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    Preface


    

      Whether you are a student or a seasoned professional, many Christians working in technical areas struggle with engaging their faith in the world of technology. Perhaps you never thought about how your faith might inform your work in technology. Perhaps you feel a disconnect between your daily professional life and your Christian spiritual walk. The development of technology through science and engineering has always been a cultural activity with religious implications, but its direction is set by the human heart. Developing and using technology is one way we love God and our neighbor, and more fully witness to the gospel of Jesus Christ for the entire world.


      The vision for this book is to provide a guide for Christian engineers and others working with technology to responsibly navigate today’s technological terrain. A field guide is a resource that helps the reader identify things (usually plants or animals) in their natural environment. We hope this book serves as a field guide for readers interested in engineering and technology to identify and discern technology and its cultural environment. Furthermore, since all readers will be users of technology, and many will be practitioners, this book provides some principles and advice that we hope will be helpful to Christians who wish to be faithful and honor God in the technological aspects of their lives.


      A field guide is not intended to be complete or comprehensive, since it is designed to accompany, not exhaustively inform, the traveler. Outfitted with this guide, explorers share the journey guided by the thoughts of those who have traveled a similar path. This field guide shares multiple voices, with varying perspectives about the terrain ahead, but always on the same journey of discipleship.


      A field guide also provides a balanced perspective by noting challenges like endangered species and habitat pollution, but also depicting the beauty and wonder of the natural world. Here too, we hope to acknowledge the challenges arising from technology, but also point to the wonderful possibilities that come with technology and its ability to contribute to flourishing. Many books in philosophy and the social sciences provide wise warnings about the threats associated with technology, but we also want to ask the practical question: How then shall we engineer? Like other cultural pursuits such as politics, education, or the arts, technology has consequences if not pursued thoughtfully and responsibly. We want to avoid being what Neil Postman called, “one-eyed prophets,” who dwell only on the problems arising from technology, unable to imagine the wonderful possibilities.1 Rather than wringing our hands in despair, we want to explore how we as engineers and designers can responsibly pursue our technical vocations.


      The three authors were motivated to write this book because we have each had similar struggles that we suspect many readers have. Each of the authors have served as professors in Christian colleges and universities but have also spent time in industry. Ethan Brue is an engineering professor at Dordt University and has worked as a project engineer in the energy and agricultural technology industries. Derek Schuurman is a computer science professor at Calvin University, but his academic training and industry experience are in electrical engineering. Steve VanderLeest is currently a computer engineer working in industry but previously served as a professor of engineering at Calvin University.


      An article published in the journal Christian Higher Education surveyed faculty in Christian higher education and found that professors specializing in computer science, math, and engineering were the least likely to integrate faith into their teaching.2 Our experience has shown that this is not due to lack of piety on behalf of Christian engineering professors, but rather the challenges of faith integration within certain disciplines. As authors, we understand these challenges firsthand; each of us has worked as an engineer in industry as well as taught in Christian higher education. By sharing what we have learned, our hope is to encourage readers to ask wise questions about technology, aspire to more noble purposes with technology, and live lives more consistent with our faith in the areas of technology.


      We acknowledge that the topic of faith and technology is complex, and as authors we did not always agree on precisely what to include or not. In fact, the purpose of this book is to invite you to join the ongoing conversation and participate—exploring, discerning, and at times wrestling. Thankfully, none of us need to do this on our own. We can benefit from the insights from a large cloud of witnesses. We recognize that this book stands on the shoulders of many others, including the groundwork laid out in the 1986 book Responsible Technology.


      You will notice multiple voices throughout this book. Chapter one was a collaborative effort. Ethan Brue developed chapters two and seven. Derek Schuurman crafted chapters five, six, eight, and ten, and Steve VanderLeest wrote chapters three, four, and nine. Throughout our writing of the chapters, conversations between all three authors provided different perspectives to challenge, shape, and encourage. We hope the presence of multiple voices encourages the reader to join our conversation as well. We have added reflection questions at the end of the book and a companion website to continue the conversation with related links, articles, and resources, which the interested reader can find at ivpress.com/fieldguide.


      Part of this book manuscript was written during the onset of the coronavirus pandemic, a time when we were reminded of the blessings of technology to facilitate ongoing communication during a time of necessary physical distancing. But it was also a time in which we were reminded that we are not in control; that despite all our ingenuity we remain dependent on our heavenly Father. We are grateful to God for his grace and faithfulness which is also evident in the gift of technology.


      Soli Deo Gloria
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  Chapter One


  Dreams Take Flight


  

    

      Not only cathedrals, but every great engineering work is an expression of motivation and of purpose which cannot be divorced from religious implications. . . . The age of cathedral building is long past. . . . But every manmade structure, no matter how mundane, has a little bit of cathedral in it.1


      SAMUEL FLORMAN



    


  


  

    

      

        Before heading off into the technological landscape, we begin our field guide with an examination of the underlying yearning to design technology. What drives our dreams and longing to invent? This chapter was written collaboratively by all three authors, reflecting insights from their own journeys to become engineers. The purpose of this chapter is to connect our hopes and dreams exhibited in technology to our ultimate hope in our sovereign God who is making all things new in Christ.


