. Student leaders are identified to provide both project leadership 
as well as to assist in the spiritual preparation for the trip. The allocation of team effort for a trip is 
apportioned roughly equally to engineering effort and to spiritual preparation. Engineering work 
progresses along a design path to identify and develop the best designs for meeting the requirements. The 
designs selected are strongly influenced by in-country technologies and are made as attractive as possible 
from a sustainability perspective. The most challenging part of the project  is most often creating designs 
which can be sustained by the indigenous people. 

Spiritual Development 

Spiritual development is an integral part of mission trip preparation. Our students come to a mission trip 
with a range of spiritual maturity levels. The spiritual side of our preparation must challenge all of these 
students toward a maturity-enhancing mission experience.  Each student has opportunities to reflect on 
what has led him to the trip, how he or she sees the trip fitting into the plan God has for him at the 
moment and in the future and what disciplines he must incorporate into his preparation to ensure that he 
best positions himself to provide service on the trip that flows out of his relationship with God. 

Much time is spent in prayer and Bible study both in the build up to the trip and during the trip itself. For 
each trip, journey partners are assigned to provide a close relational tie to each other and to the purposes 
of the trip. 

Organization 

A given trip may have more than one project.  For example, a recent trip involved the building of a 
bridge, upgrades to a community water system and the installation of solar-powered cell phone charging 
systems. A project team is formed for each project. Each project team has a student leader and a faculty 
advisor.  Oftentimes, an additional resource is provided to a team in the form of practicing engineers who 
review designs and, on occasion, provide designs which are beyond the capabilities of the team.  When 
practicing engineers provide much of the design for the project, the students still benefit greatly from 
exposure to the design process. They also learn a lot from the fabrication and installation associated with 
the designs. On occasion, a practicing engineer will also accompany the team on the trip providing a 
wonderful opportunity for professional and spiritual interaction for the students. 

Running in parallel with the design process, is a fabrication and installation planning process which will 
take the design and plan what needs to be done to implement it both before the trip and during it. This 
planning usually involves considerable coordination with the in-country contact to insure that the required 
logistical train is in place.  This plan includes a list of supplies, materials and tools with an indication of 
whether they will be procured in-country or taken by the team. It also includes a project timeline for tasks 
that must be accomplished during the trip. For certain projects, this timeline will involve tasks that occur 
prior to the actual trip and involve trips to the project site by an advance team for the trip or construction 
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activities performed in-country by non-team personnel. Site survey trips and pouring of concrete piers for 
a bridge are two examples of these advance activities. 

Although this has not been the case with all of our trips, two of the projects on recent trips were actually 
designed as part of the senior capstone design course. It is not often the case that the amount of design 
work required for a trip project is sufficient to merit its incorporation into the capstone design process. 
The two recent trip projects which did require considerable design work were a 75' steel truss bridge and 
a remote water reservoir monitoring system.  The bridge was the capstone project for a civil engineering 
team and the monitoring system was a multi-disciplinary project team involving mechanical and 
electrical/computer engineering students. As the engineering missions program matures and more 
challenging projects are taken on, the likelihood of trip projects being candidates for capstone design 
efforts will increase.  A sizable fraction of the capstone design team members also end up participating in 
the trip that their project supported even though the trip is a post-graduation event for most of them. 

Logistics 

The design and trip planning process usually takes place over several months and culminates with what is 
called the "packing party". This event serves as the final check that the plan is firmly in place for the trip 
and all supporting tasks have been completed. This usually occurs a day or two prior to departure. It also 
provides a final time of prayer and devotion to affirm once again that this is a kingdom venture requiring 
God's grace and provision. 

Once the teams are in country and have arrived at the project site(s), the execution of the plan begins. 
Initial efforts focus on organization of the materials, supplies and tools, and usually bring together the 
resources from in country with those brought by the team.  Although every effort is made to assure that 
all resources are in place, the teams almost always have to procure additional resources in country during 
the trip.  This requires transportation to nearby cities. This transportation need is anticipated and built into 
the plan. It is nearly impossible for teams to have all of the information that they require available during 
the design and planning phase or for the information they do have to be completely accurate.  Because of 
this, design changes are sometimes required and the construction and implementation plan seldom 
survives the first couple of days of the trip. This provides an excellent opportunity for the students to deal 
with these uncertainties and still meet the requirements of the project, while developing skills in 
innovation and creativity not possible in the classroom results.  These changes “on-the-fly” often present 
serious timeline challenges and put the completion of the project in jeopardy.  Natural effects can also 
impact the projects as well. Since most of our trips occur near the beginning of the rainy season for 
Central American countries, the unpredictable nature of the weather must be accounted for in the planning 
process. Our teams have also had to deal with earthquakes and volcano eruptions which can greatly 
impact travel plans. 

Almost every trip has circumstances beyond the control of the team which are great opportunities for the 
team to turn their attention to prayer, petitioning God to provide for completion of the effort. One recent 
example of this occurred with the completion of the steel truss bridge mentioned above. Due to some 
design errors which were not discovered prior to the trip, the a number of gusset plates for the truss had to 
be modified in-country and caused the project to lose two days waiting for the modified plates to be 
returned to the bridge site. This created serious schedule stress and consumed the entire float in the 
schedule. As a consequence, the team went to bed the night before the last full day of work knowing that 
the final welding for the bridge would require a rain free day. Petitioning God to hold off the rain seemed 
to be a difficult request to make since the area had suffered a severe drought for almost a month. The 
team gathered and laid the situation before the Lord acknowledging the difficulty of asking for a rain free 
day and leaving it in his hands.  As the team retired for the night it began raining and rained hard all night. 
Just before dawn the rain ceased, the sun came out, the bridge was completed and, as the team began to 
depart, the rain returned  in earnest. The team was fully aware that what had seemed insurmountable to 
them had been accomplished by the hand of God. 
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Engaging Those We Serve 

Most of our team trips involve projects that are planned as cooperative efforts with the local villages. 
Being involved in a material way with the project helps to solidify ownership of the project and provides 
community accountability for maintaining the products of the project. Cooperative efforts also provided 
an opportunity for relational engagement with the villagers. This leads to wonderful opportunities for 
sharing in many regards but, most importantly, the teams gain great insight into the life of faith that exist 
in the communities they serve. Even in cultures that have ancient non-Christian religious roots that are 
still present, it is gratifying to see that Christian mission efforts over the past century have been successful 
in introducing the gospel and making it understandable to those served by the teams that the teams come 
in the name of Jesus. Experiencing trilingual worship in Spanish, English and a Mayan dialect is a rich 
experience afforded to some of the teams. 

The impact that these trips have on our students has a high degree of variation but the effects that bear on 
their future careers as engineers are most notable. Many of our engineering students at Lipscomb are 
drawn to engineering as an outlet for making the world a better place and preparing themselves for 
contributions in that regard. For some it is a matter of improving the quality of life in their own society. 
Some desire to use their engineering skills to accomplish better stewardship of the earth's resources. Some 
know early on that addressing the needs of the marginalized and underserved is their passion and others 
are not quite sure why they are preparing to be engineers but they know that there is something about the 
coming together of math, science and engineering to do something new and innovative that invigorates 
students.  It has been our experience that students who engage in engineering mission trips where their 
talents are clearly focused on serving others return with a better developed sense of engineering as a 
service profession in which they can find fulfillment as Christian engineers who are working out their 
faith in the context of their careers. This does not mean that they will all be drawn to an underdeveloped 
country or to technology for the marginalized, although some will, but it does mean that they will have a 
new foundation for accessing the place in the kingdom that God has for them as an engineer. 

A New Approach (The Ulpan Experience) 

Long-term commitment 

As shown in Table 1, the engineering missions program at Lipscomb has focused a majority of its 
missional efforts in Honduras and Guatemala, working with various faith-based national and international 
organizations.   As of the summer of 2009, a significant effort began in the Ulpan Valley of Guatemala.  
This intense effort to focus Lipscomb’s program in the Ulpan Valley stemmed from a desire to develop a 
new and different approach to engineering missions that included a Christ-centered relational component.  
From the years of 2004 until 2008 a majority of the engineering projects where either disaster-relief 
focused or had no significant long-term strategy to work the same local community or communities.  The 
new approach to engineering missions was shaped from a desire to work not only to solve short-term 
engineering problems but to also create long-term relationships that would allow students to share their 
faith with the people we serve.  The dream was that this methodology would better foster sustainability 
and independency from foreign intervention as solving engineering problems would be paired with 
community development.   

Guatemala Partner – CAFNIMA 

Parallel to this transition in the Lipscomb’s Engineering Missions Program, was the development of a 
partnership with a Guatemalan non-governmental organization (NGO) called CAFNIMA.  Approximately 
six months after Lipscomb’s first community water project in the Ulpan Valley, CAFNIMA was 
approved for a four-year broad-based community development program called Project Ulpan.  Project 
Ulpan was established in January of 2010 to be administered by CAFNIMA with the support and 
partnership of Lipscomb and other organizations.  The project’s area of concentration is fifteen rural 
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Q’eqchi’ communities located about two-hours east of Cobán, the main city in the state of Alta Verapaz, 
Guatemala.  

The people of the Ulpan Valley are decedents of the Mayans who have lived in the mountains of 
Guatemala for centuries.  In the early 1500’s, the Mayans were defeated by the Spanish and converted to 
Catholicism.  The people of the valley continue to have a strong faith in God, but it is now expressed 
through a variety of traditions that include protestant groups that range from Mennonite to Pentecostal 
and other protestant groups as well as Catholicism. 

Project Ulpan’s vision for this program is territorial community development that would allow every 
community member access to a dignified life without being hindered by needs within the four sectors of 
water/public health, education, economic development and human rights.  Lipscomb’s partnership with 
CAFNIMA created an opportunity for engineering to join a development program where long-term 
community relationships would be foundational to the success or failure of implemented projects, both 
engineering and non-engineering, with the added benefit of strengthening the church as well as sharing 
Jesus along the way. 

Committed Boots on the Ground  

Not only have the strategic community relationships been vital to implementing engineering projects, it 
has also become apparent how fundamental is it to have a consistence presence in the communities.  For 
Project Ulpan this presence has taken shape in both infrastructure and personnel development in the rural 
communities.  Project Ulpan has constructed infrastructure that provides office space, a general-purpose 
meeting room, a storage facility (mainly for tools, materials and other resources), medical clinic and 
housing facilities with easy access to the main road through the valley.  There is also a multi-national, 
multi-lingual team who works to see that each project or program is implemented in sustainable, 
culturally sensitive means and methods.  As part of this partnership, Lipscomb engineering has been 
fortunate to have one of its graduates as an on-the-ground resource from August of 2011 through Spring 
2013.  This commitment to an on-the-ground working relationship with both local Q’eqchi’ and 
Guatemalan staff has given the engineering missions program the opportunity to fulfill its dream to see 
engineering and non-engineering projects succeed in sustainability and Q’eqchi’ ownership.     

Success Stories 

Over the past five years Lipscomb’s Engineering Mission Program and CAFNIMA have implemented 
numerous projects ranging from community water systems, to latrines, to cell-phone charging stations, to 
pedestrian-foot bridges.  One of the most successful projects that has been implemented is cell-phone 
charging stations.  Even though the Ulpan Valley is an isolated rural area, cell phones are becoming a 
major source of communication.  As a result of being completely off the electrical grid, community 
members of the Ulpan Valley would have to  travel two to three hours into a more modernized city to 
recharge their cell phones.  Seeing the need for the ability to recharge cell phones in the rural 
communities, Lipscomb Engineering students have designed and installed eleven solar recharging stations 
at different locations throughout the valley.  Each of these stations is operated as a small business by 
small groups of women in each of these communities.  Five to eight women are selected to administer, 
operate and maintain the charger located in their community.  The income from individual cell phone 
rechargers is then used to repay the equipment costs to CAFNIMA.  The first systems were installed in 
the two communities of Benitzul and Sejabal in 2010 and since have paid one-hundred percent of the cost 
of the system.  These women’s groups are now exploring ideas about how to grow their business by 
purchasing a cow or chickens or other initiatives.  The short-term engineering problem was easy to solve:  
a small 50 watt solar panel installed on the roof of a centralized home, a 12 volt deep-cycle battery and a 
120 volt inverter.  CAFNIMA and Lipscomb, through Project Ulpan, continue to walk alongside these 
women’s groups as they administer, operate and maintain their systems.  This long-term commitment is 
what has truly made these projects a success.   
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Over the life of this program, Lipscomb and CAFNIMA have also designed and constructed six 
community water systems.  In the beginning these water systems were designed by Lipscomb engineering 
students.  A small Lipscomb-led construction team would then travel to the community to implement the 
project over the span of six to eight days.  Although this process was successful at providing water to 
communities, there was a vital component missing when it came to operation and maintenance training 
and the development of local community water committees. By having engineering personnel live in the 
valley on a long-term basis, Project Ulpan has been able to train Q’eqchi’ men to administer, operate and 
maintain their own water systems without being dependent on outside resources.  The resulting synergy is 
a beautiful mix of engineering know-how and a committed indigenous staff to implement projects that 
will assist in the development of these fifteen communities for years to come.  

Conclusions 

After several years of conducting engineering missions in a variety of locations, Lipscomb University’s 
Raymond B Jones College of Engineering has initiated a long-term commitment to sharing the love of 
Christ in Guatemala’s Ulpan Valley.  The success of this new approach is evident in three significant 
ways. First, the health and well-being of the indigenous Q’eq chi’ people has improved due to a number 
of factors, foremost of which is better access to clean water.  Secondly, deep personal relationships have 
developed between our students and the people we have served resulting in several of them returning to 
“the valley” multiple times to share their engineering skills and their faith.  Finally (and perhaps even 
more importantly) alumni of Lipscomb’s engineering program are now leading their own teams to share 
the gospel as they use their engineering skills to improve the lives of the poor and forgotten. 
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Background 
Northwest Nazarene University, in Nampa, ID, has a 60 year history of educating quality engineering 
physics graduates.  Many of the program’s 300 alumni are engineering managers, researchers, professors, 
entrepreneurs, and even a Shuttle astronaut.  However, this program has never sought ABET 
accreditation. In August 2010, NNU launched a new Bachelor of Science in Engineering degree program.  
Following the high standard set by NNU engineering physics program founder, Dr. Gilbert Ford, NNU’s 
new BS Engineering program provides a rigorous, high-quality, Christ-centered learning experience that 
thoroughly equips graduates for a productive, professional career.  This new interdisciplinary engineering 
program is staffed by two new EE and two new ME faculty, in addition to the two existing Engineering 
Physics faculty, plus a lab manager.  The enrollment has climbed from 20 to 60 since 2010.  The program 
is blessed with new classrooms, offices, and well-equipped laboratories in a portion of the 50,000 sq ft 
Thomas Center, which opened in 2009.    A strong engineering fundamentals common core curriculum is 
followed by a concentration in either Electrical, Mechanical, or Engineering Physics.  The engineering 
design experience begins in the first semester, and culminates in a year-long senior capstone design 
course. ABET accreditation of this new program is being sought following the 2014 graduating class. 
 
The mission of NNU is the transformation of the whole person.  Centered in Jesus Christ, the NNU 
education instills habits of heart, soul, mind, and strength to enable each student to become God’s 
creative and redemptive agent in the world.   
A new engineering capstone design course has been created to directly fulfill the mission of NNU in a 
unique and powerful way.   At least one design project each year involves compassionate/humanitarian 
engineering or a cross-cultural Christian mission opportunity that engages an interdisciplinary student 
team in designing, building, delivering, and training a problem solution to a needy person or community 
in the world.  These projects are providing solutions to meet the physical and spiritual needs of people 
around the world. Students have the opportunity to travel across the world on engineering-related mission 
trips. An engineering missions minor is also available at NNU for students who feel called to use their 
skills on the mission field.  We have found that engineering is an especially attractive career choice for 
service-minded youth today who aspire to combine a highly technical career with eternally significant 
compassionate Christian service.  Matthew 9:36 says, “When he (Jesus) saw the crowds, he had 
compassion on them, because they were harassed and helpless, like sheep without a shepherd.”  
 
Many secular and Christian engineering programs have undertaken similar projects [1-3] either with 
volunteer teams of students and faculty or in the capstone design course.  Engineers Without Borders 
(EWB) connects engineering students with infrastructure projects in 45 developing countries around the 
world.  The founder of EWB, Bernard Amadei says that what is lacking in Western engineering education 
is “emergency engineering” and that we need to focus on creating fewer “nerdy engineers and more 
compassionate engineers.”  EWB has grown to about 12,000 volunteer members and has about 24 people 
on staff.  Engineering Ministries International (EMI) founded in 1982, has provided opportunities for both 
student interns and professionals to engage in over 1,000 relief and development projects in 90+ 
countries.  Engineers first need to learn how the community works, do an assessment of the community, 
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identify the problems, constraints, and already tried solutions. The people in these developing 
communities often know several solutions to their problems before the engineers show up.  It is critical to 
listen to the community,  learn what people do best, and help them do it better. A healthy dose of humility 
and careful listening and learning the history are essential.  
For “emergency engineering,” what must be in place two hours after an earthquake? Or a week? Or six 
months? in the areas of shelter/housing, food, clean water, sanitation, and power. Engineers who know 
how to build resilient, sustainable systems that don’t assume access to highly developed infrastructure and 
supply chains are needed. Problems in developing countries cut across many engineering disciplines, 
requiring broad engineering skills and multidisciplinary teams.  A big picture mindset is essential. The 
incorporation of these design principles and methods directly into the NNU Engineering Capstone course, 
in addition to the typical content required by ABET, is what distinguishes this new course model. 
 
Course Goals 
A. Complete, deliver to the client, document, and professionally present the team Design Project.  
 
B. To evaluate the four NNU outcomes and eleven engineering program outcomes. NNU outcomes are: 

Transformation—Christlike character, academic excellence, critical thinking, learning skills 
Truth—education pursues truth, explores knowledge, the wonder of God’s creative activity, the 
story of human civilization and the achievements in the arts, sciences and professions. Ultimately, 
we believe Jesus is the truth incarnate; therefore, we pursue Christ.  
Community—a living, learning and faith community that teaches, challenges and encourages 
each other toward intellectual and spiritual growth, within covenantal relationships  
Service—compassion for the needy and lost, creative engagement in the culture, social 
responsiveness, servant leadership. 

This evaluation is achieved through a 10-page reflective paper on university and program outcomes by 
each senior that reviews their NNU experience and describe their 4-year transformation toward achieving 
these outcomes.  
 
Course Description 
ENGR 4971-2. Senior Design Project I & II   (2+2 credit hours)  
A sequence of two senior capstone design project courses. Student teams will complete a system design 
project under the supervision of an industry or mission client. Teamwork, project planning and 
management, specification, budgeting, design review, prototyping, testing, weekly reporting, project 
reports, and oral presentations. The deliverables are: Proposal, Product Design Specification, Design 
Review, Interim/Prototype Review, Final Review and Final Design Report for the client. This course also 
includes a review for the Fundamentals of Engineering Exam. 
 
Prerequisites 
 1. Fundamental knowledge in the core ENGR courses 
 2. Experience in completing engineering design problems 
 3.  Understanding of basic engineering design & project management methods 
 4. Experience in technical communication 
 
Course Objectives 

1. To design, develop, and test a significant solution that meets constraints/specifications.  
2. To work in a team environment  
3. To write formal technical reports and give oral presentations  
4.  

Course Outcomes 
 A student completing this course should be able to: 
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1. Execute a system design project within specified constraints.  
2. Perform system integration and testing.  
3. Work effectively in a team environment.  
4. Keep a Design Lab Notebook.  
5. Ethically judge situations arising in the project.  
6. Write a professional resume, participate in job interviews, pass the FE exam. 
7. Give a formal Final Project Presentation and written Final Engineering Project Report.  

 
Course Organization 
This team-oriented, client-oriented design project is intended as a culminating experience for the BS 
Engineering program. The projects are chosen to require system level integration of multiple disciplines 
and to engage the students’ creativity as well as to develop their engineering decision making and project 
management skills. Projects may include product design, process design, component design, or code 
design to name a few examples. Projects usually result in a prototype that can be tested and demonstrated.  
The faculty Course Coordinator is responsible for overseeing course grading, schedules, project 
definition, and coordinating Clients, Faculty Mentors, and Design Teams. 
 
Project Management 
The design projects are executed by teams of 3-5 students, reporting to both the NNU faculty Course 
Coordinator and to the Client.  Project proposals are submitted by both industry and mission clients each 
spring, then reviewed and modified as needed by the NNU Engineering faculty. Design Teams are formed 
at the beginning of the Fall semester, by students applying to and being “hired” into a project team. This 
is followed by a Project Kick-off Meeting, via Skype or face-to-face at the client’s location.  The Project 
Proposal, Product Design Specification, Design Review, Interim Design Report and Final Design 
Report/Presentation are key milestones of this course.  Prototype testing and demonstration is completed 
and formally presented at the annual NNU Senior Symposium, in April of each year, coinciding with our 
spring Industry/Alumni Advisory Board meeting.  International mission projects may be delivered, 
installed, and trained at various times, such as during winter break in January, or immediately following 
graduation in May or June. 
 