      


    


    Two dreams. Same goal. Same technology. Different endings. Samuel Langley dreamed of a flying machine. So did Orville and Wilbur Wright. In fact, so did many others, stretching back to the artist-inventor Leonardo da Vinci in the thirteenth century. Of all the dreamers, inventors, and innovators through the ages, the story that ultimately gets tied to the invention of human flight tells us as much about our own hopes and dreams as it does about the transcendent imagination fueling the technology itself.


    In the mythology of flight, the Wright brothers most often play the protagonists. However, in the late 1800s, if you were betting on the future of heavier-than-air powered flight, Samuel Langley would have had the best odds for being the inventor of the early aeroplane. He had the right education as a scientist, political capital, connections, and finances to make it happen. As a distinguished astronomer and head of the prestigious Smithsonian Institution, he had at his disposal seventy thousand dollars (nearly two million in today’s dollars), of which the majority was taxpayer funded, to design, build, and test the first mechanically powered airplane. By contrast, with less than a thousand dollars of their own money, the Wright brothers were self-educated, self-funded, and self-motivated owners of a bicycle shop. This backdrop brings to mind our favorite storylines in which an unlikely underdog overcomes insurmountable odds to achieve success.


    In the fall of 1903, Langley’s scientifically engineered contraption, packing an impressive fifty-plus horsepower, made its long-awaited, well-publicized flight multiple times across the Potomac in Washington, DC, complete with a sizable entourage of reporters, scientists, and interested citizens. While the stage was impressive and the flight commendable, it was the dramatic landings that stole the show. The final and most spectacular landing occurred in December of 1903, morphing aeroplane into submarine and memorably landing a brave but fully chilled and drenched pilot, sputtering profanities, back on the riverbank. What crashed in the Potomac was more than just the flying mechanism. Equally damaged that day was the public’s faith in institutional science, political power, and wealth. Meanwhile, a little over a week later, two bicycle mechanics who spent a mere four years of vacation time “playing with” technology were able to coax a mere twelve horsepower engine to lead them into history, witnessed by a handful of curious locals with surprisingly little drama.


    Maybe we find the story of the airplane so intriguing because it embodies the rags-to-riches mythology that we want to be true. However, a closer reading of the Wright story reveals something deeper than the retelling of the American dream. The story reinforces the notion that in culture making, the visionary artist often eclipses the scientist. This may explain why today we remember Kitty Hawk as the site of the first flight and why the Wright brothers achieved a chapter in history while Langley only secured a footnote.


    What drove the brothers Wright to dream about flying? Momentous technological change often grows from a deep yearning or belief. The Wright brothers’ imagination was sparked at an early age after Milton Wright gave a toy flying device to his young sons, Orville and Wilbur, in 1878. It was perhaps an odd gift coming from a man of the cloth, as Milton was a bishop in the Church of the United Brethren in Christ. Little did their father know that his gift might inspire the boys to dream of creating the first powered aircraft that could be reliably controlled by a human pilot. Not all beliefs are articulated in doctrinal statements, some take shape in wood and metal.


    The boys grew up in Dayton, Ohio, pursuing diverse interests in sports, music, nature, and mechanical devices. As teenagers, their curiosity drove them to build their own printing press and to later start a bicycle shop. Reading news stories about early attempts to fly reinvigorated their childhood dreams, and they began researching and experimenting to create their own airplane. Possibly taking their cues from their bicycle world, they reconceptualized the “problem of flight” not as getting into the air, but as giving us control when we got there. Like the experience of learning to ride a bike, our earliest failures occur when trying to turn, slow down, or stop. Driven by this quest to solve the flight control problem, they built models and prototype gliders to test and refine their design. They meticulously examined each failure and improved the design before ever attempting powered flight—all the while refining their skill at riding the airplane. They identified the Outer Banks of North Carolina as an ideal location for their final field experiments because of its frequently windy conditions. They set up camp in Kitty Hawk, being drawn back to this wilderness landscape not simply for its aerodynamic advantages, but also for the contest of wit and skill played out against an unpredictable foe of wind and weather.


    

    

      [image: A white airplane flies across an open landscape beneath a cloudy, foggy sky. The back of a man dressed in black is visible as he stands to the right of the plane, observing its flight.]


      

        Figure 1.1. Photo of the first powered, controlled, sustained airplane flight in history at Kitty Hawk, North Carolina, December 1903


      


    


    Longing represented by dreams and imagination is an important factor in technology design. Today, most new technology originates in big companies, so we might mistakenly connect innovation to the economic motivations of corporate businesses and miss the role of play. One of the most striking features of the Wright brothers’ story, though, is that their motivation arose not from some practical need but from a delight in tinkering and exploring. Their story demonstrates the power of play, imagination, and human creativity—driving them from the inauspicious printing press and bicycle shop in Dayton, Ohio, to flight tests in the boondocks of Kitty Hawk. Kitty Hawk was more akin to a rustic vacation camp than a science project, and the memoirs of their experiences on the Atlantic coast read more like poetry than a lab report. Orville and Wilbur were gymnasts, football fans, pond hockey players, bike riders, skate sharpeners, book lovers, naturalists, art connoisseurs, and musicians, as well as inventors. These diverse interests shaped their imaginations, and their curiosity drove them to design the world’s first successful heavier-than-air engine-powered and pilot-controlled aircraft.


    More important than the creation of the Wright Flyer itself, may be the creation of the Wright history. Langley and his institution of scientific predecessors may have, through their myriad of failures, done more for the ultimate future of aircraft design than the Wright brothers. Nevertheless, it is the Wright brothers that we more often choose to remember. Stepping back from the story, the reason may be bound up in our dreams. We also dream of the activity of creating: the adventure, the joy, the delight of exploration, free from the demands of our modern industrial machine. While only a few in the world are granted access to the well-educated and well-funded world of Langley, most of us can identify with the world of the Wright brothers. Their dreams of creating were as strong as their dreams of flying.


    What drives humans to create technology? Some have suggested that invention is the result of Darwinian selection and that creating tools to survive is simply an evolutionary skill that developed over time, corroborating the old adage that necessity is the mother of invention. While some creative abilities that our ancestors employed to survive still endure, such as harnessing fire for energy, other creative endeavors are now directed toward crafting the arguably less essential jet skis and big screen televisions. Others have suggested that invention is a type of technological determinism, assuming that technological progress is inevitable, implying that engineers are compelled by some impersonal force. Still others have suggested that invention is driven primarily by consumerism and materialism, which creates the demand for what invention supplies.


    Is invention only driven by the instinct for survival or the instinct of greed? Neither survival nor greed led us to the first flight at Kitty Hawk or the first majestic cathedral. They were driven by delight in creating something new and beautiful and noble. Technology always serves a purpose or seeks to achieve a goal by solving problems. The best technology delights us with intuitive melding of form and function, and in some ways this aesthetic makes it a product of not only science but also of art. Although calculation and logic are fundamental to modern technology, the development of technology is a creative activity. We do not calculate a new technology, we design it. In the end, our best technology is derived not from our base instincts but from our noblest dreams.


    Yearning for something better stokes our imaginations to explore new possibilities and to envision a different reality. Imagination is our conscious dreaming. Our ability to create technology allows us to ponder new and better ways to achieve our goals, and even to conceive of new goals that build on new tools. We can better our lives, improve our community, advance our society, and care for our world with the devices we dream up and build.


    Science fiction has long inspired the imaginations of modern technology developers. Written in 1865, Jules Verne’s classic tale From the Earth to the Moon imagined a voyage to the moon a century before the first moon landing. Another classic Verne story, Twenty Thousand Leagues Under the Sea, describes an electrically powered submarine a decade before the first one was constructed. Prolific science fiction author Arthur C. Clarke described artificial satellites for communication more than a decade before the USSR launched the Sputnik satellite in 1957. Today satellite technology is so common that we usually drop the qualifying adjective “artificial.” Martin Cooper, an AT&T engineer widely recognized as the father of the cell phone, mused that Dick Tracy comics depicting futuristic wrist-watch radios may have inspired his vision for mobile phones. The Star Trek television series may have also inspired various technologies, ranging from spaceship propulsion to medical imaging. In one of the halls of the Smithsonian National Air and Space Museum one can view a model of the starship Enterprise from Star Trek near a model of the lunar landing module, placing the dream of space travel next to the reality of it. Indeed, imagination often precedes invention.


    


      DREAMING OF SPACE


      

        [image: The spacecraft prepares for liftoff against a dark sky as clouds of smoke and fire issue from its engines.]


        

          Figure 1.2. Apollo 17 launch


        


      


      One of my indelible childhood memories is the sight of a television image of the launch of Apollo 17 and the subsequent fuzzy black and white video of men walking on the moon.2 It was late 1972 when I watched footage of Walter Cronkite’s report on the Apollo program’s final mission to the moon. My father let me stay up late one evening to watch the spectacular images of people visiting another world. I didn’t know it at the time, but these missions to the moon were the culmination of centuries of human dreaming about flight, outer space, and celestial bodies. What I did know was that it sparked my own imagination. It was one of the experiences that led me to dream about my own vocation: first imagining myself as an astronaut, but eventually focusing more on technology and deciding to become an engineer.


      The entire Apollo program was the culmination of a dream. In 1961, US President John F. Kennedy laid out an ambitious, mind-boggling goal:


      

        I believe that this nation should commit itself to achieving the goal, before this decade is out, of landing a man on the moon and returning him safely to the Earth. No single space project in this period will be more impressive to mankind, or more important for the long-range exploration of space; and none will be so difficult or expensive to accomplish.