Project Expenses, Prototypes & IP ownership, and Non-Disclosure Agreements 
All project expenses must be approved by the Course Coordinator and are paid as agreed between the 
engineering dept. and the client organization.  If a prototype is produced at the client’s expense, it belongs 
to that client upon project completion. All intellectual property generated by student team members 
and/or the client in the execution of these projects is subject to the IP policies of the client. The client 
supplies any unique test hardware or software needed for project development that is not readily available 
in the university.  Non-disclosure agreements between students, faculty, and the client are signed upon 
request of the client. 
 
Expectations of the Client 
The Client is expected to devote at least one engineer or mentor for the project to initiate the Project kick-
off definition/specification meeting, communicate regularly with the team, participate in the Design 
Review, and participate in the Final Presentation.  The client will also provide access to necessary data, 
equipment or other resources needed to complete the project. The students, faculty, and the client must 
treat the project with a high degree of commitment, professionalism, timeliness, and responsiveness. 
Students are under strict semester timelines, and need client responsiveness to meet their graduation 
deadlines.  
 
Relationships 
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The senior project involves four distinct people or groups. It is important to know the relationships among 
these so that no one becomes confused as to who is responsible for what. The entities can be classified as 
The Course Coordinator, The Team, The Client, and The Mentors. Each has specific responsibilities: 

 
The Course Coordinator is responsible for overseeing course grading, schedules, project definition, and 
coordinating Clients, Faculty Mentors, and the Teams.  He/she will judge the final quality of the work of 
The Team (both corporately and as individuals) and assign final grades in the course. The Course 
Coordinator may step into disputes between The Team and The Client if needed or requested. The Course 
Coordinator is also responsible for proper relationships between The Team and the department and the 
institution. Note that neither the Coordinator nor the Mentors are “teachers” in the formal sense of your 
other classes. Self-learning is a requirement of this course. 
 
The Team is the students who are working together on a project. The Team has several goals, the primary 
one being to complete a high-quality project. The Team’s most essential relationship is with The Client. It 
is paramount that The Team satisfies the Client. But it is equally important that this satisfaction be within 
the bounds of the approved Product Design Specification.  The Team selects its Team Leader within the 
first week of its formation.  The Leader is responsible for routine weekly communication between the 
Team, Client, Mentors, and Course Coordinator. 
 
The Client provides the original project, works with The Team as a technical advisor, approves the Project 
Proposal, Product Design Specification (PDS), participates in the Design Review, and evaluates how well 
The Team has satisfied The Client in the final 360 degree assessment.  This means that all parties 
associated with the project, including the team members themselves, provide a final assessment of 
outcomes. 
 
The Mentors are typically NNU faculty or other outside engineers who have an interest in the project and 
lend their expertise in a consulting or advising role to the Team.  They should not be directly involved in 
the project work as a “player”, but only as a “coach”. 
 
Each team is expected to do its own project: its work is judged against specified deliverables of its own 
project. Each team is also judged on the quality of the team’s communications, oral and written and on 
how effectively the team performs as a unit, using both self-assessment and peer assessment tools. 
 

2011-12 Project to Peru: Building God’s Kingdom one block at a time 
The motto for the 2011-2012 NNU Engineering senior design project was found in Matthew 16:18: “On 
this rock (foundation), I will build my church, and the gates of hell will not defeat it!” 
Extreme Nazarene mission director, Brian Tibbs, and engineer/missionaries, Dennis Linnell, Mike 
Drinkwater and Mike Wheatley, first approached NNU’s engineering department in the fall of 2010 to ask 
for faculty and student help in solving an urgent mission problem. Thirty recently planted church 
fellowships across the country of Peru had been identified as being ready to build church buildings. 
However, the local cinder block and clay brick construction methods were not strong enough (especially 
in earthquakes) and required masonry skills that were not always available. What Extreme wanted was 
strong, lightweight blocks that could be produced right on the church construction site by local unskilled 
labor, even in the absence of reliable electric power. They wanted a mobile, generator-powered, block 
factory on a truck to make building blocks that could be snapped together, similar to LEGOs, to build 
churches and homes without mortar or masonry skills. 
 
Extreme’s original plan was to build the Peru churches using large polystyrene blocks, called 
FASTBLOCKS. Starting in summer 2011, the first three foam block churches were built in Arequipa, 
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Puerto Maldonado, and Puno. These large styrofoam FASTBLOCKS were stacked by short-term 
missionary teams to form walls and then reinforced internally with concrete and rebar to build strong, 
well-insulated structures. The exterior walls were then stuccoed inside and out and covered with trusses 
and a roof. However, importing these styrofoam blocks to Peru and then shipping them around the 
country became expensive and infeasible as a long-term plan. The NNU team was challenged to design, 
build, and deliver to Peru in summer 2012 a portable block-molding plant using two-part polyurethane 
(instead of polystyrene/Styrofoam) that can be injected into aluminum molds from compact storage 
drums. The wet foam then expands twenty times its original volume and cures in 20 minutes, producing 
all the blocks needed to build a small church building for 100 people from only two 55 gallon drums.  
Under the guidance of NNU engineering professor, Dr. Stephen Parke, the “Extreme Engineering” team 
of seniors (Michael Whiting, Luke Hetrick, Andrew Peterson, Bryan Hunt) investigated, designed, 
prototyped and tested many different methods, materials, and mold designs (both in wood and aluminum). 
Countless hours were spent in the new Thomas Center Engineering Fab Lab, machining molds, pouring 
molds, and testing various mold release chemicals. Amazing new working relationships sprung up 
between NNU, Mission Aviation Fellowship, Micron, and RMAC Machine Shop including hours of 
expert volunteer work by outside engineers such as Steve Brougham and Jeff Duncan from MAF.  
NNU’s team of seniors first went to Peru in July 2011 to better understand the problem constraints and to 
physically help build the Puerto Maldonado foam block church, thus gaining valuable insight into this 
new building process. They started their senior year in Fall 2011 with an improved, more practical plan 
and a new enthusiasm for what God is doing in Peru. 
 
“Getting to know the people by working with them and sharing stories with them was an amazing 
experience. This project was an answer to their prayers to God. Their passion and faith really made me 
want to become more involved on the project,” said senior Andrew Peterson.  
 
After returning from Peru to start their senior year, the students’ passion for the project was immediately 
recognizable. “I’m used to students working hard on their senior design projects, but you can really tell 
when it goes from being just a project required for graduation and becomes a deep personal commitment 
and an encounter with serving the Lord,” said Dr. Parke. 
 
Throughout the school year these seniors worked hard to perfect the process, even giving up their Spring 
Break to make sure the system would be ready to send to Peru in May 2012. This experience allowed the 
students to love people they had never met while using their God-given engineering talents and 
knowledge acquired throughout their time at NNU. In the end it was difficult to tell whether it was the 
Peruvians or the students and professors who felt most blessed by the whole experience. 
 
Michael Whiting described the project this way: “It is not self-seeking, but seeking to serve people 
through the love that God instills in us. We are using the creative aspects of engineering to build a 
foundation for eternal change and building blocks for God, out of love for his people.”   
 
 “This project is really at the heart of what we’re all about in engineering at NNU: the opportunity to 
apply our skills to advance God’s kingdom and to meet human needs at the same time. We’re excited to 
design new technologies to build churches in Peru and other countries as well,” said Dr. Parke. 
 
 “It’s really exciting to come here and see the professors not only passionate about teaching the subject 
matter—be it engineering, math or English—but also see them so excited and on fire for God. That 
instills a fire for God in me,” said David Vinson who joined the team along with Jesse Baggenstos. 
 
During May 2012, Vinson, and Baggenstos traveled with Dr. Parke to the Extreme Peru headquarters in 
Arequipa, Peru to deliver, setup and train local Peruvians how to use the new block-molding plant. 
Despite several obstacles, and thanks to many answered prayers, the team’s mission was accomplished, 
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resulting in the establishment of small-scale production of these new one-meter long, one kilogram 
polyurethane building blocks with a 20% cost savings over the previous polystyrene block costs. To date,  
this portable plant has been used by Peruvians as well as short term missionary teams to build eight new 
churches in various cities and villages across Peru. This plant will soon be on its way to Ecuador and then  
other South American countries for similar construction and emergency response needs.  NNU 
Engineering has been contacted by several other mission teams interested in using this new technology in 
many other countries and mission areas around the world. 

2012-13 Project to Papua New Guinea Kudjip Nazarene Hospital Mission Station 
Located a mile above sea level in the fertile Waghi river valley of the Highlands, deep in the interior of 
Papua New Guinea is the Kudjip Nazarene Hospital Mission Station. The ministry that takes place here in 
the name of our Lord, is profound, as day after day 100 to 200 people are touched and healed and helped 
in the name of Jesus… 50 to 60,000 every year…. Our NNU Engineering senior team was responsible for 
surveying this 185 acre expansive mission station (the size of a small town) and providing critical help to 
their leadership through the development of a 10-year master plan to guide the expansion and growth of 
this complex community of nearly 1000 people that serves tens of thousands more through the on-campus 
Hospital, Outpatient Clinics, Rural Health Services, TB & HIV wards, Nurses College, churches, schools, 
hydroelectric dam project, Melanesia Regional Mission Field HQ, and missionary and support staff 
housing. 

The current Nazarene Mission Station at Kudjip includes a hospital, a college of nursing, a primary 
school, as well as significant housing and infrastructure dedicated to the support of missionaries and their 
families.  With the continual growth of the mission station there is a considerable need for a 
comprehensive survey to be made in order to plan for future expansion.   

To meet this need, NNU trained and sent a capstone design team of six seniors (Halle, Kaschmitter, 
Larson, Hush, Turner, Patrick) and Dr. Parke on a three week surveying trip to PNG in December/January 
2013. Their goal was to survey the entire mission station. This entailed mapping the buildings and 
undeveloped areas as well as all buried power, water, sewer and telephone lines.  They also met with each 
of the stations constituent/ministry leaders to listen to and understand current problems, needs, and 
possible solutions.  Finally on the team’s return to NNU, they conducted analysis of various expansion 
plans, with special consideration given to the parallel expansion of the college of nursing and the hospital.  
The mission station was presented with a written report containing long and short term infrastructure 
recommendations for future buildings.  

The Mission Station in Papua New Guinea was in need of a plan for future expansion of the Hospital, 
College of Nursing, and the utility infrastructure.  There was not an accurate survey map that shows 
power lines, water lines, sewage lines, building locations and future building sites. This was needed to 
plan for future growth. There was no comprehensive plan for future mission station development.  A 
multiple phase master plan has been prepared for the station management team to assist them in wise 
decision making for infrastructure improvement and new buildings over the next ten years.   

Here are examples of the needs and issues encountered: 

Power 

• Power from PNG government is poorest quality and most unreliable in the world.  Need to 
become independent of it, with a new private hydropower dam and generator, follower by power 
pole/line replacement. 

Water 
• Inadequate supply, storage, distribution and poor quality (muddy in dry season) 
• Need a new second drilled well to provide a better supply to the hospital, CON, and new housing. 
• Need a new, bigger water tank (replacing the 40-50 year old one) on a taller tower for better 
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pressure to the higher elevation buildings on campus.  A centralized, compact, low energy water 
treatment and filtering unit could also be located here as well 

• Replacement of old rusty, leaky metal roof collection water tanks with new poly tanks (or relining 
them inside with poly).  Adding more passive solar water heaters and roof water collection 
systems to existing residences and new residences. 

• May need to dig a shallow well on the cliff/hillside above the Banis neighborhood to gravity feed 
that lower neighborhood with water without tapping into the upper campus system and water 
tower to bring water down, and without trying to pump Banis well water all the way uphill to the 
tower (thus saving electric power costs) 

• Restore water supply to Kudjip Primary School (out of water for one year) by running new line 
and abandoning old leaky one? 

Sewer 
• Will the new gravity line that bypasses the grinder/liftpump and goes directly to the septic tank 

have enough drop to work?  Will it get plugged routinely by unground clothing? 
• Tie new CON and Primary school buildings into the current sewer line, eliminating school pit 

toilets. 
• Expand sewage capacity to permit new campus/hospital growth by using some new hydropower 

to build and run a small sewage treatment plant at the leachfield area (NW corner of Sekeng side).  
This would allow the big septic tank and its associated bad odor at the hospital entrance to be 
eliminated, perhaps moving the existing grinder/liftpump away from the Pharmacy entrance over 
to where the septic tank is now. 

• May need to run a second parallel sewer line next to the first for increases capacity 
• New CON buildings might be able to leach sewage down the cliff to save capacity on the sewer 

lines. 
Phone/Internet 

• Need to build a few strategically located phone/internet hubs  in blockhouses with electric service 
to serve as distribution points tied back to the new phone center in the new hospital.  These hubs 
could also be used in the future for switching/fiber connections for high speed internet.  After 
these are built and connected, then the old phone center in the old hospital can be abandoned and 
demolished. 

• Put phone lines on new power poles in new Banis neighborhood? 
Roads 

• New entrance #2 road in location of original main road connecting main road behind maintenance 
to White House corner. 

• New road from White House corner past front of CON through old hospital surgery wing 
connecting to the circle.  This will serve as a backside connector from the North to the South end 
of campus and with the new road above would create a complete perimeter road around the 
new/old hospital district.  This would also allow the road between the old and new hospital to be 
closed and new wards and clinics built on top of it. 

• New canal service roads from dam, through Banis, to generator house and up hill to Narara St. 
Security Strategy 

• Build a low-fenced security zone for the public completely around the hospital/clinic district.  
This fence could be located from center of the main gate entrance along the north edge of the 
treed median up the street to the circle, with a new private station entrance where the current gate 
is, and a new public/hospital station entrance where the parking lot entrance is now.  The security 
shack could be moved to be centered in between these two gates. 

• A new security entrance could be added at the new private entrance #2 road above.  Or security 
gates could be placed across the main road by the Knox House and at the upper end of the road at 
the “T”.  This would give more security to the Airstrip neighborhood. 

• Security fences at the west edge of the new school buildings, securing both the school and the 



 54 

airstrip neighborhoods would be good too. 
Housing 

• Maintain large garden areas with each house/duplex to meet cultural needs 
• Use a neighborhood approach village pie-slice round cluster of houses to meet cultural needs 
• Ancillary in lower Banis area and airstrip area..many new replacements needed 
• New staff housing (12 duplexes) in upper Banis area and/or New Camp 
• New doctor/missionary family style housing as replacements on south end of Narara St. near 

circle 
• New missionary visitor lodge (Cliffside Lodge) 

Green Spaces 
• New playgrounds near MK elem/high school 
• New public playground near White House grove 
• New Athletic field/park in Banis 
• Preserve existing green spaces as much as possible 

Outpatient Clinics 
• Surgical outpatient building (convert NHM administration building after replacing it?) 
• Delivery clinic 
• Pediatric clinic 
• Optical/dental clinics in future 
• Need easy public access to clinics for high traffic flow 
• Need a better cantina/café for visitors 

Hospital 
• New second Operating Theatre this year 
• Need to double the administration space 
• New hospital ward 
• Classrooms for distance learning, national doctor training 
• Counseling room for patient education 

 

2013-14 Future Project: Build a walking therapy assistance machine for a young paraplegic 
Richelle Heacock was paralyzed from the neck down in tragic car accident about a year and half ago. A 
former multi-disciplined athlete in both high school and college, she is now confined to a chair which she 
can control via small movements of her hand. She is currently undergoing therapy to begin to fully move 
again. She has the willpower and dream of walking again someday, but she needs some high-tech help. 
Currently when she has walking therapy it takes four people to help her: one to move each leg, one 
holding her waist, and one behind her holding her steady and as a “just in case.” She has asked NNU if 
we could help design a machine that would work in conjunction with her physical therapists and a 
treadmill, allowing her to simulate walking upright, retraining her muscles and brain. It will need to have 
pedals where her feet can be strapped in that can simulate the natural walking movements of the human 
foot. If possible, it would combine this hardware with some sensors and software to create smart control 
of her steps and gait. This mechanism would be used to simulate/practice walking with only one person’s 
help or even by herself, so that hopefully she may be able to walk again. This has become a reality for 
other paraplegics recently as seen in this inspiring video [4].  
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Abstract 

Subdue, have dominion, work, keep. These words from Genesis 1:28 and 2:15 articulate humanity’s God-
given responsibility as servants within his creation. All portions of creation continue to suffer the effects 
of the fall, but we see in Colossians 1:20 that Christ is reconciling all things through his blood. In 
engineering, this reconciliatory work is manifest as a duty to use science and technology to unfold the 
potential of creation in a manner that exhibits care for the entirety of creation: humans, other creatures, 
and the natural environment. This challenging duty is not limited to the stovepipes of traditional 
engineering disciplines; rather, it requires a recognition of and extension to all aspects of reality. In 
recognition of this biblical mandate, a Christian engineering curriculum should seek to equip students to 
obediently and normatively glorify God and love neighbor in an untold number of service areas. 
Historically, Dordt College’s engineering curriculum has been developed with the intention of being 
Christ-centered and holistic, intentionally striving to prepare students for service in all areas of life. 
However, doing so in the context of a traditionally segmented profession (civil, mechanical, electrical, 
etc.) has been and remains a daunting challenge. Constraints such as faculty expertise, institutional 
resources, and cultural expectations contribute to this challenge. At a basic level, a curriculum that 
prepares students for engineering service in all areas of life must instill understanding of the physical 
aspects of creation and fundamental aspects of engineering. Reaching beyond these expectations, the 
curriculum should develop and nurture a broad understanding of who we are as humans in God’s creation 
and how we can serve obediently as engineers to steward and develop the creation. Thus, a biblically-
faithful engineering curriculum will be specific enough to cultivate in students the knowledge and skills 
required to serve effectively within a particular engineering discipline while being broad enough to foster 
collaboration and “outside-the-silo” thinking that recognizes the multi-aspectual character of the fallen 
world in which we are called to serve. This broader approach reflects the reality of today’s most critical 
engineering problems. The big problems within traditional engineering silos have been solved and re-
solved. Today’s critical problems in such areas as energy, transportation, and infrastructure occur at the 
interface of two (and usually more) engineering disciplines. Building upon a foundation that recognizes 
that creation exists to glorify God, the fallen state of creation, and the need for Christ’s restorative work, 
we propose guiding principles for curriculum development and modification of an engineering program 
that recognizes the holistic nature of serving obediently as engineers in our imperfect world. 

  



 57 

Introduction 

What should a Christian engineering curriculum look like? Can a traditional engineering curriculum be 
“baptized” or “sanctified” by simply adding prayer and Bible courses alongside a typical university 
engineering curriculum? Should we even bother to think about what a distinctly Christian engineering 
curriculum should look like? As Christian engineering educators, we believe it is imperative that we 
critically examine and wrestle with these and related questions. Perhaps the title of the paper already 
spills the beans; we do believe that we are called to engage young followers of Christ to approach 
engineering faithfully and biblically. Furthermore, we believe that this call is more challenging than 
simply inserting devotions and a couple Bible classes into a typical engineering curriculum. We are not 
attempting here to articulate the one and only biblical approach to engineering education, as we do not 
believe that there is only one obedient method. In other words, we are not out to find the Christian 
engineering curriculum, but rather are seeking to discern biblical principles that can be applied to ensure 
that we have a Christian engineering curriculum that is obedient to God and his word. 

Excellent studies from previous CEEC conferences have made arguments for serving faithfully as 
Christians who are engineers (e.g., [1]; [2]) and Christians who are teachers (e.g., [3]; [4]). In this paper, 
we build on these two streams of thought to propose guiding principles for an engineering curriculum that 
is distinctively Christian both in terms of content and pedagogy. In parallel with the two streams of 
thought that we are bringing together, our foundation is guided by our understanding of our relationship 
to God and his creation and our relationship to one another. 

Biblical Foundation 

At the outset of our exploration of what a distinctively Christian engineering curriculum might look like, 
we want to make every effort to remain biblically grounded. Borrowing a helpful framework from Andy 
Crouch’s popular book Culture Making: Recovering Our Creative Calling [5], we want to guard against 
simply condemning, critiquing, copying, or consuming our current culture’s approach to engineering 
education. Rather, we want to seek to discern a process of engineering education that is creational and 
obedient. In other words, we must seek to be obedient to God’s original cultural mandate, we must strive 
to recognize the effects of sin, and we must grow in our grateful service to Christ in his saving and 
reconciling work. 