      


      Tragically, Kennedy didn’t live to see his challenge met. On July 21, 1969, astronaut Neil Armstrong stepped onto the surface of the moon. As he descended from the lunar landing module onto the surface of the moon, Armstrong said, “That’s one small step for a man, one giant leap for mankind.” People watching this historic moment could only imagine what leaps in space travel might lay ahead.


      Like the explorers centuries ago that set out on uncharted waters to explore the unknown reaches of earth, many of those drawn to the original US space program were spurred by a dream of exploring the unknown reaches of space. Robert H. Goddard was the American scientist who built the first liquid-fueled rocket. He became fascinated by spaceflight after reading H. G. Wells’s novel The War of the Worlds as a young man. The concept of interplanetary travel gripped his imagination, influencing his decision to study physics with a focus on developing rockets.


      Wernher von Braun also dreamed of rockets and space travel. As a youth, he read a science fiction novel about two planets and grew up to become an aerospace engineer. However, his commitment to his dream of rockets eclipsed other concerns. His obsession led him to work on the V-2 rocket for Nazi Germany, even though his real interest was in space travel and not weapons of destruction. As the war came to a close, he arranged to surrender to American forces, hoping it would offer the best path for further rocket research. It did. He joined the US space program and is widely regarded as the inventor of the Saturn V rocket.


      After retiring, Katherine Johnson would visit with aspiring students and recount her career at NASA, telling them to never give up on their dreams.3 Johnson had joined NASA as a mathematician, calculating trajectories for spacecraft by hand, since this was in the 1950s, before the era of the electronic computer. She was the first woman to publish a technical report at the space agency.4 Her story of success as a Black woman in an organization dominated by White men became the subject of a 2016 feature film, Hidden Figures.


      

        [image: A middle-aged black woman wearing glasses and a collared dress smiles while sitting at a desk in a small office setting. Her arms rest lightly on the desk, on which there are two pencils, some papers, and a typewriter.]


        

          Figure 1.3. Katherine Johnson at her desk at the NASA Langley Research Center, 1966


        


      


    


    

    


      DREAMING OF COMMUNICATION


      Dreams can also be spurred by tragedy. Samuel Morse, inventor of the telegraph, originally worked as a portrait artist. While working on a commissioned piece that took him far from home, his wife became seriously ill and died. He learned of her sickness and death too late to return home before she had already been buried. Heartbroken, he began to dream about a way to communicate that would be faster than sending a message via horseback. A conversation with a scientist about electromagnetism a few years later gave him an idea for building a message-sending machine. Over the next decade he worked on a device that included a transmitter, a receiver, a relay to amplify the voltage over long distances, and a code to translate the messages. He patented his ideas in 1840, claiming an invention for “Improvement in the Mode of Communicating Information by Signals by the Application of Electro-Magnetism.” Some of the intricate details of his invention are depicted in figure 1.4 as they appeared in his patent application for the device. In May of 1844, Morse sent his first message by telegraph: “What hath God wrought?” He chose the content of his first communication from the Bible (Numbers 23:23 KJV).


      Centuries before Morse, Johannes Gutenberg invented the movable metal type printing press, choosing the Bible as his first publication. The Gutenberg Bible, as it came to be known, was the first mass-produced print book. Over 150 copies were printed around 1440, and the remaining forty-nine copies that have survived are considered some of the most valuable books in the world today. Later inventors were not as clever or biblical with their inaugural messages. A couple of decades after Morse, Alexander Graham Bell used the first telephone in 1876 to summon his assistant: “Mr. Watson, come here, I want to see you.” A century later, Ray Tomlinson sent the first email message in 1971, seeking new ways to communicate with others over a distance.


      

        [image: The diagram on top is labeled Figure 4, with various components of the machine labeled with letters a, b, c, d, f, and i. A section at the front of the machine is labeled box, and a section at the back is labeled conductor. The diagram of the pendulum lever at the bottom is labeled Figure 5 with various components labeled with letters a, b, d, e, g, i, and k.]


        

          Figure 1.4. Two diagrams from the Morse Telegraph patent application


        


      


      What do these messages have in common? They marked the moment the inventor’s dreams took flight and became reality. Each new communication technology allows people to connect with other people in a new way, forming new relationships at a distance not previously possible. Connecting might sound like a technical term, but it is a human term that describes the forming of a bridge between two people, linking them in relationship. It captures the ultimate and proper goal for technology—to help us be more fully human in relationship to each other and to God.


      Imagination shapes technology, but technology can also shape our imaginations. At the turn of the previous century, theologian and statesman Abraham Kuyper reflected on radio communications in his devotional Near Unto God. He suggested that technology can “help us understand our God in ways that our imaginations couldn’t as easily register before.”5 He observed that radio communication “helps us visualize how it is that the Lord, whose throne we say is in heaven, can pick up even a whispered prayer in the silence of our bedrooms.” He continued, “The radio is thus even more of a gift of God—not only does it expand our world, it also helps us understand more about God’s power.”6


    


    

    

      DREAMING OF LIGHT


      Thomas Edison’s creativity led to hundreds of inventions and thousands of patents. His dreams sometimes required weeks or even years of experimentation and hard work before they became reality. His dream of creating a better light bulb by improving on the earliest versions of electric lighting was not realized easily—he made over one thousand attempts before discovering the right filament material. It took more than a year of further effort before he produced the first commercially viable incandescent bulb. When he finally came up with a working, reliable device, he patented the idea.