To be clear, we do not view a biblically grounded curriculum as one that relies on biblical proof texts that 
prescribe specifically what should or should not be taught. Rather, a biblical curriculum will be one that is 
overtly conscious of and obedient to the narrative in which it resides, namely the biblical narrative of 
Christ beginning from creation in Genesis 1 through the establishment of the New Testament church, an 
ongoing narrative that continues in the story of our lives today. We feel strongly that this narrative is lost 
when Scripture is viewed merely as a compilation of rules, stories of morality, or human heroes. A full 
appreciation of these texts only comes when Scripture is read as one cohesive story in which we continue 
to live today that presents our purpose for being created, our need for a Savior, Christ’s climactic sacrifice 
and resurrection, and our present and future hope in him. This recognition of the grand biblical narrative 
is often referred to as the Creation-Fall-Redemption (CFR) paradigm. While it is not our intent in this 
paper to focus on a defense of this understanding of biblical narrative, we do feel that it will be helpful to 
briefly establish our understanding of this narrative as foundational to our approach to the development of 
a Christian engineering curriculum. 
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Excellent work related to a biblical understanding of higher education has been compiled in The 
Educational Task of Dordt College [6], and we are borrowing from it heavily here to lay the biblical 
foundation for engineering and teaching engineering. Regarding our relationship to creation, we confess 
that the creation belongs to God (Exodus 9:29; Exodus 19:5; Psalm 24:1; 1 Corinthians 10:26) and is 
under his sovereign rule (Psalm 103:19); it is God’s Kingdom (Psalm 22:28; Psalm 47; Psalm 103:19; 
Psalm 145:10-21; Obadiah 1:21; Zechariah 14:16-21). God controls and orders the cosmos by his will; 
and it is only by obedience to his will that the creation can fulfill its purpose in the service of God (Psalm 
119:89–91). Our task within God’s creation has been explicitly given in Genesis 1:28, commonly referred 
to as the cultural mandate, which states, “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.” This office, in which we are called to work in God’s kingdom, is repeated in Genesis 
2:15, where we read that God has placed us in his creation “to work it and take care of it.” 

As we well know, however, Genesis moves on from chapters 1 and 2 into chapter 3, where we learn of 
humankind’s fall into sin. The fall affects all of humanity, as Paul teaches in Romans 3:23: “All have 
sinned and fall short of the glory of God.” The reach of the fall spreads far beyond humanity, for we learn 
in Romans 8 that as a result of the fall “the creation was subjected to futility, not willingly,” and that “the 
whole creation has been groaning together” under the effects of sin. Therefore, the non-human creation 
presently experiences the effects of the fall. 

The all-encompassing nature of the fall makes us ever more grateful for Christ’s saving work, and God’s 
word reveals to us that Christ’s redemption, too, is all-powerful and includes humankind as well as the 
physical creation. In Colossians 1:19-20, we read, “For in [Christ] all the fullness of God was pleased to 
dwell, and through him to reconcile to himself all things, whether on earth or in heaven, making peace by 
the blood of his cross.” Even though the effects of the fall continue to be present at this stage of 
redemptive history prior to Christ’s second coming, he has broken the dominion of Satan, rescued 
creation from the curse of sin, and reigns as King over all, as we are reminded in Matthew 28:18. Christ 
our King calls us to serve him obediently in his reconciliatory work. He calls us to “make disciples” in the 
Great Commission in Matthew 28:19, clearly calling us to evangelize others by recognizing the sinfulness 
in all of us and our need for a perfect Savior. However, the commission does not stop with making 
disciples. Verse 20 goes on to call us to teach these new disciples “to obey everything I have commanded 
you.” Clearly, the Christian’s obedient walk is not merely limited to confessing Christ as Savior; it 
includes striving to discern obedience in all aspects of life. Thus, we return to the cultural mandate of 
Genesis 1:28 and 2:15 in our use of creation, and we are convicted to think obediently in using creation to 
glorify God and love our neighbor. This obedient, faithful service to Christ then becomes an expression of 
his ongoing reconciliatory work to all of creation. 

Despite our recognition of God’s call to faithfully steward his creation, it has been and remains a difficult 
task. The earth is subject to humankind’s dominion, but we have received it from God. When we consume 
it, we need to do so in a manner that honors the gift we have received. Paul speaks of our obedient use of 
creation (namely, consumption of certain foods) in Romans 14:23, and John Calvin thoughtfully pondered 
obedience in our relationship to God’s creation in his commentary on this passage:   

And oh! That this truth were fixed in the minds of men, that nothing ought to be 
attempted except what the mind feels assured is acceptable to God, men would not make 
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such an uproar, as they often do now, nor waver, nor blindly hurry onward wherever their 
own imagination may lead them. [7] 

Calvin appeals to the conscience in recognizing what type of consumption is obedient. Calvin’s 
commentary on Genesis 2:15 is also helpful in developing a biblical conscience related to our use of 
creation. Calvin writes, “that the earth was given to man, with this condition, that he should occupy 
himself in its cultivation.” He goes on to say,  

Moreover, that this economy, and this diligence, with respect to those good things which 
God has given us to enjoy, may flourish among us; let every one regard himself as the 
steward of God in all things which he possesses. Then he will neither conduct himself 
dissolutely, nor corrupt by abuse those things which God requires to be preserved. [8] 

In their work to obey the mandate given in Genesis 2:15, Christians tend to pit the preservation of 
creation against development of creation. This perceived tension is a misunderstanding of the cultural 
mandate and falls into an environmentalist ethic that views humanity as blight on creation rather than a 
caretaker in service to the Father. As advocated by Timmer in his 2009 CEEC presentation, 

This stewardship call requires engineers to till and to keep creation in such a way that all 
things are enabled to flourish in accordance with God’s will and to his glory.  This is a 
difficult goal to achieve but if we become content with “do-less-harm” stewardship, we 
may miss opportunities to be salt and light. [9] 

In addition to our relationship to the creation and our Creator, engineers who are biblically faithful to their 
task will recognize that relationships with others are also an important part of obedient response to God’s 
call. Going beyond simply “evangelizing” others, we should seek to follow Christ’s example and show 
genuine love and concern to those around us. The way that Christians relate to others who are created in 
God’s image simply should not look the same as the way that non-Christians relate to others. Some effort 
was given to exploring obedience in relationships among engineers, faculty, and students at the last CEEC 
conference [3]. A primary manifestation of obedience in our relationship to others is having a servant’s 
heart. Christ exhibited a servant’s heart throughout his ministry without abdicating his leadership role. 
True reflection on his familiar call to love our neighbors as we love ourselves (Luke 10:27-28, Galatians 
5:13-14) will humble us into realizing how far short we fall each and every day in fulfilling this task. In 
response, we should be awakened to call to the Spirit to continue his sanctifying work within us and help 
us continue to grow in such obedience. Our hope is that we can discern how an engineering curriculum 
can be formulated so it can be most helpful in nurturing our young and future engineers to fulfill their 
Christian duty of loving their neighbor in the way they approach engineering. 

Concluding our examination of the biblical foundation for an engineering curriculum, we believe that a 
truly obedient approach will recognize the cosmic nature of God’s perfect creation, humankind’s fall into 
sin and its effect on the non-human creation, and Christ’s reconciling work both in our lives and in the 
non-human creation. Christ’s saving work and the Spirit’s sanctifying work in our lives transform our 
self-oriented sinful direction to a God-oriented obedient direction, motivating us to seek obedience and 
biblical understanding in all our pursuits. As Paul writes in Romans 12:2: “Do not be conformed to this 
world, but be transformed by the renewal of your mind, that by testing you may discern what is the will of 
God, what is good and acceptable and perfect.” Our engineering curriculum must be structured in a way 
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that seeks to understand God’s will and does not carelessly accept the world’s motivations and the 
world’s desires for engineering. Finally, again referring to Paul’s writing in Romans, “For from [God] 
and through him and to him are all things” (11:36). Our engineering curriculum must teach an awareness 
that we are working with creation (human and non-human) that is from God, that obedient engineering 
education happens through God, and that our obedient engineering solutions need to be directed to God. 

Our engineering builds from our biblical foundation 

We believe that an obedient, Christ-centered, biblical foundation will make a difference in and through all 
aspects of life. We want to explore specifically how engineering can build upon a proper biblical 
understanding of the CFR paradigm established in the previous section. Rather than “reinventing the 
wheel” so-to-speak, we want to build on excellent publications that have already been established in this 
arena, both from previous CEEC conferences and other venues receptive to exploring what it means to be 
a Christian engineer. Within this section we seek to make clear a secondary foundation that we will 
ultimately apply when addressing our primary task of developing guiding principles for the development 
and modification of a distinctively Christian engineering curriculum. 

As noted above, in our work to steward creation we must ensure that that “all things are enabled to 
flourish” [9]. Our command for this work is clearly stated in Genesis 2:15, which calls Adam to “serve” 
and “keep” the Garden of Eden [10]. To “keep” creation does not mean that we preserve the earth by 
minimizing human impact. This point can be demonstrated by realizing that the Hebrew word for serve, 
‘abad, also has been translated as “till,” “dress,” or “work” [11]. Furthermore, creation’s flourishing 
should not be understood in a purely biotic sense. In Ezekiel’s prophecy to the mountains and hills (36:6-
12), it is evident that even these landforms can flourish; in this case by serving as the Israelites’ 
inheritance [12]. As documented by this prophesy, for the mountains and hills to fully flourish and serve 
the Lord, the Israelites needed to develop the resources and potential locked within the creation. As 
Christians who are engineers, we take hold our command to ‘abad creation as a mandate to develop the 
potential of creation, especially when considered in light of the parallel mandate to “subdue” the earth in 
Genesis 1:28. In opening up potentials within the created order, it is our prayer that the works of our 
hands are consistent with Christ’s reconciliatory work. We sometimes have a tendency to limit service to 
the Lord through engineering to pursuits such as technology development to aid the poor or to merely 
advancing the message to “repent and believe”. We wholeheartedly agree that these are excellent 
examples of obedient service, but we see God’s word showing us that such a view is too limited. The 
cultural mandate does not limit ‘abad to the human creation; rather, it includes both the human and non-
human creation. To declare some portion of creation to be outside of our dominion to steward or to be 
outside of Christ’s reconciliatory work presupposes a misunderstanding of the cultural mandate [12]. 

We want to explore more carefully something that we have thus far only mentioned in passing, namely, 
our mandate to have dominion over, subdue, and develop creation. We feel that it is extremely important 
in engineering not to marginalize this task. For the engineer, the development of creation has been 
described as an “opening process” [13]. L. Kalsbeek, in his introduction to H. Dooyeweerd’s 
philosophical framework (see [14]), writes, “All of temporal reality, including organic and inorganic 
nature, is subject to this [opening] process. Insofar as man can influence this process, it can never come to 
an end” [15].  In this process, functions of a creature or object are actualized from an undeveloped to a 
more serviceable phase. By the cultural mandate, humans have been tasked with actualizing (or enabling) 
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these functions. For example, in its natural form limestone can serve in a variety of physical functions 
(e.g., as a foundation to support forests and other forms of plant or animal life, etc.). With a bit of human 
intervention, limestone can be used as a primitive foundation for structures that can serve humankind. 
With even more human unfolding, other potential functions within limestone can be unlocked. One 
example that immediately comes to mind is the manufacture of cement. In this process, the potential of 
limestone (and a few other ingredients) is unlocked to create the binder that essentially serves as the 
backbone to our nation’s infrastructure. 

The process by which portions of God’s creation are opened up to be used in new, increasingly complex 
functions will continue to occur regardless of whether Christians are involved or not. Without Christian 
involvement, the current trend of secular culture-making seems to indicate a continuing movement toward 
assumptions and motivations that are humanistic (e.g., saving the world through our engineering abilities) 
or naturalistic (e.g., preserving the non-human creation in a form uninfluenced by humans). As Christian 
engineers, we have been tasked as agents in Christ’s reconciliatory work. This task requires that we 
engage the field of engineering and work to influence the path of development in ways that obey the 
command of God [13]. This task has been articulated by Monsma when defining technology. The same 
definition applies to the field of engineering and states that this is “a distinct human 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” [16]. Similarly, 
Crouch articulates our biblically-mandated responsibility to craft culture: “God’s first and best gift to 
humanity is culture, the realm in which human beings themselves will be the cultivators and creators, 
ultimately contributing to the cosmic purposes of the Cultivator and Creator of the natural world” [5]. 

Based on the biblical mandate that God has established in using and caring for his creation, we believe 
that an engineering curriculum seeking to be distinctively Christian must acknowledge the unique 
responsibility engineers have to engage creation while recognizing the God-given cultural mandate to 
unfold creation for his glory and Christ’s reconciliatory work in both the human and non-human creation. 
Such engagement will recognize the all-encompassing, cosmonomic nature of creation and the CFR 
framework. As such, it cannot be limited to traditional engineering disciplines or missions-based 
engineering. Instead, the responsibility to unfold and preserve in recognition of God’s creational work and 
Christ’s reconciliatory work must be deliberate and holistic. 

Guiding principles that underlie engineering curriculum 

We have briefly reflected how a faithful and obedient recognition of the all-encompassing nature of 
God’s glorious creative work, the subsequent fall into sin, and Christ’s vast and ongoing reconciliatory 
work affects our work as engineers. As engineering educators, we now turn our attention to how we can 
structure an engineering curriculum to equip and disciple students to have such an understanding of their 
profession and calling and to be able to serve obediently and effectively in the tasks God places before 
them. We want to reiterate that we are not attempting to use our understanding of CFR to come up with 
the one perfect approach to an engineering curriculum. Rather, we want to use this understanding to 
evaluate our approach to engineering education, establishing guiding principles that may be helpful in 
developing effective and obedient curricula, and offering some proposed strategies to incorporate these 
principles. To provide a simple structure in accomplishing this task, we have identified five guiding 
principles that we believe proceed from an obedient understanding of CFR and that have specific 
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implications for an engineering curriculum. In the section that immediately follows, the principles are 
listed and briefly reviewed and discussed. In subsequent sections, these foundational principles are 
considered broadly in terms of a curriculum and then more specifically in terms of both course 
construction and daily classes. 

1. God, the sovereign Creator, established the creation for his own glory 
We believe that the best place to start when thinking about engineering curriculum is right at the very 
beginning. God made us and all things “for his own glory,” borrowing the phrase from the Introduction to 
the Westminster Shorter Catechism (Q&A 3). His mandate to us as his servants in his creation is to have 
dominion over it. God did not create the non-human creation to be worshipped in itself, as is the error 
when caring for the environment morphs into environmentalism. Rather, he created humans as the crown 
of his creative work, recalling the words from Psalm 8:4-6: “what is man that you are mindful of him, and 
the son of man that you care for him? Yet you have made him a little lower than the heavenly beings and 
crowned him with glory and honor. You have given him dominion over the works of your hands; you 
have put all things under his feet.” 

2. Our dominion over creation includes both cultivating and keeping 
What does this dominion look like? While we will expand on this a bit later, a primary task in having 
dominion is unfolding the non-human creation. Borrowing the title phrase from Andy Crouch, this 
dominion consists of “culture making.” God did not intend for humans to merely sit around and watch the 
world go by. He called humans to work, to serve. Initial tasks in this service included naming the animals, 
cultivating the garden, and taking care of the garden. Engineering is NOT simply problem-solving. It does 
not consist merely of trying to combat the ills of the creation due to the effects of the fall into sin. Rather, 
engineering is primarily a creational task, unfolding the creation that God has stewarded to us. 

Our creational call as God’s stewards of his creation in Genesis 1:28 is clarified in Genesis 2:15 as a 
mandate to both develop the creation and take care of the creation. As noted above, this two-fold task is 
challenging and sometimes falsely appears to pit dueling calls against each other. Do we develop and 
unfold? Or do we keep and preserve? Proper discernment of ways we can cultivate creation in order to 
enable it to continue flourishing are rarely easy decisions, so as Christians seeking to obediently fulfill 
this two-fold mandate we must be equipped to consider many other biblical principles in the decision-
making process. Adams has provided a helpful discussion that gives a framework from which to approach 
this preservation/cultivation dichotomy. He writes, reflecting on Genesis 2:15: 

To “work [the creation] and take care of it:” the meaning here is clearly one that will not 
support our ravaging the creation for our own selfish wants. Neither, however, will it 
support our placing the non-human creation on a pedestal where it is best left untouched 
by human hands—or footsteps, as some are inclined to say. The non-human creation is 
given its proper due when, like an abused human child, it is treated with the tender care 
that brings healing and renewal, and when it is enabled to flower and develop, before the 
face of the Lord—and according to his Word. [17] 

As Christians engaged in the field of engineering, we may not shy away from or neglect this mandate. We 
are called to wrestle with this mandate of conservation and development and to continue to grow in 
Scriptural wisdom and understanding, which in turn will provide a firm foundation from which to make 
obedient decisions related to this two-fold task. 
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3. We are creatures 
We have already briefly discussed how our current culture’s typical approach to engineering often 
emanates from a humanistic understanding, whereby engineers and their solutions are viewed as saviors 
that are going to cure every ill. The CFR framework, particularly in a proper understanding of our fall into 
sin, clearly shows the error of a humanistic approach. Humans are sinful, corrupted beings that cannot 
look to a salvation that comes from their own ingenuity and the work of their own hands. Rather, true 
salvation comes only through Christ’s reconciling work, and we as humans can only hope to be obedient, 
grateful servants of Christ in his ongoing work because of what he has done for us. 

Also related to our goals and motives as humans, we must recognize that even before the fall Adam and 
Eve did not exist on a level playing field with God. The biblical narrative clearly shows that God, the 
Creator, created humans, the creatures. Indeed, humans are the crown of creation and have a unique 
creaturely role that is established above the non-human creation, but humans were never on an equal 
footing with God. Rather, humans were created for God’s glory, and humans continue to exist to give 
God glory, albeit currently in an imperfect manner that is corrupted by pride, selfishness, and idolatry. 
Clearly, as humans we cannot save the world ourselves; we obediently follow God as his servants in his 
ongoing saving work. Our “creaturely-ness” also means that we can never “know” creation beyond our 
human experience with creation; thus, there are limits to our doing science and accordingly humility and 
caution in our engineering. 

4. Our obedient response includes engaging both the human and the non-human creation, which have 
experienced profound effects from the fall 

Engineering is, in many ways, primarily a creational task of unfolding God’s creation to his glory and in 
love to our neighbor. However, engineering is certainly also involved with obedient service in alleviating 
the effects of sin in creation. Romans 8 reveals to us how the fall into sin has affected not only humans 
but the non-human creation as well. The effects of sin are present in all of life, and the present creation 
“groans” under this curse. While we believe that ultimate hope and final reconciliation for the creation 
lies in the consummation of Christ’s second coming, we believe that God’s Word clearly provides 
directive to serve obediently in easing the effects of sin wherever we are able. 

Mentioning a few biblical examples of such work may be helpful in illustrating obedience in such a 
manner. One example that is near and dear to the hearts of the civil engineering authors of this paper is 
King Hezekiah, who “trusted in the LORD, the God of Israel, so that there was none like him among all 
the kings of Judah after him, nor among those who were before him” (2 Kings 18:5). We see in 2 Kings 
20:20 that King Hezekiah oversaw the construction of a tunnel to bring water into the city of Jerusalem 
when it was under siege from Assyria. Another example of a civil engineering project that was 
commended and blessed by God is seen in Nehemiah’s rebuilding of the city walls of Jerusalem after the 
exile. The entire book of Nehemiah shows how Nehemiah was called to this task and equipped by God to 
complete it. (God’s blessing of the project is especially evident in Nehemiah 2:8.) A couple of other 
examples where we see the importance of caring for the afflicted and finding creative ways to lessen 
suffering include Jesus’ parable of the Good Samaritan in Luke 10:25-37 and the establishment of a 
deaconate in Acts 6:1-6 to care for the physical needs of the people, noting that this last example is unique 
in that it is tied specifically to the ministry of the institutional church. 
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5. Christ’s kingdom is already here but not yet fully consummated 
God has not revealed to us specifically how our obedient acts of service and the reconciling work of 
Christ related to the physical creation during the era of redemptive history in which we live will translate 
into the consummation of the new heavens and earth. Scripture seems to indicate that some drastic 
renewal will occur at the final judgment. The changes will be “as through fire,” according to 1 
Corinthians 3:10-15. In Hebrews 12:26 the Lord tells us that at the final consummation “I will shake not 
only the earth but also the heavens.” Further to this point, in 2 Peter 3:5-7 and following, we read that 
“…long ago by God’s word the heavens came into being and the earth was formed out of water and by 
water. By these waters also the world of that time was deluged and destroyed. By the same the word the 
present heavens and earth are reserved for fire, being kept for the day of judgment and destruction of 
ungodly men” [NIV]. To say that the earth was destroyed “as with the flood” does not imply that the 
natural creation will be absolutely destroyed; 2 Peter 3:10 and Colossians 1:19-20 especially seem to be 
clear in the preservation of the current natural existence, in some way, shape, or form. We believe that a 
proper understanding of the final consummation is immensely rewarding and challenging for the 
Christian engineer. Suddenly, our participation in unfolding and developing the potential of the non-
human creation becomes something that may have eternal significance. Christ may be using us in his 
reconciliatory work! 