      His dream was not just a better light bulb, but rather the transformation of the entire urban way of life with a complete direct current generation and distribution system. Edison envisioned the cultural transformation of homes and industries with electric power. His innovation extended well beyond a single technology. His creations encompassed all components of the system, from generators, to meters, to conductors. A new electrified community was perhaps Edison’s grandest dream and greatest invention.


      Edison, Morse, the Wright brothers, and many other inventors have turned dreams into reality. Although they may all have had an extraordinary creative genius, all humans are endowed with creativity.


    


    

    

      USERS DREAM TOO


      Inventors and science fiction writers are often the first to imagine a new technology, but users, inspired and enabled by the new inventions, begin to dream too. New technologies often make a big splash in society, causing excitement, wonder, fear, and amazement. Consider the scene on the street circa 1900 as people saw the first horseless carriage drive past, experiencing astonishment, delight, and perhaps fear. As a society, we exhibit a similar range of reactions to new inventions, such as our reaction to autonomous automobiles that are not only horseless but driverless. Whether our response is positive, negative, or mixed, it seems we inevitably incorporate new technologies into our daily lives. Right now, many of us are probably exploring new devices or tech tools, perhaps an app, that friends or relatives have not yet tried. Some may be skeptical, doubting its usefulness or concerned that it will change their lives for the worse. Others might be favorably disposed toward the new device but cannot afford it. When new technology shows up, we are all forced to evaluate it and choose whether to adopt it. How can we make wise and faithful choices about the technology we adopt?


      Imaginative users not only adopt technologies, but they often have further thoughts about how to adapt or modify them for uses beyond what the inventor envisioned. For example, although monks may have invented the clock to artistically depict the God-ordained movement of the heavenly spheres, this mechanism was soon used to gather them for prayer with more precise regularity. As the precision of mechanical time extended beyond what an hourglass or sundial could provide, it ushered in an era where tools to measure time became common. Individual users imagined uses far beyond marking prayer times. Modern watch-wearers use clocks to monitor laborers, set mealtimes, synchronize meetings, and more. Gradually, time zones were established, and with the ability to more precisely measure time, deadlines could be specified to the minute. The clock changed society, illustrating the notion that we shape our technology, but our technology also shapes us.


    


    

    

      FAITH UNDERLIES ALL TECHNOLOGY DREAMS


      Technology surrounds us more than we realize. While we easily notice the latest device as high-tech, we often fail to recognize the pervasive presence of older technologies because they have faded into the background of our conscious observation. Computer scientist Alan Kay noticed this fading: “Technology is anything that wasn’t around when you were born.” For example, the worship director at one of our churches often mentions that she hopes the technology will run smoothly during the worship service. By “technology” she means the computer and projector displaying the song words on the screen, the audio system that allows the musicians to hear each other with good balance, the video shown part way through the service, and the wireless microphone for the preacher. She probably doesn’t think about all the other technologies that make up the service: the devices invented in previous ages that aid our formal worship like the piano, central heating, grape juice for Communion, architectural technology, carpeting, electric lights, printed Bibles, paved parking lots, and concrete steps at the entrance. All these technologies have faded into the background so that we hardly notice them unless they fail in some way. Similarly, you might recognize your smartphone as high-tech but fail to notice older technologies you are wearing right now, like your eyeglasses, stain-resistant pants, and even the zippers on your clothing. Noticeable or not, technology often changes the way we live, interact, work, play, and even worship.


      The impulse to create technology is fueled by our dreams and our imagination. “In dreams begins responsibility,” wrote the poet William Butler Yeats. He may not have been thinking of technology, but he understood that yearnings hint at responsibility and ultimate purposes. Technology has deeply religious roots. Our yearnings and imagination reflect personal values shaped by desires and longings within our hearts. They are glimpses of the ultimate dream: the longing to see the new creation and the new Jerusalem. Technology grows out of our human character endowed with the image of the Creator. It grows out of biblical callings to care for the creation, to love God, and to love our neighbor. Done well, our technological dreams become reality in building God’s kingdom. Done poorly, our technological dreams become nightmares that pervert creation and harm our neighbor.


      Most dreams fade away, but those shaped by the Spirit of God do not. This creative spirit is poured out on engineers who continue to see visions and dream dreams, prophetically pointing to a coming kingdom. The Christian faith does not restrain engineers from having extravagant ideas but encourages us to imagine what God desires. As Christians, our dreams must be animated by the biblical story, and our hearts must be tuned to a vision of God’s coming kingdom. Christian engineers need to equip themselves with more than technical competency; they need to cultivate an imagination for how things ought to be. That imagination must be shaped by faith in Jesus Christ, in whom and through whom and for whom all things exist.