We do want to be very careful to not press this issue too far, however. God’s Word is quite clear and 
deliberate in presenting Christ as the reconciler again and again (Romans 5:10-11, 2 Corinthians 5:18-19, 
Ephesians 2:16, Colossians 1:20, for example); however, nowhere do we see humans called to such a 
task. We, as humans, are not little saviors! We are entirely dependent upon Christ’s saving work. Without 
faith in Christ as our redeemer, the work we are doing as engineers loses its meaning. The big picture 
becomes a narrow picture with far less impetus if we do our work selfishly for our own benefit, or even 
only for the good of our neighbor, without recognizing that it is part of our grateful service for the saving 
work that Christ has done for us and the continuing sanctifying work of the Spirit in our lives. 

Laying out a curriculum 

We are continuously reminded of the all-encompassing nature of CFR, and with that the importance of 
remaining holistic, rather than dualistic or compartmentalized, in our approach. Thus, the guiding 
principles that we have laid out as an application of the CFR paradigm to engineering need to be reflected 
in every part of a biblically-obedient engineering curriculum. This statement should not be taken to mean 
that each principle must be reflected equally in each course; rather, when the curriculum is considered as 
a whole each principle should be appropriately represented. To achieve this goal, the curriculum should 
feature narrow but broad content, sequential and interconnected learning, and unification by diverse 
faculty [18]. 

Narrow but broad content 
When considering the content of a biblically-faithful engineering curriculum, we must carefully consider 
our obedient response to the Creator. Our faithful service entails seeking to fulfill our broad mandate to 
unfold the creation. In addition, the fall has severely impacted all of creation. Effective service, therefore, 
requires disciplined focus in a particular area of need with a broad understanding and awareness of the 
greater context. To provide students with disciplined and knowledgeable focus, the curriculum must equip 
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students with a solid understanding of engineering practices and techniques that have been developed and 
the skill to apply these basic principles in useful and meaningful ways [18]. 

Equipping students with specialized knowledge is the tendency of many engineering programs. While this 
knowledge is important, it is critical that a curriculum does not become too narrowly focused or isolated. 
Such reductionism fails to appreciate the cross-disciplinary nature of contemporary engineering problems 
and hides the fact that no problem can be solved by engineering alone. The proposed solution must meet 
standards in areas such as cultural appropriateness, stewardship, and justice to those impacted. 
Furthermore, a broad curriculum will also cultivate a healthy respect and awareness of other disciplines, a 
respect that will be highly valued when addressing needs in this fallen world. 

An anecdotal experience of one of the authors illustrates both the lack of awareness of other disciplines 
and the detriment to student learning that can occur when an engineering program becomes isolated. This 
author has had the opportunity to teach upper-level undergraduate civil engineering design courses at two 
institutions. One offers a more specialized civil engineering degree, and the other offers a general 
engineering degree. Both courses rely heavily on topics covered in previous courses such as materials 
science and mechanics of materials. At the institution with a civil-specific degree, students tend to have a 
poorer grasp of the basic underlying concepts when compared to the general-degree institution. The 
dominant response from students, when asked why they are struggling, is that the concepts are from 
“engineering mechanics” courses that are taught outside the civil department, so they see no need to really 
care about or understand that content. Conversely, at the other institution, the courses that cover the 
underlying fundamental concepts are taught within the same engineering department as which the upper-
level courses are taught. The closer institutional relationship of the courses seems to cause students to 
take more ownership of the earlier concepts and put more value in that content. There are many other 
factors at play, including size of the institutions and the attitudes of the students; however, the author’s 
experiences have led him to conclude that a broad curriculum, in which the general curriculum is used to 
develop the base knowledge needed for more specialized emphases, is more effective in preparing 
students for upper level courses than a narrowly-focused, heavily-isolated curriculum. For the students in 
the narrowly-focused curriculum, the topics addressed often appear to be presented out of context. 

Sequential and interconnected learning 
Noting the importance of the context in which material is presented leads into a second feature of a 
biblically-faithful curriculum: sequential and interconnected learning. By definition, a Christian 
engineering program is offered at a Christian institution of higher learning. The principles reflected in this 
engineering program will also be reflected in courses that are part of that institution’s core curriculum. 
Rather than attempting to develop all principles within the context of engineering courses that are already 
demanding in terms of technical material, when seeking to apply these principles to the field of 
engineering, faculty can rely on knowledge gained in previous courses in areas such as philosophy and 
theology [18]. Noting these connections between different disciplines lessens the demands on engineering 
faculty, but more importantly it serves to demonstrate the interconnected and diverse nature of the 
creation in which we’re called to serve the Lord. 

On a related note, care should be taken within the curriculum to present material in a balanced manner 
that fosters appreciation for a student’s field of study. Some have characterized the initial year of an 
engineering program as a “math-science death march” [19]. Essentially, freshman students eager to 
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design solutions for the world’s problems must first “wade through a blizzard of calculus, physics, and 
chemistry” [19]. As illustrated in the previous section, this underlying knowledge is necessary for success 
in future design courses, and its importance should not be overlooked. However, without opportunities to 
practice engineering design in some fashion, many students lose the passion for engineering that they 
originally felt when they arrived at college. This loss of passion is cited by some as a reason that some 
engineering students switch majors or fail to graduate [20], a phenomenon that most of us have likely 
observed to some extent in our particular institutions.  

As noted, our obedient response covers a wide swath of creation. In contrast, the initial semesters of 
engineering education focus largely on theoretical courses, sometimes without engineering applications. 
If it is our goal for students to understand that all of creation has value and must be appreciated, then 
multiple aspects of creation should be represented from the beginning to the end of a curriculum, rather 
than attempting to pick up this topic after the theoretical knowledge has been developed. 

In recent years, the engineering department at Dordt College has worked to enhance the hands-on 
engineering experiences in the first and second semesters of its curriculum. In this course sequence, each 
of the engineering emphases are defined and discussed. Students develop initial knowledge in these 
emphases and then engage a hands-on design problem. After implementing this course sequence, the 
department has found that students develop an appreciation for service through engineering early in the 
curriculum. In addition, students realize early-on the value of courses such as physics, chemistry, and 
calculus, which may appear theoretical but in actuality serve as the basis for many engineering practices. 

As a final point, the curriculum should also take the growth in a student’s maturity that occurs during 
their time in college into consideration. In the same sense that creation continues to open up as a whole, a 
student’s mind also opens up during their time at college. The curriculum must realize that although it is 
the goal that the foundational principles be understood and be a part of a student’s perspective on 
engineering by the time they graduate, some of these perspectives may be radically different from their 
initial impression of what it means to be a Christian engineer. 

Unification by diverse faculty 
Strong faculty relationships are critical in all these activities. Effectively conveying the importance of 
engineering in a biblically-faithful manner is beyond the capabilities of a single educator. Rather, this 
effort must be embraced by the department and perhaps the institution as a whole. Faculty members 
possess different gifts distributed by the Holy Spirit (I Cor. 12). The department must realize and embrace 
the gains that can be made by becoming interdependent. Yes, when one part suffers, the whole 
department may suffer, but if all in the department work together, the gains in learning and appreciation 
for engaging engineering as Christians can be greatly enhanced. With strong faculty relationships, the 
curriculum can weave common and resounding theological and philosophical threads that speak in one 
voice and will help students continue to grow in their understanding of their place in Christ’s redemptive 
story. Effective faculty relationships and teamwork seem to have strength in both their unity and their 
diversity. 

Building courses 

Our fourth principle states that our obedient response to the Lord includes engaging both the human and 
non-human creation. When discussing this response thus far, our thoughts largely focused on engaging 



 67 

creation through work as engineers, rather than in our unique roles as educators. It is critical that we do 
not forget that pedagogy and faculty-student relationships are affected by humanity’s fall and the 
creaturely nature of humans. 

In order to demonstrate the importance of the curriculum’s foundational principles, faculty, when building 
courses, should carefully consider the material content that will be presented. Some courses will likely be 
better than others for emphasizing certain principles. For example, environmental engineering courses or 
energy-related mechanical engineering courses might tie particularly well to the balance and tension of 
cultivating and keeping, and these courses can be pinpointed within the curriculum for targeted discussion 
and work related to this principle. When discussing this tension, we recommend avoiding hard-fast “right 
or wrong,” “black or white” types of posture for issues that God has not directly commanded or forbidden 
in his Word. However, we think that presenting this tension and challenging students to think biblically 
and holistically in this area will help students learn to serve more obediently with respect to this biblical 
principle and the many scenarios in which it is manifested. Anecdotal examples from the instructors as to 
how they thought through this struggle and applied it in specific situations in their own experience will 
also be educational in such discussions. 

During the construction of courses, the manner of presentation is also an important component; therefore, 
the instructor should take care to consider different pedagogical and leadership styles. Given our sinful 
tendencies, we tend to lord leadership over others. As we reflect on our experiences as students and 
educators, we recall times when standards have been set high and student failures were berated without 
sincere reflection on whether the educator had lived up to their duty to a student. Examining Matthew 
20:25-28, we find a distinct contrast to our sinful domineering leadership tendencies. In these verses, 
Christ teaches that “whoever would be great among you must be your servant.” This type of leadership 
should not be confused with passivity. John 2:13-16 and Luke 19:45-48 provide clear examples that 
servant leaders must take a stand against injustice and not abdicate their leadership responsibilities [3]. In 
our sinful tendencies, we often gravitate toward our own desires and teach using styles with which we are 
most comfortable. This predisposition can violate the command to honor others above ourselves (Romans 
12:10). Although instructional styles are rapidly changing, traditional approaches rely heavily on lectures. 
While effective for some types of learners, this single style does not always regard or respect the diversity 
within student ranks and the diversity of subject matter presented. 

Care must be taken to develop teaching strategies that suit the subject matter and reach students who learn 
in a variety of manners [18]. In addition, learning is known to be enhanced with active learning that 
connects subjects to real-life situations. Encouraging this type of learning environment also works to 
demonstrate the fact that we are fallen creatures. In active learning situations, the faculty member will not 
have all answers in all situations. Exposure to learning environments that demonstrate our finitude 
provides opportunities for students to appreciate creaturely-ness through the creation, including within 
their professors. 

Placing every class and every day within this structure 

Making our foundational principles present in our courses on a day-to-day basis represents one of the 
most difficult challenges when attempting to develop an integrally Christian engineering program. 
However, this perceived challenge has more to do with our past efforts as Christians to “copy” and 
“consume” an engineering education culture that is at its root in tension with a biblical epistemology. 
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Modern engineering education is the result of the unholy union of a Western liberal arts tradition (with its 
mind/body, spiritual/physical, upper/lower dichotomies) and a 20th century engineering rationalism [21]. 
While the efforts of Christian engineering institutions to train Christ followers are to be applauded, we are 
often less conscious of the structural assumptions regarding learning, believing, and knowing that we 
have inherited within the contemporary engineering education system. The creation of a distinctively 
Christian engineering culture remains a work in progress. 

When asserting that the ground motive for a Christian engineering curriculum is the overarching biblical 
narrative of Creation-Fall-Redemption, it would then follow that the way in which this story is told and 
revealed to us should provide guiding principles for the telling of the subsequent meta-narratives of this 
larger story (e.g., the narratives of cultural development in science and engineering). The story begins and 
ends with a God who does not give up on the people he has made and redeemed to be his own. The entire 
curriculum should be a reaffirmation of who we are. As James K. A. Smith suggests, “Education is not 
primarily a project concerned with providing information; rather, education is most fundamentally a 
matter of formation, a task of shaping and creating a certain kind of people” [22]. We are a people of 
God, which means that we are:  

A Desiring People: At the center of the story is God’s covenant of love with his creation, a love tougher 
than nails, that longs to reawaken the “heart center” of the creation—humanity. The mission of God’s 
kingdom begins not with reorienting our understanding, but rather with reorienting our desires [22]. We 
are loving beings before we are thinking beings. In one sense, the recent trends to attract more students to 
engineering are addressing the same deficiency. The prescribed treatment, however, lacks an accurate 
diagnosis. Treating “desire” deficiency by making engineering more “fun-filled” and “exciting” attempts 
to administer a different infusion of self-gratification when the old self-gratification infusions of prestige, 
money, or power are beginning to lose their cultural effectiveness. While Christians need not be killjoys, 
they can attest to the reality that the deepest joys come from the awakening of our desire for the kingdom 
of shalom. This is a kingdom that calls us to the task of creating “life in the fullest” for those around us, 
redeeming the life “unrealized,” and imagining a future shalom. Does each course in the curriculum 
contain elements of this “creativity,” “re-creativity,” and “imagination”? Do we give ample time in, for 
example, a machine design class for students to nurture a kingdom imagination and “desire”? Maybe our 
design projects are over-constrained? 

A Serving People: A term that has entered the campus vocabulary via The Educational Framework of 
Dordt College [18] is “serviceable insight.” Often this gets mistaken for a term meaning “useful” or 
“practical” insight. This is not the case. While the term was coined to reject the notion that insight was to 
be gained for its own sake, it carries with it the belief that true insight germinates from desire instilled by 
one who has been loved. Insight is driven by a heart response, not a mere intellectual curiosity. As a 
result, both the motivation for insight and the result of insight is love. Desire-based insight seeks service. 
In our teaching of science, math, and engineering, how often do we challenge our students to see 
themselves as “serving” or “enabling” our fellow creatures (humans, atoms, numbers, etc.)? Isn’t the 
prevailing engineering motif one of domination and control? All Christian institutions see value in 
“service projects” or “service learning” added to the educational experience, but what would a curriculum 
look like in which all subjects are viewed through the lens of service? 
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An Imitating People: One of the principles of servant leadership is an invitation to imitation. Foot washers 
do, rather than simply show or tell. They participate, rather than delegate. Professors who seek respect are 
following the spirit of the prevalent engineering culture. Elements of both the “sage on the stage” 
pedagogy and the “inverted classroom” reflect this same paradigm, they remain instructor-centered. When 
is the last time we presented a paper alongside our students? When is the last time we completed a design 
project alongside our students and allowed them to critique and grade our efforts? When we start a class 
with devotions, does it model for the class how the narrative of scripture connects to the very subject we 
are studying, with the very lives we are living together today? Fewer and fewer engineering faculty find 
themselves actually doing engineering as they may have done in industry before coming to the classroom. 
Why should this be the case? 

A Remembering People: When John Calvin addressed how often worshippers should participate in the 
Lord’s Supper, he said at least once every week [23]. One of his points was that remembering should be 
as regular and ordinary as eating and drinking. Our contemporary culture might consider this a recipe for 
complacent meaningless ritual. However, such critique does not understand the human heart. A right heart 
and mind does not necessitate right habits, rather, it is the habits that shape the heart and mind. We are 
creatures of habit. We are people who must “remember” regularly. Do our classrooms have a liturgical 
character? What reminding habits or rituals do we develop to “eat, drink, remember, and believe” that we 
and our classes belong to Jesus Christ? Is it a regular reminder before every differential equation of the 
fallibility of human models? Is it a reminder that shalom seeking finds itself in thermodynamic equations? 
Is it a reminder that we are our brother’s keeper and teacher? Have we assessed the habits we 
intentionally or unintentionally engender in our students? Do we provide a historical anecdote before an 
equation is written on the board to remind the class of the wholly human activity of engineering? 

A Communing People: Christ’s life was fully immersed with his disciples. Although memorable and 
highly important, sermons were but one part of the educational strategy Christ used to spread the gospel. 
A similar approach is present in the relationship between apostles and New Testament believers. 
Information was spread in letters, but more importantly the apostles worked to establish ongoing 
relationships with new believers. Take the example of Paul’s relationship with Titus and Timothy. Even 
when separated, these companions supported each other in their faith with letters demonstrating continued 
devotion. In turn, the relationships of Titus and Timothy to their brothers and sisters in Christ in their 
respective locales no doubt played a role in the discipleship and growth in Christ of their congregations 
and even sustained the relationships between these congregations and Paul, who spread the message of 
Christ to them in the first place. Forget the content. We all have a bit of “Martha” in us; we rush to serve 
the community, while failing to see the opportunity, as Mary did, to create community. The relationship 
should come first! Then let the content follow. How does the structure of our program, faculty 
assignments, or curriculum encourage these Christian mentoring relationships to flourish? For example, 
do the course assignments allow for faculty to remain in contact with all students in at least one curricular 
element per year throughout a student’s four years? 

A Waiting People: Engineers tend towards impatience. We often praise this in the form of initiative and 
drive. But the kingdom is not of our own doing or building. We long for shalom, but our task is to point to 
a work in progress. We praise technology that frees us from pain, but it can be that very pain that instills 
the longing and desire for the kingdom. Do we equally challenge our students to consider “not to solve a 
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problem” as a valid solution? How does our technology enable us to wait; how does it generate gratitude? 
What aspects of our curriculum encourage the Christian anti-technologist? 

A Creating People: One of the most important grammatical corrections we can communicate to our 
students is that they do not “take” engineering, math, and science, rather they “do” engineering, math, and 
science. This is a countercultural grammatical change. The “do” in our curriculum, emphasizes the “art” 
of learning. We make math, we generate science, and we fashion as engineers. It is a naming process that 
started in the Garden of Eden. It is human and thus fallible and finite. It is also God-ordained. In it we 
have both a freedom and a responsibility. Our secular counterparts might encourage free-thinking 
innovation in hopes of creating the next Apple computer company or cure for a deadly disease. We, on 
the other hand, encourage free-thinking because God invites it. Do we encourage this radical creativity in 
our classes? Is playful engineering not outside the bounds of the Christ follower whose inspiration is the 
God who created the penguin? 

A Whole People: A curriculum should emphasize to students that they are called to be whole people, not 
engineers. Too many programs and curriculums focus on establishing an identity as an engineer. This 
narrow identity tends to isolate, specialize, and insulate. The curriculum should not simply depend on 
“liberal arts” courses to provide breadth. Faculty members must be encouraged to read, study, and teach 
across the engineering curriculum in areas such as philosophy, biblical foundations, aesthetics, 
economics, ethics, history, communication, and leadership. Do our engineering programs truly consider 
students as whole people, or have we reduced them to engineers? 

Overall, the task of developing an integrally Christian engineering program remains a difficult challenge. 
The culture of engineering education and its accreditation structures constrains the radical changes 
implied in the guiding principles above. Is a complete “inner reformation engineering education” called 
for, or do we try to work within the system? 

A significant goal of Christian teaching is to enable us to be salt and light for the world. Using this 
grammar frees us from the burden of trying to “integrate faith and learning,” a difficult task which 
frequently results in efforts to infuse our faith into a class in ways that feel inauthentic and tacked on 
rather than foundational. Having the appearance of tacked-on faith creates substantial dissonance between 
our principles and our day-to-day activities. Daily class periods must bring regular formal and informal 
reminders of the overall perspective we seek to develop. As educators, we need to be diligent in affirming 
to ourselves and our students that our biblical perspective is integral to our engineering curriculum, not 
just integrated into our engineering curriculum. If we simply leave such discussions or such mindsets to 
the foundational non-engineering classes, the avoidance of such topics in engineering classes ends up 
being de facto support of the reductionistic tendencies that manifest themselves in humanistic or 
naturalistic approaches—the very things that we are trying to avoid! 

To make daily reaffirmations of our faith, classes can include activities such as projects related to 
Christian perspective. Opening devotions work well to strengthen this foundation as well, provided that 
they are conducted in such a way that reinforces the foundational nature of God’s word to the study of 
engineering. However, it is also critical to use pedagogical methods that are effective. In this effort, 
relationships are critically important. We have already mentioned the relationships between Christ and his 
disciples or the apostles with New Testament believers. The gospel was not spread by simple information 
transfer, and neither can we simply transfer information in our courses and expect students to grasp it. 
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True education cannot happen by simply logging online, reading some material, filling in some answers, 
and receiving a congratulatory piece of paper. True education only happens if relationships are formed, if 
struggles are endured and successes are enjoyed together, if we see each other growing in our 
understanding of God’s creative work, Christ’s saving work, and the Spirit’s nourishing work. The 
techniques to develop these relationships are varied. Some include active learning activities such as team 
problem solving, exit-ticket questions, or paired explanation of conceptual topics. 

To wrap up our discussion, we would like to provide one caution. Activities should not be added to a 
course just to make it “Christian.” Striving for daily obedience to God’s Word is extremely important, 
and the guiding principles that we have identified can help in this effort, but acting Christian does not 
make one Christian. Pious activities like reading and meditating on Scripture and going to God in prayer 
are absolutely necessary, since they keep us grounded in our Creator and his revelation to us and also 
reflect a fruitful faith walk as disciples of Christ, grateful for the work he has done for us. However, 
merely conducting these activities alongside whatever else we choose by no means results in a Christian 
engineering class or curriculum. Care must be taken to develop a unified manner of instruction that 
features daily reminders in an authentic manner and a genuine and holistic overall approach; otherwise 
our students will find our faith pharisaical. 