      There is more to the story of technology than simply dreaming. Our design and use of technology start with dreaming but are also influenced by a variety of other factors. Achieving dreams consistent with our Christian faith in the complex context of real life is the subject of the rest of this field guide. We begin in chapter two with the Scriptures by reviewing the biblical story and describing how it can inform our understanding of technology. Chapter three dispels the myth that technology is objectively neutral in order to make the case that we must exercise responsibility. As an aid to wise design, chapter four introduces one of the key concepts of the book: design norms for responsibly creating and evaluating technology. While the norms from this chapter provide a framework for guiding God-honoring designs, chapter five looks at how norms and virtues can inform and expand the topic of professional ethics. Chapter six examines the impact of sin on our technological work and products. Chapter seven provides a historical perspective, encouraging us to continually “zoom out” to see and imagine the big picture when immersed in the minutiae of a complex project. Leaping forward from the lessons of history, in chapter eight we hope that by pointing our design efforts to our broader eschatological hope, we can avoid undue utopianism or pessimism. In chapter nine we demonstrate technology design as a legitimate Christian calling, making the case that an engineer or scientist need not quit her job in order to serve Christ fully and faithfully. We end the book by addressing some concerns you might have about how one practically lives out their faith in the design of technology. Chapter ten takes the form of letters to a young engineer, giving practical real-world examples of how the ideas of this book become real—where the rubber meets the road.


    


    








Chapter Two

A Survey of Technology
and the Biblical Story


Story is the primary way in which the revelation of God is given to us. The Holy Spirit’s literary genre of choice is story. . . . To get this revelation right, we enter the story.1

EUGENE PETERSON






Our first field study of technology will begin at a high elevation to see how the full sweep of the biblical narrative informs our understanding of technology. Ethan Brue will be our guide as we survey the entire biblical landscape with an eye for technology across this expanse.



On Christmas Day, December 25, 1968, at 9:30 p.m. EST, an alignment of three world-changing technological innovations made an isolated astronomical event viewable with the naked eye to humans in virtually every major city on earth. A spacecraft, television, and printing presses allowed people everywhere to be entertained by a crew of technical experts (a.k.a. astronauts) in the tight confines of the Apollo 8 spacecraft reading responsively from the first chapter of Genesis.


Astronaut William Anders: In the beginning God created the heaven and the earth. And the earth was without form, and void; and darkness was upon the face of the deep. And the Spirit of God moved upon the face of the waters. And God said, “Let there be light”: and there was light. And God saw the light, that it was good: and God divided the light from the darkness.

 

Astronaut James Lovell: And God called the light Day, and the darkness he called Night. And the evening and the morning were the first day. And God said, “Let there be a firmament in the midst of the waters, and let it divide the waters from the waters.” And God made the firmament, and divided the waters which were under the firmament from the waters which were above the firmament: and it was so. And God called the firmament Heaven. And the evening and the morning were the second day.

 

Astronaut Frank Borman: And God said, “Let the waters under the heaven be gathered together unto one place, and let the dry land appear”: and it was so. And God called the dry land Earth; and the gathering together of the waters called the Seas: and God saw that it was good.



Upon seeing a moon’s-eye view of our planet from an angle never before seen, it seems natural that humans would break forth in a hymn of praise and awe to its Creator. People often have similar responses to seeing a sculpture, a painting, a skyscraper, a bridge, or a home. We are seldom satisfied with just seeing the work, we want to know the artisan: Who made this? We have an irresistible desire to reach deeper into the creation and know more of the Creator. However, there is another layer to this story from 1968. The astronauts were not merely celebrating the first amazing image of the earth from space—we had already received a variety of snapshots for over twenty years. They were sharing with us the experience of an extraterrestrial viewing of our world, mediated by the marvel of a new technological communication medium (television), and expressing this technologically recorded ode to the Creator from the belly of a technological exoskeleton (the Apollo orbiter). This story celebrates both creation and its created creators. The God who designed the expansive cosmos that surrounds us also engineered the creative capacities within us. While God called out the entire cosmos from nothing, he enables engineers to call out the spacecraft, television, and printed version of Scripture from what he has made.

SHALOM is the state of active harmony that is realized only when humanity acknowledges its true rest and delight in our submission to God, service to humanity, and care for the creation.



The astronauts only read the creation account of the first two and a half days, an abbreviated reading from the most popular abridged version that describes a six-day creation narrative. However, the complete creation story involves seven days, not six. In the first six days God created everything in integral dependency, with every created thing dependent on all other creatures and looking to God for sustenance. Then, on the seventh day, he gives the creation its direction. He actively rests with his creation and sets into motion a celebration of creative potential with purpose. The seventh day is the never-ending invitation for creation to live and work in right relationship with God, fellow humans, and the rest of creation. The biblical term for this condition of harmony is shalom.2 Service and care are what bind creation together and enable it to offer unified praise.

The astronauts’ journey into space was possible because of the other six-day creations: the hydrogen and oxygen obediently hurling them into orbit; the mosaic of metallic crystals, plant fibers, mineral castings, and polymer composites graciously separating the humans from the suffocating darkness of space; not to mention the staff at mission control, the network commentators, the television viewers, the tax paying public, the schools, the families, the government all fulfilling their roles of service—the list is unending. Whether the fragile astronauts gently buoyed by finely tuned gravitational currents acknowledged it or not, the entire enterprise was dependent on God. They were celebrating the act of creating, which is eternally bound up in the creation story. The story of the space race, as with all human activities, is mixed with prideful ambitions, misplaced faith, and political maneuvering at individual, institutional, and national levels. Still, we should not miss the goodness of the technological unfolding that comes when humans seek to “fill the earth” and bring out its potential. As humans create, fill, and enjoy creation, they imitate the Creator God who, with us, celebrates all obedient unfolding of his creation.

The first chapter illustrates that technology gets its direction from our deepest longings and dreams. This chapter will summarize how Scripture informs our Christian hope and imagination in relation to technology. The biblical story reveals God’s deepest longing to make all things right, restore his creation, and dwell with his people.

Despite the reputation of engineering as a rigorous and demanding field, its challenge is not in its immense complexity but in its mind-stretching simplicity. Engineering students often spend so much time trying to master all of the cursory concepts that the central ordering principle escapes them. In many engineering and science classes, the entire curriculum is built on learning the same three or four lawful constructs, albeit viewed from different angles or described by a different lexicon. For example, the entire course of fluid dynamics can be distilled into applications and derivatives of three core physical concepts: mass conservation, energy conservation, and momentum principles. Some texts even reduce this into a single equation for all properties and derive all three principles using the same mathematical relation. Additional content does not replace what we already know; it gives us a fuller picture.

SABBATH is God’s final act in the creation narrative. God dwells with his creation to bring it to its intended fullness in the unending seventh day. It is the culmination of God’s redemptive plan, through Jesus Christ, to bring all things into eternal rest.



The same thing is true for the canon of Scripture. The rudimentary themes of Scripture are all found in Genesis 1–3: God the Creator of everything good will dwell (sabbath) with his creation, and he will keep his covenant of love with us by entering our world as Immanuel, “God with us.”3 The good news is that simple. But thanks be to God, he does not leave us with this perplexing simplicity. He reveals to us again and again what it looks like. Arguably, one of the most concise and yet comprehensive creation accounts is sung by the apostle Paul in his letter to the Colossians:

The Son [Christ] is the image of the invisible God, the firstborn over all creation. For in him all things were created: things in heaven and on earth, visible and invisible, whether thrones or powers or rulers or authorities; all things have been created through him and for him. He is before all things, and in him all things hold together. And he is the head of the body, the church; he is the beginning and the firstborn from among the dead, so that in everything he might have the supremacy. For God was pleased to have all his fullness dwell in him, and through him to reconcile to himself all things, whether things on earth or things in heaven, by making peace through his blood, shed on the cross. (Colossians 1:15-20, emphasis added)


This is the biblical story summarized in its entirety. God creates all things—time, matter, energy, sensations, inferential relations, turnips, maple leaves, limestone, and potassium chloride. But there’s more. He not only created it all, he is willing to offer his own lifeblood to bring his creation back from death into its intended fullness. God will continue his creative and re-creative work until all things are brought back into proper relation and all things enter his eternal sabbath. Even after humanity snubs God’s invitation to sabbath with him, God delivers his chosen people from slavery and provides weekly, monthly, and yearly feasts and observances that follow seventh-day rhythms (e.g., land sabbaths and the Year of Jubilee). These foreshadow the fulfillment of the eternal sabbath in the person of Jesus Christ, who summarizes his entire mission as the Jubilee-in-the-flesh, quoting from Isaiah 61:1-2 and declaring,

“The Spirit of the Lord is on me, because he has anointed me to proclaim good news to the poor. He has sent me to proclaim freedom for the prisoners and recovery of sight for the blind, to set the oppressed free, to proclaim the year of the Lord’s favor.” Then he rolled up the scroll, gave it back to the attendant and sat down. The eyes of everyone in the synagogue were fastened on him. He began by saying to them, “Today this scripture is fulfilled in your hearing.” (Luke 4:18-21)


The Bible’s many chapters are bookended by the first two chapters of Genesis—telling of the Creator God putting all things into proper relationship and preparing for endless celebration with his creation—and the last two chapters of the book of Revelation—imaginatively retelling of the re-creating God putting all things into proper relationship and preparing for endless celebration with his restored creation. All chapters in between detail the bridges God builds at an unfathomable cost to make this happen. Jesus, Immanuel (God with us), is the final fulfillment of the ultimate Sabbath. In this foundational sense, there is nothing new in Scripture from beginning to end; the story does not change or get superseded, but it does get continually filled anew.