Conclusion 

Where do we go from here? We have identified guiding principles for an engineering curriculum that we 
believe proceed from a proper understanding of the biblical narrative, the story of Christ, the story in 
which all of us live and work and have our being. We have begun to develop thoughts on crucial aspects 
of overall engineering curricula that proceed from a proper understanding of his story. We have also 
begun to discuss how an engineering course might be constructed in the awareness of his story and direct 
attention of students and instructor to his story. Finally, we have looked at how day-to-day personal 
interactions of faculty and students, both inside and outside the classroom, can and should proceed from a 
proper understanding of his story and can help disciple young Christians to “do” engineering as whole 
persons who recognize and embrace their participation in his story. So now what? It seems that it is time 
to get into the “nitty-gritty,” so to speak. We feel that working through this paper has helped us envision 
what a more distinctively Christian engineering curriculum might look like, and we pray that it might be 
helpful for you as well. Now we are ready to give it a go! We are ready to apply this vision to specific 
case studies and identify surprises and challenges along the way. We plan to include in these case studies 
overall engineering curricula, individual course syllabi, daily class plans, and other personal interactions 
at engineering institutions. We will begin with institutions that are familiar to us, but we heartily invite 
you to join us by adding your institutions, your experiences, your context to the mix. We and our 
institutions are all part of his story, so let’s strive to continue to improve our understanding of the place 
that we and our students have in the continuing narrative! 
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Engineering in the Great Narrative 
Max Deffenbaugh 

Abstract 

Engineers shape the material world to practical ends.  So a Christian perspective on engineering begins 
with a Biblical understanding of God’s purpose and plan for the material world.  We present the view that 
the purpose of creation is to glorify God through the unfolding of His great redemptive narrative.  The 
role of humankind in this drama has always been--and still is--to labor in our various callings.  This role 
is the same for both the redeemed and the unredeemed, and as such it provides the context in which we 
glorify God by demonstrating the impact of his redemptive work.  Three ways in which we glorify God 
are identified.  First, we glorify God by serving others.  For engineers, this service takes the form of 
developing and bringing to market technologies that effectively meet real human needs.  We also glorify 
God by bearing the fruit of his redemptive work in our labor.  This principle can guide choices about 
career direction as we reflect on what God has done in our lives and how we can best bear the fruit of that 
work.  Our efforts to serve others and bear fruit are often accompanied by suffering, and we can glorify 
God by the things for which we are willing to suffer.  The view of this paper, that our labor is the context 
in which we glorify God through demonstrating the impact of his redemptive work, is contrasted with 
other views. 

The Great Narrative 

The Bible has been described in many ways:  “God’s love letter to you” “The manual for life” “God’s 
word to us”.  While there is an element of truth in each of these descriptions, none of them capture the 
literary forms of the Bible, its diversity of human authorship, the span of time over which it was produced 
and assembled, the interaction between its parts, or its message.  The Bible is, of course, a collection of 
writings of various genres by dozens of authors over more than a millennium.  Though differing in their 
historical particularity, the writings of the Bible have a common interest in how God has worked--and 
will work--to save His people.  In the Scriptures, later writings reinterpret earlier writings, finding in past 
lesser salvations a foreshadowing and promise of greater future salvation.  Finally, in Christ the 
metanarrative behind all of Scripture becomes clear: God’s great plan to save His people and establish His 
kingdom on earth.   

According to Jonathan Edwards, this plan of redemption is not a diversion.  It was not a “Plan B” made 
necessary when Adam and Eve thwarted God’s original intention.  Rather, the great work of redemption 
is the very reason for the creation.  In his History of the Work of Redemption, he observes,  “As to this 
lower world, it was doubtless created to be a stage upon which this great and wonderful work of 
redemption should be transacted…” [1] The end goal of the work of redemption is to glorify God.  (Isaiah 
43:6-7, Isaiah 60:21, John 17:4,10, Phil. 2:5-11, Eph. 1:13-14, 2 Cor. 4:14-15, 1 Peter 2:9).  In the words 
of Jonathan Edwards, “All that is ever spoken of in the Scripture as a ultimate end of God’s works, is 
included in that one phrase, the glory of God, (which) is the emanation and true external expression of 
God’s internal glory and fullness” [2] 

If God’s great work of redemption is the theme of Scripture, the purpose of creation, and the means by 
which God has chosen to glorify himself, what role does humankind—and the engineer in particular—
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play in this work?  At the creation, the first man and woman are commanded to “Be fruitful and increase 
in number; fill the earth and subdue it.  Rule over the fish of the sea and the birds of the air and over every 
living creature that moves on the ground.” (Gen. 1:28).  These basic roles in which we must labor fall 
under a curse of pain and futility (Gen. 3:17-19), but they nevertheless remain God-ordained roles. (Gen. 
9:1-3, Psalm 8:4-9).  The subjection of creation to humankind is presently imperfect, but Christ’s 
exaltation anticipates the future rule of the redeemed (Heb. 2:8-10).  The fall and the recreation do not 
change the role of humankind as ruler of creation.  Neither does redemption.  Those who are redeemed 
are urged to remain in their roles (1 Thess. 4:11-12, 1 Tim. 5:8, 1 Cor. 7:20) rather than imagining that 
their redemption brings a different role.  According to Calvin, 

…we know that men were created for the express purpose of being employed in labor of 
various kinds, and that no sacrifice is more pleasing to God, than when every man applies 
diligently to his own calling, and endeavors to live in such a manner as to contribute to 
the general advantage. [3] 

How We Glorify God 

The Bible seems quite clear on the role of people in the creation, but this role of laboring to provide our 
needs, raise our families, and control the creation around us seems rather unspiritual.  It is, after all, the 
same role for both redeemed and unredeemed.  How can this role glorify God?  To investigate this 
question, we looked at cases in the New Testament where the actions of Christians “glorify” or 
“glorified” God or brought “glory” to God.  The common theme in all cases was that the actions 
demonstrated the impact of God’s redemptive work.  These actions fell into three categories: 

1. Serving others  (Matt. 5:16, I Peter 2:12, 2 Cor. 8:19, 1 Peter 4:11, Rom. 15:6, I Cor. 10:31) 
2. Bearing Fruit  (John 15:8, Phil. 1:9-11, 2 Cor. 4:15) 
3. Suffering (1 Peter 4:16, John 21:19) 

Each of these ways of glorifying God is described in greater detail in the following and examples of how 
they apply in the work and life of the engineer are discussed. 

Serving Others 
We glorify God by serving others.  According to Frederick Gaiser, 

…Christian vocation is not finally about production (though production will 
result), just as it is not ultimately about my own satisfaction (though it will surely 
satisfy); it is about the neighbor, about giving oneself to the other in love and 
service in the glorious freedom of the gospel. And God will welcome all our 
efforts to that end, however skilled or hesitant they might be. [4] 

God’s plan for redemption includes sustaining human life after the fall by meeting human needs through 
our labor, and God is glorified by the outworking of this plan.   

Engineering is fun.  Most engineers enjoy their work, and if they complain about their jobs, it usually has 
to do with meetings or administrative tasks that take their time away from engineering.  This is a blessing, 
and one for which engineers should thank God.  The enjoyment of engineering also poses a temptation for 
the engineer to simply create technology for the thrill of it rather than as a tool to serve human needs.  
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Serving people requires entering their world and understanding their need, dealing with their motivations 
and feelings about a technology, and working with those who control the means of producing and 
distributing the technology.  Many engineers find the human interactions required to define the 
customers’ need and to commercialize a technology that meets that need to be less enjoyable than the 
technical challenge of developing the technology.   While a new technology may represent a “resolve for 
good”, to fully glorify God it needs to actually be commercialized so that it meets the need of the 
neighbor.  “To this end we always pray for you, that our God may make you worthy of his calling and 
may fulfill every resolve for good and every work of faith by his power, so that the name of our Lord 
Jesus may be glorified in you, and you in Him, according to the grace of our God and the Lord Jesus 
Christ.”  (2 Thess. 1:11-12) 

In corporate training, managers are taught to analyze team members’ personalities and styles in order to 
better reach out to them to get them engaged and contributing to the effort.  This goal is motivated by the 
belief that diverse teams make better decisions and everyone has something important to offer.  From a 
Christian perspective, there is a greater reason to get everyone contributing.  If engineering work is rightly 
understood as the means by which the engineer glorifies God through serving people, then it becomes a 
holy and precious thing in the eyes of God, and the manager has a moral obligation not to waste the 
engineer’s efforts.   

Bearing Fruit 
We glorify God by bearing the fruit of His redemptive work in our lives.  College students (and older 
adults!) often struggle with the question, “What does God want me to do with my life?”   If the purpose of 
our lives is to glorify God by bearing the fruit of His work of redemption in us, then the answer to the 
question begins with another question “What has God done in your life?” followed by “What fruit can 
you bear because of what He did?”  Secular career advising has to do with assessing a person’s abilities, 
experiences, personality, and interests to determine the career in which they are likely to be happiest.  
From a Christian perspective, all that we are and have is a gift from God, most importantly our experience 
of His redemption and transformation in our lives.   More than our own happiness, our goal should be to 
bear witness to God’s work of redemption in us by the fruit we produce.  I am an engineer because God 
gave me abilities and a personality that are well-suited to that career.  He brought people into my life who 
ministered to me in a variety of ways through the props of circuits and computers.  God gave me the 
opportunity to go to school for many years to acquire knowledge of engineering and a job opportunity to 
work in the energy industry.  I regard all of those things as aspects of God’s larger work of redemption, 
and it seems clear that the way I can best bear the fruit of that work now is to show love for my neighbors 
by doing research that will help to provide them with a dependable and inexpensive supply of energy. 

Suffering 
We glorify God by our willingness to suffer for those things that God’s redemptive work has caused us to 
value.  In that way we truly demonstrate the impact of His work.  According to Luther, 

Since we know then that it is God’s good pleasure that we should suffer, and that God’s 
glory is manifested in our sufferings better than in any other way, and since we are the 
kind of people who cannot hold onto the Word and our faith without suffering, and 
moreover since we have the noble precious promise that the cross which God sends to us 
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is not a bad thing, but rather an utterly precious and noble holy thing, why should we not 
be bold to suffer? [5] 

There are different kinds of suffering.  According to Lee Hardy, 

Against the monastic practice of self-imposed suffering, whether bizarre or routine, 
Luther said that genuine religious suffering is still to be found in everyday life.  For every 
earthly occupation has its cross to bear.  ‘I ask you where our suffering is to be found.  I 
shall tell you:  Run through all the stations of life, from the lowest to the highest, and you 
will find what you are looking for…therefore do not worry where you can find suffering.  
That is not necessary.  Simply live as an earnest Christian preacher, pastor, burgher, 
farmer, noble, lord, and fulfill your office faithfully and loyally.’[6] 

An engineering career is not always a steady upward progression from success to greater success.  There 
are difficulties, setbacks, tedious assignments and failures.  One challenge for the engineer is evaluating 
whether a particular adverse circumstance should be endured as God-honoring suffering or is an 
indication that a change in direction, change of assignment or even a change of job is needed.  It can help 
in resolving this question to understand that the value of suffering consists in the testimony it gives to 
God’s redemptive work.  Does enduring this suffering prove my commitment to produce a technology 
that genuinely serves human needs or does it prove the extent of my blindness to other approaches or the 
depth of my fear of change? 

Contrast with other views 

Table 1 lists three other views of the purpose of work and how we glorify God with regards to work, 
followed by the view presented in this paper.    

Table 1. Four perspectives on work. 

Work is… We glorify God by… 
A necessary encumbrance Investing our time and energy as much as 

possible into eternal things rather than into 
our work 

Of little intrinsic value, but can be made to 
glorify God 

Intermixing our work with prayer and 
spiritual focus 

The means by which God brings His 
kingdom to earth 

Working at jobs that expand God’s 
kingdom by winning souls to Christ or 
reducing suffering and injustice 

The primary context in which we glorify 
God 

Demonstrating the impact of his 
redemption in our work 

 

In one view, our work is a necessary encumbrance, and service to others in meeting their physical needs 
has little value.  In this view, to glorify God, we should invest our time, effort, and resources as much as 
possible into those things which will last into eternity rather than those things which will pass away.  An 
objection to this view is that the list of what persists through the re-creation is far shorter than is often 
recognized.  Cars, houses, and fancy clothes will not last, but neither will Biblical knowledge (for then we 
shall see face to face what we now only see dimly), personal character (for there will be no more sin), our 
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marriages will not last (for there will be no marriage in heaven), and the physical and emotional hurts and 
healings that we may have caused will not last (for He will wipe away every tear).  Although these things 
will not last, they are all fundamentally important for how we bear witness to God’s redemptive work, 
and how our personal narrative becomes a part of God’s great narrative.  Instead of trying to “make a 
name for ourselves” (Gen. 11:3) by impacting eternity, we should focus on the role God has called us to 
in Scripture that we might glorify Him in our lives on earth.   

In a second view, our work can become glorifying to God if we augment it with aggressive faith and 
prayer.  A.W. Tozer explains,   

Paul’s exhortation to “do all to the glory of God” is more than pious idealism…. It opens 
before us the possibility of making every act of our lives contribute to the glory of God…  
We can meet this successfully only by the exercise of an aggressive faith... Keep 
reminding God in our times of private prayer that we mean every act for His glory; then 
supplement those times by a thousand thought-prayers as we go about the job of living. 
Let us practice the fine art of making every work a priestly ministration. Let us believe 
that God is in all our simple deeds and learn to find Him there. [7] 

However, forming of an emulsion of our simple deeds with prayer is not what Paul is talking about in 1 
Cor. 10:31 where he says “do all to the glory of God”.   Rather he is exhorting us to consider what would 
glorify God as an objective criterion for deciding what we should or should not do.  The Corinthians 
should decide whether to eat meat that may have been sacrificed to idols based on whether it would 
glorify God or discredit God’s work of redemption in the eyes of others (1 Cor. 10:32).   In contrast with 
the view above, Luther insists that our work does have value as service to God, even those tasks that are 
ordinary, 

Our foolishness consists in laying too much stress upon the show of works and when 
these do not glitter as something extraordinary we regard them as of no value… What 
would you do if Christ himself with all the angels were visible to descend, and command 
you in your home to sweep your house and wash the pans and kettles?  How happy you 
would feel, and would not know how to act for joy, not for the work’s sake, but that you 
knew that thereby you were serving him, who is greater than heaven and earth. [8] 

There is a tendency (temptation?) to regard our calling to labor as of little “spiritual” value and to 
augment it with “glitter” to use Luther’s term.    

In a third view, the importance of our work is elevated to the point where we become the redeemers of 
creation and bring the kingdom of God as we labor to reduce suffering and injustice in all aspects of life. 
We should certainly seek to reduce suffering and injustice in all aspects of life as part of the biblical 
command to love our neighbors. However, the valuable insight behind this view is (in my opinion) 
marred by a misapplication of theological terms to describe it.  Loving our neighbor does not make us 
their “redeemer” or “reconciler” nor does it expand the “kingdom of God” in the biblical sense of these 
terms.  In the great narrative, Christ is our Redeemer (Gal. 4:4-5, Titus 2:14) and Reconciler (Eph. 2:16, 
Col. 1:20) and the one who brings the kingdom of God as the end point of the great narrative (Daniel 
2:34, 44-45).  Humankind is the ruler of creation and by grace the beneficiary of God’s work of 
redemption.  What price could we pay to redeem or “buy back” the whole of creation when we can’t even 
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redeem ourselves?  We reflect redemption; we do not effect redemption.  Neither is mankind ever 
pictured as bringing, building, expanding, or increasing the kingdom of God.  As George Ladd observes,  

Men can enter the Kingdom (Matt. 5:20; 7:21; Mark 9:47; 10:23; etc.) but they are never 
said to erect it or to build it.  Men can receive the Kingdom, (Mark 10:15; Luke 18:17), 
inherit it (Matt. 25:34), and possess it (Matt. 5:4), but they are never said to establish it.  
Men can reject the Kingdom, i.e., refuse to receive it (Luke 10:11) or enter it (Matt. 
23:13), but they cannot destroy it.  They can look for it (Luke 23:51), pray for its coming 
(Matt. 6:10), and seek it (Matt. 6:33; Luke 12:31), but they cannot bring it.  Men may be 
in the Kingdom (Matt. 5:19; 8:11; Luke 13:29; etc.), but we are not told that the Kingdom 
grows.  Men can do things for the sake of the Kingdom (Matt. 19:12; Luke 18:29), but 
they are not said to act upon the Kingdom itself.  Men can preach the Kingdom (Matt. 
10:7; Luke 10:9), but only God can give it to men (Luke 12:32). [9] 

In God’s kingdom there will be no more suffering.  But, it is the logical fallacy of affirming the 
consequent to suggest that whatever mitigates suffering therefore increases the kingdom of God.   In Luke 
11:14-20, Jesus casts out a demon.  Some accuse Him of doing so by the power of the prince of demons.  
Jesus replies (vs. 20) “But if I drive out demons by the finger of God, then the kingdom of God has come 
upon you.”  The question at stake is whether Jesus is the Messiah and therefore possesses the power to 
bring the kingdom of God.  This Messianic power to bring God’s kingdom is distinct from all other 
means of reducing human suffering, including medicine, political reform, and engineering.  

Conclusion 

The purpose of creation is to provide a stage for the outworking of God’s great plan of redemption.  The 
role of mankind in this great redemptive narrative is to be fruitful, multiply, subdue the earth and rule 
over it.  In this role all humankind contributes to God’s plan by helping to sustain life through their labor 
and service to each other.  For Christians, our labor also provides the stage and props wherewith we can 
demonstrate the fruit of God’s redemptive work in our lives and thereby glorify Him.  In this role, we 
should neither seek out suffering nor eschew suffering as though it were a sign of being outside God’s 
purpose for us.  Rather, what we suffer for and how we suffer bears witness to God’s redemptive work.  
Finally, we glorify God by demonstrating the impact of his redemptive work in our labor rather than 
diminishing our labor as “unspiritual” or attempting to augment it by mixing it with “spiritual” activities 
or couching it in terms more descriptive of God’s role than man’s. 
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Abstract 

One of the homework assignments in a mechanical engineering course entitled Experimental Methods is 
to design an experiment to make measurements during a Biblical miracle. Students assume they know 
when the miracle would occur and that they can use modern instrumentation to make the measurements. 
Some of the miracles that have been analyzed include the parting of the Red Sea and the fire from heaven 
on Mount Carmel. Christian engineering students have found this type of assignment to be particularly 
useful for improving their ability to design experiments using the methods learned in class and also to 
strengthen their faith and belief in the sovereignty of God. This paper also includes student feedback on 
using this technique on specific miracles and on this type of assignment in general. 

Introduction 

A required course for the mechanical engineering concentration at Oral Roberts University is called 
Experimental Methods. The course description is “Introduction to experimental methods including 
design, measurement techniques, instrumentation, computer-aided data acquisition and data analysis in 
mechanical and thermal-fluid systems.” The learning outcomes for this course are that students 
successfully completing the course should be able to plan experiments, conduct experiments, and analyze 
experimental results. The textbook for the course is the classic book on this subject by Holman [1]. The 
typical class size is 10-15 students who are usually juniors. 

This course includes a variety of assignments designed to expose students to different aspects of planning 
experiments, selecting equipment, collecting and analyzing data, and writing reports. Students must 
present a section of the text as a class lecture. Random quizzes are used to “encourage” students to read 
the assigned textbook sections. Students must write a paper on a topic from an approved list that is due at 
the end of the course which incorporates many of the experimental techniques studied during the 
semester. Some example topics include a new gas turbine prototype design for an airplane and a new 
high-speed, large-bore underground drill for railway tunnel construction. There are seven labs, two of 
which are virtual, which are done in groups of three or four. A group lab report is submitted for each lab. 
There is a final exam where students must apply many of the experimental methods studied during the 
semester to a given problem which also includes economics where students are given a budget to 
purchase the instruments needed to determine specified performance criteria. A project is due at the end 
of the semester where students have their choice of doing a paper on an advanced experimental technique 
not discussed in class, designing a new lab (with a capital cost budget limitation) for future classes, or 
producing a video demonstrating the procedures for an existing lab. There are in-class group assignments 
where students must apply the methods discussed during that class to a particular problem. One type of 
homework assignment includes short papers on a specific experimental method or instrument and how it 
could be applied to a real scenario. Another type of homework problem of specific interest here is a paper 
on applying experimental methods to a Biblical miracle. 

A primary learning objective of the course is that students should be able to design their own experiments 
using the tools they have learned in class. Students become more proficient at this with practice. A variety 
of scenarios used throughout the course allow students to see how these methods are actually used in 
practice. Some example scenarios include making measurements in: process heaters in refineries, melting 
furnaces in steel mills, glass furnaces in glass production plants, and rotary cement kilns used for making 
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cement. These measurements typically include, for example, temperatures, pressures, flow rates, and 
pollutant emissions. 

One scenario that has proven to be of particular interest to Christian engineering students is applying 
experimental methods to Biblical miracles. The purpose of such a hypothetical exercise is to collect 
experimental data to document and analyze an event that would be difficult to explain in terms of natural 
laws and which Christians have reason to believe was achieved supernaturally. The job of the student is to 
pretend that they know in advance a particular miracle will occur and then to design an experimental plan 
to collect data using modern techniques. These data would then be used to analyze the miracle from an 
engineering perspective. A particularly powerful way to apply this technique in a class is to assign the 
same miracle to all students (or groups of students depending on the size of the class and the scope of the 
assignment), and to give the students the freedom to create their own experimental design. This simulates 
what happens in actual practice where no two engineers typically design exactly the same experiment. 

There are many variations on how this can be done in such a course. The instrumentation available for a 
given miracle might be limited to what is being or has been studied up to that point in the class. For 
example, if temperature measurement is being studied at the time, then miracles involving fire (e.g., the 
fiery furnace or the burning bush) might be used and the instrumentation limited to only temperature 
measuring devices. Another variation is that students only have a certain amount of money they can spend 
so they have to prioritize what instrumentation is used. The project might be limited to only selecting a 
certain number of instruments, forcing students to prioritize the measurements. This paper discusses some 
of the ways this type of analysis has been used in the subject course including examples of Biblical 
miracles that have been analyzed. It also includes examples from student work to show how effective and 
instructive this type of assignment can be for Christian engineering students. 

Very few guidelines are given to the students for this type of assignment. Two and three miracles were 
assigned to the 2012 and 2013 classes, respectively. The assignments were spaced out during the course. 
One was assigned near the very beginning of the semester, which helped to build interest in the course. 
The assignments were one to two pages (single-spaced) in length. Only a very brief discussion of the 
miracle was permitted as it was assumed the reader was familiar with the miracle. Students were asked to 
focus more on what they would measure, where, and how frequently. They were not required to specify 
what specific instruments they would use. 

Currently, no specific rubric has been used to grade these assignments. Since these are very minor 
components of the overall grade, scores are generally only reduced for improper application of an 
experimental method (e.g., using the wrong device or misapplying a given device), failure to abide by the 
given assignment guidelines (e.g., paper is too long or too short), or failure to measure something that 
obviously should have been measured (e.g., measuring temperatures at the fire miracle on Mount 
Carmel). Instructor feedback is given on the appropriateness of the recommended measurements. Students 
are encouraged to be creative, including suggesting experimental measurements that may not have been 
covered yet at the time of the assignment. The focus is more on what variables the students recommend 
should be measured, rather than on the specifics of how they would be measured which are addressed in 
other assignments. One of the more important aspects of this type of assignment is sharing the 
recommendations with the class, so they can be discussed with peers and the instructor who give feedback 
on each student’s recommendations. 

Biblical Miracles 

C.S. Lewis (p. 12) defined a miracle as “an interference with Nature by supernatural power” [2]. Lockyer 
(p. 13), wrote, “The Biblical conception of a miracle is that of some extraordinary work of deity 
transcending the ordinary powers of nature and wrought in connection with the ends of revelation” [3]. 
Much has been written about Biblical miracles (e.g., [4]-[8]). Zakovich noted there is not universal 
agreement as to what constitutes a miracle in the Bible and that Hebrew terms that have been translated as 
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sign and great deeds have been used for miracles [9]. Isaacs noted there is no Hebrew word for “miracle” 
[10]. 

Not all Biblical miracles would be appropriate for an exercise to apply engineering experimental methods. 
For example, many of Jesus’ healing miracles would not be good candidates as they don’t involve 
engineering. However, there are many miracles, particularly in the Old Testament, that could be used for 
such an exercise. Some of them include, for example, fire raining on Sodom and Gomorrah, the fire from 
heaven consuming Solomon’s sacrifice at the commemoration of Temple, the burning bush, the parting of 
the Red Sea, the walls falling down at Jericho, Gideon’s fleece, the fire from heaven on Mount Carmel, 
Elijah and Elisha dividing the Jordan River, Elisha multiplying the widow’s oil, Elisha making an axe 
head float, and the fiery furnace. 

Experimental Methods Applied to Biblical Miracles 

Several Biblical miracles have been assigned to the Experimental Methods classes over the past two 
years. Students were asked to plan what types of measurements they would have made if they were 
present at the given miracle and could use today’s modern instrumentation. The purpose of the 
measurements and observations is to determine if existing natural laws can explain the events. If no such 
explanation exists, this does not necessarily prove the event was a miracle as it is possible the current 
understanding of natural laws is flawed. For the believer, this failure to explain the events using the 
known natural laws helps validate that the miracles were in fact supernatural, and not caused by a natural 
occurrence or by any trickery. For unbelievers, it should at least cause them to wonder, if not possibly 
search further for new natural explanations, assuming they believe the events actually occurred as 
described in the Bible. Two of those assignments are discussed briefly here including some of the 
comments and observations made by students. 

Parting of the Red Sea 
The parting of the Red Sea in Exodus 14 is a very prominent and famous miracle in the Old Testament. 
The Israelites were on their way to the Promised Land when they came to the Red Sea. They were being 
followed by the Egyptian army. Many of the Israelites believed they were trapped and would die at the 
hands of the Egyptians. However, Moses prayed to God and the pillar of cloud blocked the Egyptians 
while the waters in the Red Sea were parted by a strong wind, allowing the Israelites to cross. The water 
was held back by the wind until the Egyptian army tried to cross, at which time the water was released 
and the army destroyed. 

For this miracle, many students would have measured the atmospheric conditions, including the ambient 
temperature, pressure and humidity, and particularly the wind speed and direction. One student speculated 
that maybe a vacuum was created to help part the waters, while another wondered if the wind speed was 
supersonic to create enough force to hold back so much water. Some would have measured the condition 
of the water, including the composition, temperature, salinity, pH, and density to see if any of them 
changed significantly at the time of the miracle. The topography, composition, and density of the soil 
under the Red Sea would have been measured by some. Some students felt the exact location of the 
miracle and depth of the water before the parting would have been important to know, especially as some 
skeptics today have questioned whether the crossing took place in the Red Sea and have suggested the 
water was not very deep at all so that the Israelites were able to walk through the water to get to the other 
side [11]. The time of year and time of day may have been significant and would have been recorded by 
many of the students. The length of the crossing would be of interest to determine the magnitude of the 
force that would have been needed to hold back the water during the traverse by the Israelites. Some 
students would have measured the air and water pressure profiles at the time of the miracle to see if those 
changed in such a way as to facilitate the parting of the water. Photographing and videotaping the event 
would have been used to both show future generations and also as a reference for further details to try to 
describe the events that took place. Two students suggested testing Moses’ rod to see if there was 
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anything unusual about its composition. Another suggested measuring the seismic activity in the region to 
see if an underwater earthquake could have caused a dirt bridge to appear that later disappeared in an 
aftershock. One student suggested using infrared thermography to see if there were any changes in the 
heat levels in the vicinity at the time of the miracle. 

Fire on Mount Carmel 
In 1 Kings 18:16-46, the prophet Elijah set up an epic contest on Mount Carmel which some theologians 
believe is one of the most spectacular miracles in the Bible. Pink (p. 121) wrote, this confrontation “was 
one of the most dramatic acts in the whole history of Israel” [12]. Hendricks (p.27) wrote, “there is no 
more dramatic scene in all Scripture than the contest on Mount Carmel” [13]. The prophets of Baal 
prayed all day for their lifeless god Baal to send fire to consume their sacrifice. To further demonstrate 
Yahweh’s power, Elijah had twelve containers of water poured on his altar. He then prayed to his God, 
who immediately sent fire that not only consumed the water-soaked sacrifice, but also consumed the 
stones used to construct the sacrifice. 

Some have suggested that it was not actually fire from heaven but lightning [14]-[22]. Acquistapace even 
suggested Elijah may have driven a lightning rod into the middle of the sacrifice to attract a lightning 
strike [23]. It has also been suggested that Elijah did not pour water on the altar, but instead used a 
naturally-occurring liquid fuel called naphtha [24],[25]. There are many arguments against the lightning 
and naphtha theories which are discussed elsewhere [26]. These theories and arguments were discussed in 
class at the time of the assignment so the students could consider them in deciding what measurements 
they would make. 

Students have made some interesting observations for this miracle. One looked at what the flame 
temperature might have been. Elijah likely made the altar out of the stones on Mount Carmel which are 
mostly limestone which decomposes at 1517-2442°F. Soil turns to gas at 7232°F, so the fire from heaven 
may have been over 7000°F. This would be difficult to measure even with today’s modern 
instrumentation. Another student suggested that maybe the fire from heaven was actually a small meteor 
that looked like fire. 

Many different types of experimental measurements have been suggested by the students. Some would try 
to measure the flame temperature with an optical pyrometer. Many suggested measuring the atmospheric 
conditions such as the ambient air temperature, pressure, humidity, wind speed and direction, and 
composition. Many would measure the mass and composition of the wood, stones, water, sacrificial bull, 
and the resulting ash and soot left after the fire was extinguished. One of the reasons for measuring the 
composition of the water is to see if it was naphtha or some other flammable fluid. Many would have 
tried to measure the temperatures in and around the altar. Some suggested photographing and videotaping 
the incident so they could analyze it after the event. Testing the air composition after the miracle for 
oxygen and carbon dioxide would give an indication of the completeness of the combustion process. 
Some students specified the sampling frequency for each measurement and locations where they would 
make measurements. One student suggested measuring the electrical properties of the altar prior to the 
miracle, in consideration of the lightning theory. Another student suggested measuring the sound level 
during the miracle, although no specific reason was given for the purpose of such a measurement. 

This particular miracle analysis presented the instructor with an opportunity to discuss certain aspects of 
experimental methods. For example, using an optical pyrometer to measure the flame temperature would 
be challenging as the radiating gases in a flame, primarily water and carbon dioxide, do not radiate very 
much and the flame emissivity is very low and variable [27]. This would not be the typical application of 
that instrument. 

Student Feedback 

All thirteen students in the 2013 class were invited to participate in the writing of this paper. The 
following three students volunteered their thoughts on this type of assignment. 
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Aaron Olsson 
Using miracles to learn how to apply the experimental methods that I have been studying was very 
effective. I have been a part of church all of my life and as a result, the stories of the miracles in the Bible 
are very familiar to me. Since we were given the assignments of studying the miracles at the beginning of 
the semester, it was easier to understand the goals of the experimental methods class. I was able to take 
this understanding gained from examining the miracles and apply it to engineering problems. 

These assignments, where miracles that have been recorded in the Bible have been analyzed using the 
parameters of the experimental methods class, have had a positive impact on my spiritual life. In my 
experience, when miracles are brought into a discussion or a sermon, the miracle is just mentioned. Never 
have I heard of anyone asking, “How do you think that miracle happened?” Being able to take an 
experimental look at the miracles to try and give a logical explanation of how God performed the miracles 
opened another angle to see God as the engineer that He is. 

In the course, we studied the miracles of fire coming down from heaven when Elijah was proving that 
God was the god of Israel and the parting of the Red Sea. In addition to studying these miracles, it would 
be interesting to study the miracle of the floating axe head. A man was cutting down a tree and lost the 
head of the axe he had borrowed in a river. The man asked for help from Elisha and Elisha threw a stick 
in the river that caused the axe head to float. 

Jeffrey Sugiyama 
Throughout the Experimental Methods class, we were taught many different devices and methods of 
measuring. We were given assignments to practice using the proper devices to measure different things. 
However, science and theology were combined in a very unique way. In one type of assignment, instead 
of giving us a modern day scenario to try and use different measuring devices to create an experimental 
setup, we were given different Bible miracles. We were to use each miracle as our scenario and try to 
decide which measuring devices to use to determine if it indeed was a miracle.  

It was a brilliant assignment. By using miracles as scenarios, two things were accomplished. The first 
being that the class understood the material taught and applied it in a way that was both smart and 
professional. The second was that many colleges try to tear down theology and faith. However, this 
teaching strategy helped strengthen my understanding of the course material and strengthen my faith in 
God. It was an incredible revelation to me personally. Throughout the course, we were given several 
biblical scenarios and every one of them would not be explainable by any of the theoretical data we would 
have recorded. This impacted the Bible stories I read as a kid. Everything from the parting of the Red Sea 
to jars filled with oil from an unlimited supply, these stories were seen in a different light. 

I feel that I have underestimated the fullness of God’s miracles. His miracles are more than some fairy 
tale magic. They are His ways of showing us His power. They cannot be explained, not because of some 
sleight-of-hand or trickery. They cannot be explained using natural laws because they are miracles. 

David Timoshenko 
The concept of using experimental methods to analyze a miracle’s veracity had never occurred to me 
before. As the first miracle was assigned, I had no idea what kind of impact it would have on my 
understanding of experimental methods. Even with the limited knowledge I had of measurement devices 
and techniques at the time, I was able to approach the miracle of the fire on Mt. Carmel from the 
perspective of an engineer. The analysis of the miracle may have been based on a hypothetical situation, 
but the application of knowledge learned through semesters of engineering coursework was real. 
Although the scenarios presented in the scope of the assignment are miracles, the assignment itself forces 
a student to look at the possible methods and mechanisms that would make such a miracle work. As I 
learned more throughout the experimental methods course, I was able to discern what types of techniques 
and devices one would use to measure certain physical properties. This knowledge was then applied to 
later analyses of miracles to measure the physical properties of the various phenomena which would have 
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to occur during a miracle. The very nature of a miracle, or a supernatural occurrence, is that it is beyond 
the scope of our understanding of physics and the sciences. The challenge presented by having to analyze 
something that is supernatural is a major contributor to the learning process provided in these 
assignments. Typically, one would measure the present qualities and attributes of a system and analyze 
the experiment based on the acquired data; however, when trying to measure a miracle, those qualities 
may not necessarily be present. Students have to deduce what types of anomalies to look for within an 
experiment related to miracles. 

An example of such an anomaly could have happened when Jesus walked on water in John 6:19. 
Physically, either the surface tension of the water would have had to increase exactly where Jesus was 
stepping, or Jesus’ mass or density changed before he stepped out onto the waters. Various other 
possibilities exist as to how exactly something like that could have happened, but the fact of the matter is 
that a miracle is called supernatural because it does not obey the known laws of nature. I would argue 
that, if the Biblical miracles were actually naturally explainable, the experimentalist would be able to 
collect data that could be explained by natural laws. However, if the collected data could not be explained 
by natural laws, then a Christian would conclude the event was indeed miraculous. The conclusion would 
be that God can work beyond the physical realm and that He does not need to obey the laws of physics 
that we are all familiar with. 

These analyses have given me a new insight into God’s methods and His creativity. They have also 
helped me to have a greater respect for the miracles that are recorded throughout Scripture. They are no 
longer events that I see as stories to teach children of how great God is, or merely as examples of God’s 
power. I see them as real scenarios that have no explanation beyond that God is working in the world and 
that He can act far beyond comprehension. As I read Scripture or teach a Bible study class, whenever I 
come across a miracle, I now see an opportunity to explain just how great God really is. It is no longer 
something that is just attributed to God’s power, but something that teaches us to glorify God as the 
creator of the laws that govern us but do not restrict Him. Scripture presents many miracles that, at least 
as an engineering student, I find quite fun to analyze on my own time. The floating axe head, the 
wetness/dryness of Gideon’s fleece, the parting of the Jordan, the retardation of the sun’s path in the sky, 
and many more can be used to glorify God today and to renew or engender respect for God’s awesome 
power. As I continue to analyze God’s miracles, much the same begins to happen in my life. 

Conclusions 

Because of their extensive training in science and engineering, engineers are in a unique position to 
analyze Biblical miracles, compared to theologians. As an example, another miracle analyzed by the 
students but not included here was the fiery furnace. Two aspects of that miracle which are not discussed 
by theologians are that there would not have been enough oxygen for the three Hebrews to breath and the 
atmosphere inside the furnace would likely have been toxic as well [28]. The fiery furnace was even more 
miraculous than it is generally given credit. This type of analysis can add further depth to the theological 
analysis of Biblical miracles, which further magnifies God’s sovereignty and glorifies Him. 

Applying engineering principles to making hypothetical experimental measurements related to Biblical 
miracles is a useful exercise that can enhance students’ abilities to design experiments and also increase 
their faith in God. Not all miracles are appropriate for this exercise, as some, for example, are more 
medically-oriented such as Jesus’ healing miracles. While this technique should only be a small fraction 
of the assignments in such a course which should concern mostly modern day problems, it can be a 
particularly interesting assignment for Christian engineering students. It gives them an opportunity to 
apply their knowledge of both engineering and the Bible in a unique, creative, and instructive manner. 
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Abstract 
As part of an initiative by the new Center for Faith and Learning at Oral Roberts University, an 

introductory college-level physics course for scientists and engineers is being reconfigured to facilitate 
the integration of physics and Christian faith. Regular readings from a popular book, Einstein and 
Religion, by Max Jammer, on the compatibility between physics and Christian doctrine are assigned. 
Questions based on the readings are posed and a small fraction of class time (10%) is reserved for 
discussion of these issues. The students also submit book reports summarizing their perspectives at the 
end of the course. A detailed rubric is developed to guide the process of faith and learning integration. Pre 
and post-course assessment surveys are administered in an attempt to quantify the extent of faith and 
learning integration. Results are presented and the success of this faith and learning integration project is 
discussed. 

The objective is to equip students to serve others spiritually, through wisdom and knowledge of 
the relationship between physics and Christianity, while not compromising or diminishing their ability to 
serve others materially, through in-depth understanding and skill in science and engineering. It is believed 
that the time devoted to the integration of faith and physics is well-spent, in that it serves to motivate the 
students to achieve their God-given calling to be a well-informed Christian who is also an excellent 
scientist or engineer. Students recognize the need to articulate this kind of science/faith integration in 
society, among both believers and unbelievers. They see this as an important aspect of their stewardship 
of vital resources, creativity, and information that God has provided for the benefit of mankind. As such, 
they are enthused and excited to positively respond to God’s invitation to partner with him in 
accomplishing his purposes on the earth, both materially and spiritually. 

Introduction to Faith and Learning 

  How does God relate to academics?  More specifically, how does God relate to physics and 
engineering?  College students today are hungry for relevance and the application of learning to real-life 
[1],[2] and, therefore, are not easily satisfied with doctrinal answers that are not clearly aligned to real-life 
situations.  Because of students’ hunger for relevance, Faith and Learning Integration (FLI) is pertinent 
to Christian higher education [3]-[7] in assisting students to practice Christ-likeness in their future life and 
professions [8]. At all age levels, effective teaching should help students make the connections between 
academics and real-world problems [9]. Likewise, the Christian professor must help students understand 
that there should be no compartmentalization of faith separate from academic and professional beliefs and 
practice [10].  

  FLI is defined as “a scholarly project whose goal is to ascertain and to develop integral 
relationships which exist between Christian faith and human knowledge . . . in the various academic 
disciplines” [11]. For the sake of this study, faith and learning integration is the intentional consistent 
presentation of the relationship between biblical reasoning and academic research. In the areas of 
physics and engineering, FLI is concerned about the intentional and consistent presentation of the 
relationship between biblical principles and academic research in physics, primarily for students majoring 
in engineering.  Students might wonder, “How, if at all, does the Bible apply to the study of physics, in a 
way that prepares me to be a better engineer?”  The goal of FLI in physics and engineering will not limit 
itself to what students know, but also to what they believe to be true, and with what they do with their 
knowledge and beliefs (“What constitutes appropriate stewardship of natural resources?”). 
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The plethora of research regarding faith and learning integration in Christian education confirms 
the importance of FLI to Christians during the past half-century [12]-[20]. While there are multiple 
approaches to FLI integration,   

Those involved in Christian higher education must be intentional about integrating faith and  

learning in every discipline. . . .  The goal is to enable men and women to be prepared for their 
chosen vocation in such a way that they can be salt and light in the marketplace. The goal of these 
programs is to help students become servant leaders and change agents in our world [21]. 

Likewise, the objective of this paper and the research supporting it is to equip students to help others by 
applying Christian faith to the study of physics and engineering.  

Faith and Learning in Science and Engineering 
According to David Claerbaut (2004), “The challenge for the Christian in the physical sciences is 

this: to seek and find God’s wisdom and truth in nature, and to impart it to others” [22]. For the Christian 
student in science or engineering, this includes developing an understanding of how their newly acquired 
technical knowledge, and God-given talents for discovery and problem solving, can assist others in 
forming a deeper knowledge of, and relationship with, God. Mark Bolyard writes that, as a mentor and 
instructor of Christian college students in the sciences, his role is to lead students to first become 
“question askers,” and then “question answerers.” He continues, “I also try to ask questions that will force 
students to examine the information that I present from a Christian context” [23]. Bolyard emphasizes the 
importance of examining philosophical assumptions and implications: 

When, however, we ask what difference being a Christian “should” make in the practice of science, a 
Christian should be open to the real possibility that the paradigms within which science operates, 
within his or her own specialty, might be rooted in assumptions that are contrary to the Christian 
understanding of the world. So, while Christians should be scientific practitioners, they should also 
be philosophers of science [24]. 

As an example, one obvious question that comes up is the adequacy of methodological naturalism as an 
overarching scheme for practicing science and interpreting scientific discoveries. Recent work by the 
author argues that reverse engineering projects in systems biology may be enhanced by metaphysical 
considerations [25]. This is particularly important when considering possible explanations for apparent 
genomic malfunctioning that causes considerable suffering and death. Alvin Plantinga (2011) provides 
the following insight, “What we need here, of course, is not natural science, but a broader inquiry that can 
include all that we know, including truths that God has created life on earth and could have done it in 
many different ways” [26]. This might also include the possibility that God would allow his creatures to 
experience corruption and damage, in order for some future greater good to be realized. 

 Philosophical assumptions and implications also arise in physics. Jeanette Russ points out the 
connection between time dilation in Einstein’s theory of relativity and “the biblical description of God as 
light with the knowledge that he exists outside of time” [27]. Although we should be careful not to take 
this biblical metaphor out of context, it is widely recognized in science and religion studies that Einstein’s 
work has interesting implications for theology. Russ also indicates that several early scientists, such as 
Galileo, Pascal, and Newton not only recognized the philosophical implications of their work, but also 
recognized the practical implications, and practiced engineering by applying their discoveries to solve 
problems and create new devices. Stephen Hawking, in his book A Brief History of Time (1988), 
discusses the philosophical implications of the initial conditions of the universe in very frank terms, 

This means that the initial state of the universe must have been very carefully chosen indeed if the 
hot big bang model was correct right back to the beginning of time. It would be very difficult to 
explain why the universe should have begun in just this way, except as the act of a God who 
intended to create beings like us [28]. 
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This general recognition of the pervasive fine-tuning (the author prefers the term engineering) of the 
universe for life is probably the most interesting finding of twentieth century science, when it comes to 
philosophical implications regarding humanity’s place in the universe. Recent data from the Planck space 
telescope continue to confirm this picture of an engineered universe [29], with further details regarding 
the minute fluctuations in the cosmic microwave background radiation. “The fluctuations can be thought 
of as seeds for all the [life-supporting] structure that later developed in the cosmos – all the stars and 
galaxies” [30]. This concept of “seeds” and intermediate states of matter that preceded the formation of 
our solar system has been found helpful for students’ in evaluating the various proposed creation 
scenarios. Of course, the integration of faith and learning in engineering involves more than just exploring 
the connections between physics and theology. It also involves the idea that humans are made in God’s 
image, but have fallen into sin, and are in need of redemption, as well as ethics, and stewardship in design 
and engineering. However, this project focuses on the integration of physics and Christian faith in first-
year engineering students. 

 The most applicable reference for this work was found to be Sean Cordry’s article (2007) on a 
pedagogical approach to integrating science/faith/origins (SFO) into college-level introductory physics 
courses at a Christian college. This article appeared in the December, 2007 issue of the Journal of the 
American Scientific Affiliation, Perspectives on Science and Christian Faith [31]. It details his 
experiences in teaching both stand-alone SFO courses, and (more pertinent to this paper) courses such as 
introductory physics, where SFO concepts are integrated into the standard academic material. Cordry 
discusses three approaches to achieve this integration: (1) readings from auxiliary texts, (2) student 
“journaling,” and (3) presenting limited topical lectures. Although he found the third approach to be the 
most effective, the author has chosen to implement a loose combination of all three approaches in 
attempting a similar integration in a first-year (one-semester) physics course for engineering majors at 
Oral Roberts University (ORU). Cordry chose to “sprinkle” six short introductory topical SFO lectures 
throughout his (two-semester) physics course on the following subjects (and goals): 

1. Erroneous Explanations of Nature in the Bible (Biblical explanations of nature reflect the 
worldview of the time.) 

2. Formless and Void (The first creation narrative in Genesis provides an ancient taxonomic 
description of nature.) 

3. Chaos and Parameter Sensitivity (Small changes in initial conditions can lead to big differences 
down the road.) 

4. Anthropic Coincidences (The universe appears to be fine-tuned or engineered specifically for 
life.) 

5. Infinite Unobservables (We must choose between a single infinite unobservable, or an infinite 
number of unobservables.) 

6. Layer by Layer; Decay by Decay (The physical evidence for an old earth is significant and 
robust.) 

This was quickly recognized to be too much material to try to cover in a one-semester physics course. It 
also seemed to stray considerably from the topic of physics. It was decided that this extra material should 
be reduced by about half, focusing mainly on fine-tuning, reverse engineering of natural systems, and 
cosmology, and to stick closer to the connections between physics and theology, as will be described in 
the next section. 

Einstein and Religion: Exploring Connections between Physics and Theology 
In an effort to introduce the engineering students at ORU to someone they could perhaps relate to, 

who has also wrestled with issues at the interface science and faith, they were required to read Einstein 
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and Religion: Physics and Theology by Max Jammer [32]. This was in addition to the regular required 
readings and problem assignments from their physics textbook [33]. However, Jammer’s book is only 265 
pages long, which amounts to about 20 (small – only about 250 words/page) pages per week. Albert 
Einstein is probably the best known and most respected scientist of the twentieth century. Virtually every 
student has heard of him and knows something of his momentous scientific work. But surprisingly few 
seem to be aware of the philosophical implications or his work, or the fact that he also made presentations 
and produced publications on issues in science and religion. 

Besides a brief introduction, Einstein and Religion (1999) is divided into three sections. The first 
section deals with his early years and the role of religion in his private life. This section allows the 
students to get to know him on a more personal level, and relate to events in his life that occurred at an 
age that is similar to their own. Upon learning that Einstein was raised as a Jew, but attended Catholic 
schools growing up, one student shared how he could relate to Einstein’s minority position since he was a 
Catholic attending ORU, which is mainly Protestant and charismatic. The student seemed to find this fact 
somewhat comforting. The second section discusses Einstein’s philosophy of religion, which many 
students find challenging, and even troubling. Einstein recognized a higher power behind the order, 
beauty, and mathematical elegance of nature. But, apparently he could not accept the idea of a personal 
God who is involved in the everyday lives of human beings. Even so, the students picked up on several 
inconsistencies on this issue, where Einstein is quoted as referring to God in personal language. Students 
are challenged to come to terms with the religious views of an obviously extremely intelligent person who 
has come to conclusions about God that are probably very different from their own. The third section 
explores the connections between Einstein’s scientific work and theology. Although this section gets into 
areas of physics that many first-year engineering students have not had (such as relativity, quantum 
mechanics, and big bang cosmology), Jammer usually brings the concepts down to their level and entices 
them into future study in these areas. 

As mentioned earlier, this auxiliary reading is combined with writing assignments and small but 
regular portions of class time centered on the book. The students have multiple reasons to keep up with 
the daily reading assignments. The first five minutes of every class (except exam days and review-for-
exam days) is spent discussing the assigned reading from Einstein and Religion (1999). In addition, the 
students know that a small number of questions based on the material from this book are likely to appear 
on each of the four one-hour exams. Finally, they are encouraged to keep regular notes on the readings 
and discussions because toward the end of the course, they are required to submit a summary and 
response paper based on the book. In developing this paper, they are expected to anticipate a future 
discussion they might have with a professional colleague who possesses a worldview which is similar to 
that of Einstein. Along this vein, the students are asked to formulate a letter to Albert Einstein, as if he 
were still alive. 

Einstein was known for answering letters he received from young people, even on issues of 
science and faith. It is hoped that this exercise will serve to prepare students for those opportunities that 
will inevitably arise when their professional colleagues can’t help but ask them for the reason for the hope 
that they demonstrate as they joyfully and peacefully follow after Jesus Christ. Of course, the answer will 
mainly concern the importance of a relationship with Jesus, but scientists and engineers may also ask 
about how evidence from science might argue for or against such a commitment. This requires good 
stewardship of key information on the part of ORU graduates. As the Bible commands, believers should 
always be ready to give an answer (1 Peter 3:15). One of the educational objectives for the ORU 
engineering program is that graduates will demonstrate sensitivity to their Creator and be able to apply 
Christian principles of stewardship and discipline in their personal lives, being committed to professional 
and ethical standards of responsibility. This refers not only to proper stewardship of physical resources, 
but also personal resources such as time, energy, knowledge and wisdom. It is believed that the 
assignments and class time spent on science and faith issues are worth it, since the students are forming 
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connections that they will be able to share in the future with people who may be in need of such 
information. 

Results 
This approach to faith and learning integration is based on a rubric which can be found in the 

appendix. This rubric was developed by Calvin Roso, Marcia Livingston, and Evalynne Lindberg of the 
ORU College of Education in January of 2013 (unpublished). The goal in this course is at least a 
consistent (level three) application of faith and learning integration practices as detailed by the rubric. The 
“Life of Educator” category of the rubric exhibits level four compliance in this case since the educator 
(primary author) has been researching, publishing, and implementing faith and learning integration for the 
last several years. He proposed and currently heads up the new ORU Center for Faith and Learning. He 
recently completed a Master of Arts in Biblical Literature at ORU. This education, combined with a PhD 
in Mechanical Engineering has equipped him to facilitate the integration of science and engineering with 
theology and biblical studies. In addition, as per the rubric, his personal belief system, life choices, and 
moral character reflect this commitment.  

The “Scholarship” category of the rubric also exhibits level four compliance in this case. The 
educator has authored or co-authored 25 publications in the last 7 years in the area of science and faith 
integration, and especially the role of the field of engineering for such integration. He mentors students 
and faculty in this area, holding weekly research meetings to guide interested students. He also volunteers 
his time to educate laypeople on these topics by regularly teaching evening courses on science and faith at 
Believers Church in Tulsa, OK. As per the rubric, his publications identify foundational biblical 
principles and integrate those principles within science and engineering. They also discuss biblical 
criticism and apply biblical values to science and engineering. In addition, they help to defend a Christian 
worldview against those who would attempt to promote an incompatibility between science and 
Christianity. This work will be expanded over the next three years during the implementation of a major 
grant from the BioLogos Foundation to help the local Christian community reconcile their Christian faith 
with the well-established findings of mainstream science. 

The “Instructional Planning” category of the rubric, as applied to the aforementioned physics 
course exhibits level three compliance in this case. Foundational biblical principles are identified and 
integrated into physics and engineering. Current Christian thinking in science and faith is discussed and 
critiqued. And, the integration of science and faith is related to professions in science and engineering, 
with particular regard for how ORU graduates might serve the needy in these areas, both materially and 
spiritually. 

Regarding the “Instructional Delivery & Classroom Management” category of the rubric, a level 
three compliance is established. Daily class discussions promote a student-centered learning environment 
where a biblical foundation for physics and engineering is presented. The relevancy of Christianity and 
the Bible to learning physics and engineering is established. Biblical illustrations and examples are 
developed in comparing and contrasting issues in physics and engineering from a biblical perspective. 
Biblical morality and ethics in physics and engineering are promoted as important aspects of service to 
others in these fields. 

The “Student Assessment” category of the rubric also exhibits level three compliance. The survey 
used as the assessment instrument is included in the appendix. It consists of six statements regarding the 
students’ level of knowledge and understanding of the connections between physics and Christian faith. 
Students responded using a 1 to 5 Likert Scale, with 1 representing “strongly disagree” and 5 representing 
“strongly agree.” Two additional questions allow students to provide written details on any of the six 
statements and offer suggestions for improving the integration of physics and faith. A retroactively 
administered pre-test using this instrument established initial levels of understanding. A post-test 
administered on the last day of class, using the same instrument, established final levels of understandings 
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which had, on average, increased significantly in all six areas. The following table illustrates these 
increases in understanding: 

 

Topic    Avg. Pre-test score Avg. Post-test score % Increase 

How Christianity relates to physics 3.3   4.3   30 

Relevancy of Christianity to physics 2.8   4.3   54 

Use of biblical illustrations in physics 2.8   3.8   36 

Present biblical truths to address issues  3.2   4.0   25 

Biblical morality & ethics in physics 3.2   4.5   41 

Serving others in physics  3.7   4.6   24 

 

Correct (over 50 %) exam responses to questions related to Einstein and Religion reading 
assignments confirm the increases in understanding reported by the assessment instrument. Students’ 
summary and response papers collected and graded near the end of the semester also demonstrated 
evidence of increased understanding. The vast majority of written responses on the assessment instrument 
were positive. However, two (out of a total of 31) respondents wrote that we used too much class time to 
discuss the integration of physics and faith. Two others wrote that they would want to take an entire class 
on this topic. Overall, the summary and response papers by the students were very good, especially the 
part where they addressed Einstein personally. Many of them picked up on the inconsistencies present in 
some of his theological statements. Here is one excerpt that was particularly insightful:  

If I had the chance to speak to Einstein or someone with similar worldviews, I would focus on 
speaking about Jesus. Einstein had great respect for Jesus, and recognized that He was an 
amazing figure in history. However, he was unable to come to the full revelation of God, as he 
does not submit to the Lordship of Jesus. Scripture in the Bible tells us of Jesus saying, “I am the 
way and the truth and the life. No one comes to the Father except through me” (NIV John 
14:6)…In conclusion, I would help Einstein come to a better understanding of Christ so that he 
can accept Christ’s Lordship over his life. 

Conclusions 
 Guided by the existing research in faith and learning integration, a module was developed and 
implemented to assist undergraduate students in exploring connections between physics and Christian 
faith. The core of the module consisted of auxiliary reading assignments from Einstein and Religion, with 
regular in-class discussions, exam questions, and a summary and response paper. A rubric for faith and 
learning integration was applied to assess the effectiveness of this module. Results suggest that a modest 
level of faith and learning integration has been achieved in a first-year physics course for science and 
engineering students. 
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Appendix 

 

FLI Assessment Rubric 

 

 Level One 

Orientation 

Level Two 

Inconsistent 

Level Three 

Consistent 

Level Four 

Refinement 

Li
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Interest in FLI 
is evident in 
initial 
application to 
one life area. 

Growth in FLI 
is evident in 
two or more 
life areas. 

Commitment to FLI is evident in consistency in three 
or more of the following life areas: personal belief 
system, life choices, moral character, knowledge about 
biblical principles and active service to others in the 
profession and the community. 

Passion for FLI is 
evident in reflections 
and accountability 
within four or more life 
areas. 

Sc
ho

la
rs

hi
p 

Scholarly 
articles and 
presentations 
consider one 
method to 
promote FLI. 

Scholarly 
articles and 
presentations 
attempt to 
promote FLI 
using one or 
two methods. 

Scholarship is anchored in FLI. Articles and 
presentations consistently promote FLI by using three 
or more of the following methods:  

• identifying foundational biblical principles and 
integrating those principles within scholarship 

• modeling biblical criticism within the academics 
• applying biblical values to related professions 

Scholarship consistently 
promotes FLI by using 
four or more methods. 
The educator submits, 
publishes, and/or 
presents FLI scholarly 
research on a bi-yearly 
basis and/or mentors 
others in FLI. 

In
st

ru
ct

io
na

l p
la

nn
in
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Instructional 
planning 
considers one 
method to 
promote FLI. 

Instructional 
planning 
attempts to 
promote FLI 
using one or 
two methods. 

Instructional planning promotes FLI by integrating 
research-based methods of FLI as evidenced in course 
goals and objectives using three or more of the 
following: 

• identifying foundational biblical principles and 
integrating those principles within the academic area 

• critiquing Christian research regarding the subject 
area 

• connecting FLI to related professions 
• connecting FLI to serving others 

Instructional planning 
includes an annual 
reflection of FLI and 
records evidence of 
revisions made to 
improve the 
effectiveness of FLI. 
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Instruction 
considers one 
method to 
promote FLI. 

Instruction 
attempts to 
promote FLI 
using one or 
two methods. 

Through a student-centered learning environment, 
instruction presents the biblical foundation of the 
academic subject area and three or more of the 
methods:  

• arguing the relevancy of Christianity and the Bible to 
learning 

• using biblical illustrations and examples 
• comparing or contrasting academic issues from a 

biblical perspective 
• presenting biblical truths both implicitly and 

explicitly 
• using biblical principles to address current issues 

within academic subject  
• promoting biblical morality or ethics in the related 

profession 
• promoting service to others through the related 

profession 

Instructional delivery 
includes multiple (four 
or more) opportunities 
for students to practice 
FLI within the content 
area through group 
projects, discussion, 
research, and/or 
reflective essays. 
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Assessments 
consider one 
area of FLI. 

Assessments 
include two or 
more areas of 
FLI. 

Course pre- and post-assessments identify an 
improvement in students’ knowledge and 
understanding of how biblical worldview, biblical 
morality, and/or the promotion of service to others 
apply to the subject area and/or related profession. 

 

Assessments require 
students to identify an 
area of need that FLI 
can meet within their 
profession. 

Rubric developed by Calvin Roso, Marcia Livingston, and Evalynne Lindberg (January 2013, unpublished). 
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Assessment of Dr. Halsmer’s PHY 111 Class (Integration of Faith and Physics) 

Oral Roberts University, April 2013 

Please circle the number that best describes your reaction to each statement. 

1. I have knowledge and understanding of how Christianity & a biblical worldview relates to physics. 

Strongly Disagree      Disagree        Neutral         Agree           Strongly Agree 

1   2   3   4   5 

 

2. I understand the relevancy of Christianity and the Bible to learning physics, and vice versa. 

Strongly Disagree      Disagree        Neutral         Agree           Strongly Agree 

1   2   3   4   5 

 

3. I can use biblical illustrations and examples to shed light on academic issues in physics. 

Strongly Disagree      Disagree        Neutral         Agree           Strongly Agree 

1   2   3   4   5 

 

4. I can present biblical truths and principles to address current issues in physics. 

Strongly Disagree      Disagree        Neutral         Agree           Strongly Agree 

1   2   3   4   5 

 

5. I understand how biblical morality and ethics are important in the study and practice of physics. 

Strongly Disagree      Disagree        Neutral         Agree           Strongly Agree 

1   2   3   4   5 

 

6. I understand how knowledge of physics is important for serving others, both materially & spiritually. 

Strongly Disagree      Disagree        Neutral         Agree           Strongly Agree 

1   2   3   4   5 

 

Please provide further details on any of the above statements: 

 

What suggestions would you give for improving faith and physics integration? 
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Using Design Hierarchy in Digital Logic to Illustrate  
the Scientific Method as a Human Invention  

Douglas F. De Boer, Dordt College 
Abstract 
What level of authority should be given to “science?”  For example, in a 2008 presidential debate, 
candidate John McCain said that, “[public] policy ought to be based upon sound science.” [1]  Others 
might say they “believe in global warming” or “evolution,” or some other topic of current interest.  
However Christians believe that science is a human invention, thus subject to our sinful nature and thus 
not necessarily “sound,” yet expressive of our God-given call to creatively care for the creation.   

The universe is holistic.  It does not obey or respond to science (or mathematics, or philosophy, or 
theology for some other examples), no matter that we humans cannot seem to perceive the complexity of 
the universe apart from some employment of scientific theories.  The relationship is the other way around.  
Science (and mathematics, philosophy, etc.) is a human response to the universe.  Christians go further 
and say science (etc.) is a response to God and His creation, the universe.  The universe always offers 
unpredictable aspects not explained by human understanding.   

Digital circuits are also holistic.  When constructed and actually used they might exhibit unpredicted 
behaviors.  The unpredicted behaviors make it evident that for some reason the theories, including 
scientific theories, applied during the design phase apparently did not fully explain or predict everything 
necessary.  There are many reasons rooted in our humanity why this might happen even if known theories 
might have been able to explain the unpredicted behaviors.  Understanding of the scientific method as a 
human invention in response to God’s creation gives insight to why unpredicted behaviors occur, and 
more importantly, is essential to relating one’s science to one’s faith.   

Digital design is an engineering subject in which it is remarkably easy to illustrate the human basis of the 
scientific method because applied science is one aspect of engineering.  The hierarchical structure of the 
subject (digital logic) naturally lends itself to an illustration of how the science of digital logic is humanly 
constructed and therefore finite and tainted by sin at best.  Some specific aspects of the scientific method 
that can be elaborated in the context of digital design are the hierarchical nature of the scientific method, 
the axiomatic foundation of these hierarchies, the limited scope of scientific theories and an important 
utilitarian goal of the scientific method, essentially to predict the future if given enough of the right 
information about the past and present.  There are other goals that may be sought via application of the 
scientific method.  The scientific method might inspire one to worship (or not).  The scope of this paper, 
to illustrate that the scientific method is a human invention, does not allow a complete discussion of all 
the interesting goals of the scientific method, but this paper does undermine the popularly cited goal of 
using science to free ourselves of personal or cultural bias [2] while the paper also affirms a positive role 
for science.   

Introduction 
What level of authority should be given to “science?”  For example, in a 2008 presidential debate, 
candidate John McCain said that, “[public] policy ought to be based upon sound science.” [1]  Others 
might say they “believe in global warming” or “evolution,” or some other topic of current interest.  For 
the purposes of this paper science is taken as a body of knowledge acquired from the outworking of the 
scientific method.  The scientific method is defined as the process of systematic observation, 
measurement, experimentation, and the formulation, testing and modification of hypotheses [3].  These 
definitions can be reasonably construed to be the type of science and scientific method that John McCain 
meant, and what others who “believe in global warming” or “evolution” or some other topic mean.   
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The Human Activity of Doing Science and Engineering 
Science, as defined above, is a product of human thought and activity.  For Christians, the cultural 
mandate to rule over creation (Genesis 1:28) offers a definition of our human purpose, thus offering 
direction to our thoughts and activities.  The relation of the cultural mandate to engineering is full of 
complex tensions and ambiguities that make engineering work challenging and rewarding [4].  In our 
response to the cultural mandate we might, at times, employ the scientific method.  However although 
Christians believe that all of our thoughts and activities ought to be expressive of our devotion to God’s 
mandates, they are tainted on account of our sinful and fallible nature.  The Bible informs us that our 
thoughts and activities are imperfect.  Nevertheless, knowledge offered by science is valuable in its 
application to everyday life.  It is valuable because it offers a degree of prediction of the future or allows 
us a degree of control over the future or a degree of mitigation of some potential harm in the future.  A 
very important aspect of science is its potential application to utilitarian purposes, which is an aspect of 
engineering.   

Consider in more detail how science and engineering relate to each other.  A dictionary definition of 
engineering defines it as a “branch of science” concerned with the development and modification of 
“engines” (in various senses meaning machines, structures, complicated systems, etc.) using specialized 
knowledge, especially scientific knowledge, typically for public or commercial use [5].  In this commonly 
held view of engineering development and modification, which are human activities, are at the true core of 
the definition, however the concept of an “engine” is a more memorable part of the definition.  In other 
words, to the extent that the common definitions relate engineering to activities, they tend to highlight the 
application of science (as defined above) as the most important engineering activity, if not the only 
activity!  Furthermore, typical dictionary definitions of engineering tend to draw emphasis to the products 
and purposes of engineering rather than to the type of human activities that constitute engineering.  It is 
perhaps no wonder that some people in the general public have vague notions of why one might want to 
be an engineer.  Perhaps some of our students, who may enjoy studying science, have elected to study 
engineering as an “applied science.”  Others might be enamored of “engines” (or more typically cars, big 
buildings, computers, smart phones, robots, artificial prostheses, etc.) and thus choose to study 
engineering.  These are some of the people who could benefit from a more nuanced understanding of 
science and engineering  

Indeed science is an important aspect of engineering, but is it in some way a final authority?  It cannot be 
because engineering is substantially different from scientific activity.  Although engineers occasionally do 
some science, and more frequently they “apply science,” it would be inaccurate to characterize all of 
engineering by that sliver of the whole.  Engineering has a goal of creating certain types of technological 
things, not only “engines,” whereas science has the goal of discovering knowledge.  In addition to 
scientific knowledge, engineers use mathematical knowledge, knowledge of legal or quasi-legal structures 
such as various codes (e.g. The International Building Code), they respond to marketplace information 
(demand for a new product, warrantee service records, prices of raw materials, etc.), and in general, they 
employ a wide variety of types of knowledge.  The outcome of engineering work is also broader than the 
common understanding of “engine” would imply.  Engineers participate in government and politics as 
part of their engineering employment by developing regulations for some types of commerce, for example 
in patent law, and in standardizing weights and measures, and regulating communications technologies 
such as cable TV, telephone networks, and many other technical services.  They perform significant 
activities not directly related to building and modifying “engines” in the broad sense of the word and not 
centrally rooted in the application of science, even if in most cases science is not far from the center of the 
activity.   

A text edited by Monsma [6] offers a more complete definition of engineering.  It cites five key elements 
of engineering.  First, it is a human cultural activity.  Second, the activity is done by exercising freedom 
and responsibility in (obedient or disobedient) response to God’s cultural mandate.  Third, it involves the 
forming and reforming of the natural creation.  Fourth, it is done with the aid of tools and procedures.  
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And fifth, it is done for practical purposes.  Non-Christians may prefer to modify or eliminate the second 
aspect of this definition, however this is a key element for Christians.  Not only is engineering an activity 
done in response to God’s mandate, the same can be said for science or indeed, many other human 
activities.  Recognizing science and engineering as being rooted in human actives, which may or may not 
be obedient to God’s will, is the key element of this definition of engineering that offers an engineer 
direction toward  meaningful engineering work.   

It is in responding to God that we human beings find fulfillment and true joy in life.  An engineering 
student who is not aware of this more nuanced definition of engineering could focus on the “engines”— 
the outcomes of engineering, or focus on only the scientific aspects of engineering—and then later 
become disillusioned with the discipline of engineering on the grounds that engineering, being merely the 
application of science for utilitarian purposes, offers little enrichment for one’s spirit.  It is important that 
students and faculty members in engineering realize the human origins of science (and engineering) so 
that they knowingly can participate in freedom and responsibility as a response to the cultural mandate, 
from which joy and fulfillment follow.   

Teaching Digital Logic  
When teaching the subject of digital logic, the hierarchical nature of the subject offers prime opportunities 
to instruct students in these fundamental definitions.  By discussing the role of hierarchy one can draw 
attention to the human activity that originated the body of knowledge used in the design process, and the 
human activity that originated the actual design of a typically complicated digital system.  A key concept 
that needs to be communicated to students is that science, as a body of knowledge, is a result of human 
activity, done in obedience or disobedience to God’s will.  This will be illustrated by way of example.   

Scientific Abstraction Exemplified  
Imagine the lawn of a small neighborhood public park.  The park supervisor says, “The lawn needs 
mowing.”  If we take this as being either totally true or totally false, then we are treating the statement as 
a Boolean statement.  A Boolean statement is a declarative statement that is considered totally true or 
totally false regardless of any realistic complexities.  We can speak of the truth-value of the Boolean 
statement.  The truth-value is either true or false, no shades of grey.   

But what if part of the lawn is shady and long and another part is rather sunburned and should not be 
mowed?  If one must work with a single Boolean statement, then pick the best fit, either true or false, and 
act accordingly.  Otherwise, divide the park into zones, maybe two of them or maybe a million of them, 
and create a Boolean statement for each zone.  Then perhaps a computerized lawnmower could mow just 
the zones where the corresponding Boolean statement is true.  By using more Boolean variables (zones) 
more of the complexities of a real situation can be accommodated to produce more useful outcomes, 
probably at increased cost.  But even if managing a million zones in the park was practical, that still does 
not encompass all the reality of the park’s lawn.  As a matter of utility and economy we will use as few 
zones as is practical.  We will deliberately omit some or maybe a lot of detail from consideration.  This 
illustrates the principle of scientific abstraction.  We are finite beings.  We need to focus our attention, 
which means we must neglect some (hopefully irrelevant) details.  That which we include in our 
consideration and that which we omit from consideration are human choices.  In making the choices 
about what to include or neglect (choosing the number of zones in this example) each person advocating a 
choice is driven by many factors.  One person might place high value on the aesthetics of the lawn, 
another on the economics of managing the lawn, and still another on the environmental impact of the 
lawn on the larger surrounding ecosystem, and yet another on some other factor(s).  It is a scientific 
choice only in the sense that this is part of the scientific method of observation and revision of 
hypotheses.  Science itself is not foundational in making these choices.   
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Scientific abstraction then is the human process of identifying patterns in real situations by paying 
attention to only a small but relevant portion of the available detail.  What we consider relevant is not, and 
cannot be, foundationally informed by science; otherwise we have a circular definition.  Abstraction is a 
type of simplification.   

The scientific method then, which was defined in the Introduction as the process of systematic 
observation, measurement, experimentation, and the formulation, testing and modification of hypotheses, 
is importantly a process of abstraction—of simplification.  Science is merely a process of testing and 
modifying (improving) hypotheses which ultimately represents a simplification of a complex situation.  
Even in choosing and improving the hypotheses, we are exercising our values, which is not 
foundationally a scientific task.  The scientific method, applied for utilitarian purposes, is one of many 
aspects of engineering.  (One can point out here that the scientific method is not a process of proving 
hypotheses.  Although a hypothesis can be proven false, it cannot be proven true!) 

Hierarchy in Digital Logic  
The development of a system to detect when the lawn in the park needs mowing might be said to result in 
a piece of hardware called a “mowing scheduler” to give it a name.  Logic gates which act in accordance 
with Boolean algebraic mathematical theory, can be used to build the “mowing scheduler.”  Some logic 
gates that might be employed are called AND gates, OR gates, NOT gates, and so forth.  Each of these 
will be defined and discussed in a first course on digital logic.   

Suppose it is decided that “the lawn needs mowing now” is true only when the lawn is at least four inches 
tall, and when the lawn is dry, and when it is not nighttime.  (Maybe the noise of the mower would bother 
neighbors at night!)  Then a logical circuit could be devised.  A design for the “mowing scheduler” is 
shown in Figure 1.  This type of simplistic exercise might be assigned early in a digital logic course.   

 
 M = 1 if the lawn is four inches long or longer 

D = 1 if the lawn is dry 
N = 1 if it is nighttime 
X = 1 if “the lawn needs mowing now”  

Figure 1.  A logic circuit, the heart of the “mowing scheduler.” 

A simple assignment such as this now affords the opportunity to discuss scientific abstraction and 
hierarchy.  Three levels of hierarchy are easily apparent at this early point in a digital logic course.  The 
concept of the “mowing scheduler” in terms of its inputs, outputs, and desired behavior is itself a level of 
hierarchy.  The person using the “mowing scheduler will not need to know about how the gates work.  
The concept of the mowing scheduler as a set of interconnected logic gates, (the symbols labeled “04” 
and “11” in Figure 1) are a second level of hierarchy.  The gates are made of interconnected transistors, 
which are a third level of hierarchy.  The engineer designing the “mowing scheduler” and arranging the 
gates into the circuit does not need to understand the transistors or design the circuit at the transistor level.  
Observe that one could draw the entire circuit at the transistor level (making no mention of “gates”), since 
after all, it is just an interconnection of transistors (and possibly a few other parts, also included in the 
“gates”).  This type of hierarchical design is an outworking of the principle of scientific abstraction.  To 
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say that the “mowing scheduler” is made up of “logic gates” is a completely human conception.  One 
could just as well say the “mowing scheduler” is made up of various types of molecules in an orderly 
arrangement although that description would serve a different purpose.   

 
Figure 2, Example of a Hierarchy 

Those who teach digital logic courses will recognize levels in the hierarchy illustrated in Figure 2 such as 
gates, full adders, arithmetic logic units and CPUs as possibly being included in their course.  These 
courses typically explicitly include topics at several layers of hierarchy that are all studied in considerable 
detail, meaning both the internals (why it works, how to design it) and the externals (what you can do 
with it and how to use it) are included in the course.    

A theory of hierarchies is probably a topic for a paper in itself.  For the purposes of this paper, especially 
as used with digital logic, consider a hierarchy to be an arrangement of humanly defined perspectives (or 
theories) with some being considered “above” and some “below” and others “at the same level,” as 
exemplified in Figure 2.  Objects can manifest themselves at many levels of hierarchy.  The highest level 
at which the object manifests without being subsumed into a larger system is called the root level of 
hierarchy for that physical entity.  For example, a gate could be said to be made of transistors, which are 
made from silicon wafers, which are made from molecules, etcetera.  In the conception of the physical 
object of a gate, the “gate level of hierarchy” is the root level.   

Digital logic courses usually start with a presentation of gates at the gate level of hierarchy.  “Gates” are 
presented to students in terms of black boxes that behave in certain prescribed ways to correspond with 
the rules of Boolean algebra.  Usually the internal details (at the transistor level) of gates are not very 
much discussed, leaving this topic for a different course, which in some cases a student might legitimately 
never study.  Thus, hierarchy is a means by which we deal with complexity.   

Once the behavior of gates has been presented (and hopefully learned!) then the course usually proceeds 
to discuss how useful things might be built from gates.  These useful things cannot themselves be 
internally understood or designed without reference to lower level(s) of hierarchy—to gates.  To be 
“internally understood” means to be designed (in the case of engineered objects) or to devise theories as 
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to why the objects behave as they do (in the case of non-engineered objects).  However, the objects can be 
used and externally understood without reference to lower levels of the hierarchy.  To be “externally 
understood” means to understand what may be usefully done with the perspective presented at a particular 
level of hierarchy, or how to predict behavior at that level of hierarchy.   

As an example of internal and external understanding at a level of hierarchy in the context of a digital 
logic course, consider a circuit called a full adder.  For readers not familiar with a full adder, it is a logical 
circuit that performs addition of two (binary) digits.  The inputs to a full adder are each of the two digits 
to be added, symbolized by A and B and also a third input to accommodate the possibility of a carry from 
the addition of the next lessor significant digit, Cin.  The outputs are the sum, S, and also another output, 
Cout to accommodate the possibility of a carry (out) from the addition.   

   
 (a) (b) 

Figure 3.  Two illustrations of a full adder. [7] 

Two illustrations of a full adder are shown in Figure 3.  Each symbolic illustration represents the same 
physical entity but at different levels of hierarchy and for different purposes.  Figure 3a shows the inputs 
and outputs of the full adder, giving emphasis to how to connect the full adder into a larger circuit.  
Figure 3a is useful in the sense of “how to use” a full adder.  At this level of hierarchy it illustrates our 
humanly devised external understanding of how a full adder behaves.  One cannot understand why it 
works by making reference to only Figure 3a.  This could be labeled as the “full adder” level of 
hierarchical understanding of this physical entity.  The entity is also called a full adder.  This is the root 
level of this entity.   

Figure 3b shows how to build a full adder by connecting various gates together.  To those who possess an 
external understanding of gates (how they behave), it explains how and why the full adder works.  The 
figure is only useful if one has an external understanding of gates or wants to build a full adder from 
gates, thus it gets designated as the “gate” level (of hierarchy) perspective of a full adder.   

Textbooks in the field of digital logic go to some length to describe hierarchies in digital logic.  Hardware 
design languages explicitly define syntax with which to encode hierarchies.  These structures which are a 
normal part of a course on digital logic should then be examined philosophically to point out that each 
level of hierarchy is a humanly created concept, a scientific abstraction.  The authority with which the 
standard hierarchies are presented in typical textbooks tends to foreclose our thinking of other 
possibilities, but indeed, the hierarchies we routinely use could be differently arranged and in the past 
have been differently arranged.  For one example, the concept of small-, medium-, large-, and very-large-
scale digital integrated circuits represents a type of hierarchy that has become passé and is rarely 
mentioned anymore.   

A more interesting example of how hierarchy can foreclose or open our thinking might be to consider the 
full adder circuit again.  How might a full adder be used?  Students will naturally expect to connect the 
carry output of one adder to the carry input of another in order to add numbers having several digits of 
significance.  This could be an example of foreclosure encouraged once a certain hierarchical idea is 
embraced.  Figure 4 illustrates this connection, called a ripple-carry adder.  Figure 4a  is drawn at the “4-
bit adder” level of hierarchy, the root level for this entity.  Figure 4b shows how to connect four full 
adders together to make a “4-bit adder.”  This is the “full adder” hierarchical level perspective of the 
entity known as the 4-bit adder.  Note that each of the full adders could be re-drawn at the gate level of 
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hierarchy, giving the gate level perspective of the 4-bit adder.  The process can be continued to lower and 
lower levels of hierarchy as far as desired, but the resulting complexity would in most cases cloud our 
human understanding of how a 4-bit adder works or how to design a 4-bit adder.  Usually the root level 
and one or at most two lower levels of hierarchy give the most important external and internal 
understandings of the entity.   

   
 (a) (b) 

Figure 4.  Two illustrations of a ripple-carry adder. [7] 

The 4-bit ripple-carry adder suffers from a long propagation delay because, for example, the S3 output 
will not be correctly computed until the carry going into the most significant full adder is computed, 
which cannot be done until the preceding carry is done, etc.  Correct computations of sum bits will 
happen first for the least significant bit and then “ripple” to the most significant bit.  The choice of 
hierarchy has encouraged this particular design.  This choice may have been motivated by the method of 
performing addition with pencil and paper, in which correct results also “ripple” from least to most 
significant.   

Other hierarchies are possible for understanding binary addition, and these may offer improved 
performance.  The full adder concept can be replaced with a circuit called a partial full adder (PFA).  The 
PFA has three inputs, A, B, and Cin, defined the same as for a full adder, and three outputs, S, P, and G.  
The sum, or S output is the same as for a full adder and will not be correct until the carry input is correct, 
but P indicates if the A and B inputs will cause a carry in to be propagated across this bit position and the 
G output will indicate if the A and B inputs will cause a carry to be generated at this bit position.  Since 
the P and G outputs depend only on the A and B inputs, they are computed rapidly without depending on 
any ripple phenomenon.  Ironically, a PFA computes more information (three outputs) with fewer gates.  
It is a re-conception of hierarchical boundaries.   

Now another circuit, called a carry look-ahead unit (CLA), rapidly computes all the carries from all the P 
and G outputs of the PFAs.  Those carries are connected to the carry inputs of the PFAs and sum outputs 
get computed much faster than with a ripple-carry adder.   

Still other hierarchies exist for binary addition.  As an example, possibly useful in some cases, a memory 
could be used to simply store a huge addition table.  Then the numbers A and B are used as addresses into 
the table and the answer is simply looked up in the table.   

Hierarchies are a consequence of our human finitude.  Even Adam, before the fall, would employ 
hierarchies.  The effects of sin are a burden to correct understanding, but a world free of sin, the new 
heavens and the new earth, still cannot offer full understanding of the universe to human beings.  Real-
world digital systems often are complicated enough that no one person can fully understand the design 
and manufacturing techniques needed for all aspects of the system.  However a team of engineers, 
technologists, and others in proper relationship to God and themselves can work productively with each 
person assigned to just one or a few of the hierarchical aspects of a system.  In this sense hierarchy is 
neither to be specifically encouraged, by devising as many layers of hierarchy as possible for example, or 
discouraged, by minimizing layers for example.  The best choice of hierarchy is simply one that 
apportions the degrees of abstraction to levels manageable by humans and is simultaneously adequately 
inclusive of relevant details of the reality of the situation.   
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In the subject of digital logic at least, lower levels of hierarchy tend to be best understood primarily in 
relation to scientific and mathematical theories.  Transistors and logic gates can be primarily understood 
in terms of physics and Boolean algebra for example.  Consider that the quality or fitness to a purpose of 
a transistor or logic gate is relatively easy to quantify in terms of numerical specifications—a datasheet if 
you will.  This is not to say that non-scientific and non-mathematical aspects, such as recyclability for 
example, never enter into consideration, just that most of the many considerations tend to be scientific and 
mathematical at the lower levels of hierarchy.  As one proceeds in study to higher levels of the hierarchy 
the theories needed involve more non-mathematical and non-scientific aspects.  For example, what makes 
a computer processor or a smart-phone good?  This is not prominently a question of science or math.  For 
example, the design of a good user interface for a smart phone has elements of aesthetics and psychology.  
Keeping communications appropriately private has to do with an understanding of law and ethics.  These 
are all elements of the engineering design of a smart phone.  Design work done at the higher levels of 
hierarchy involve different qualities of human judgment and human genius or error compared to work 
done at lower levels of hierarchy.  Christians can understand the various types of knowledge needed in the 
design of different levels of hierarchy as their response in freedom and responsibility to the cultural 
mandate.   

When a digital logic design is completed and the digital system is finally constructed and put in service, it 
is a whole piece, not a collection of hierarchical layers.  Real-world phenomena will play their role 
regardless of their degree of consideration during the design work.  For example the effect of a high 
humidity environment might have been overlooked in the design.  Later it might become apparent that 
corrosion of a particular connection upsets normal operation.  Humidity could have been considered, and 
the designers might have taken steps to mitigate the effect of humidity (or any other real-world 
phenomenon), but we are finite beings.  We cannot perfectly know in advance what can be ignored and 
what cannot be ignored.  Our trust in a design increases to its ultimate level only in response to actual 
performance in realistic situations.  Simulation can also help increase trust, but not as completely as real-
world performance.  Hierarchies of scientific abstractions are essential to our understanding, yet they also 
represent our lack of understanding of the totality of the situation.   

Conclusion  
What level of authority should be given to “science” then?  Science, as a body of knowledge, has its most 
significant roles in the lower levels of hierarchical structures.  In that sense it has a foundational role.  On 
the other hand, science it is not a final arbiter at any level of hierarchy, and especially so at the higher 
levels of hierarchy.  This limited but important role for science can be discussed in digital logic courses.  
Christians can consider the various types of knowledge needed for the design of various levels of 
hierarchy as a response to the cultural mandate.  This understanding offers joy and fulfillment in the 
engineering task.  Particularly in a course on digital logic, including this type of discussion helps the 
students relate what they are learning in the digital logic course to their faith and to other courses they 
may be taking, even non-engineering courses.   
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