It is impossible to highlight all that Scripture illumines regarding technology and engineering in one chapter of this book. But the first chapters of Genesis frame or allude to a theme that fits the entire biblical narrative: creation-fall-redemption summarizes how God acts and how this covenant with his creation relates directly to our work as engineers and technologists.


THE CREATION AND THE PROCESS OF EX NIHILO DESIGN

It is good. It is good. It is good. God is not afraid of being purposefully redundant as he makes a world, step by step.4 Again and again and again he acts in repetition, until a level of fullness can be imagined. In God’s divine design, the earth and all that is in it was good from the beginning, and it was “very good” once all the relationships were in place. The best designs are always iterative. As engineers, the stuff we responsibly study, name, form, and shape from the cosmos is also good. It is not just the matter and organisms of our world but also the intended relationships (human to human, human to creation, everything to God) that are very good. It follows that, when humans respond in obedience to God’s call to name his creatures and bring fullness to the earth with our science and engineering, it is very good.

There are only two types of beings: God and creature. And since there is only one God (Deuteronomy 6:4, “Hear O Israel: The LORD our God, the LORD is one”), everything else must be “creature.” A creature is any being that is created. This includes atoms, molecules, logic, numbers, space, mass, and time, in addition to plants, animals, humans, and everything else that shares our world. Nothing in this world exists that was not created. All things were created by God and are sustained by him. Nothing in creation is self-sufficient. Everything is dependent on the Creator. It is only God himself that is nondependent. God just is—or as he declares, “I am.”

The creaturely experience of order is too often taken for granted. Read Genesis 1 again. What is essential and necessary for plants to exist? Contrary to conclusions drawn by many ancient and modern theorists, albeit for different reasons, it is not the sun—it is only God. As God adds humans to the mix and steps back to arrange all the pieces of his creating, he graciously requires all creatures (like the sun and daffodils and water and humans) to need each other. It was all good, but it wasn’t “very good” until he finished it and put all creatures in appropriate service to one another. It is this lawful servanthood that enables us to describe biological relationships, such as photosynthesis. Contrary to our modern sensibilities, it is our lack of independence as creatures that in the end makes all things very good. Humans were intrinsically designed to live in inseparable communion with their Creator. Apart from God, we are always less than what we were created to be.

Many people assume that one of the goals of engineering is to make us more self-sufficient and less dependent. Advertisers and marketing executives want us to feel this kind of relationship to technology, even though a strong case can be made that we are more dependent today on more people for survival than we ever were in our preindustrial past. Ironically, this technological dependence on creation and each other is often hidden from us.5 Being dependent on one another is not a problem for Christ-followers, who do not view self-sufficiency and independence as the end goal. We were created for non-self-sufficiency. A central purpose of engineering and technology, then, should be to enable all creatures to freely honor, serve, and depend on each other, as a means of becoming fully what we were created to be.

God remains exclusively God, and creatures remain exclusively creatures, but being transcendent (distinct from creation) does not mean God is not immanent (engaged with creation). He is both fully above creation and acting within it. Christ, as the image of the unseen God through the enlivening power of the Spirit, creates all things, holds all things, sustains all things, and reconciles all things to himself in order to dwell with them again. All things find unity in Christ—everything is oriented to this center (Colossians 1:17-20).

Creation, like a vector, has a twofold character: magnitude and direction. It was designed to contain a vast array of interdependent things with everything pointing to God. All things have worth and all things serve.


Your word, LORD, is eternal;

it stands firm in the heavens.

Your faithfulness continues through all generations;

you established the earth, and it endures.

Your laws endure to this day,

for all things serve you. (Psalm 119:89-91)



All creatures find their purpose in extending honor and hospitality to God and to one another.6 John Dyer creatively uses a programming metaphor to describe this twofold character of being (hardware) and purpose (software), recounting that

To the stars he gives the job of separating day and night and marking out the seasons. To the plants he gives the job of sprouting fruit and seed. To the fish—what the Hebrew literally calls “the swimming things”—God simply says “swim.” And to the birds—what the Hebrew literally calls “the flying things”—he says “fly.” During those first six days, every plant and animal received a place and a function within God’s world. What they are made to do—shining, spouting, swimming, and flying—in part defines what they are.7


Dyer helps us to reflect on how all of creation is defined, not only by what a creature is but by what it does. Creation serves God by doing what it was made to do. It was programmed to serve and praise, and that function cannot be muted. If you succeed in getting the disciples and children to stop shouting hosannas, you will only hear the rocks all the louder (Luke 19:37-40). The rocks have been praising the Lord of creation since at least the creation of time, if not before. The only way you can avoid “rock music” as an engineer who studies and works with creation is to have your ears and eyes closed. This is what John Calvin calls the “divine wisdom displayed for all who see.”

There are innumerable evidences both in heaven and on earth that declare his wonderful wisdom; not only those more recondite matters for closer observation of which astronomy, medicine, and all natural science are intended, but also those which thrust themselves upon the sight of even the untutored . . . so that they cannot open their eyes without being compelled to witness them . . . and [see] more than enough of God’s workmanship in his creation to break forth in the admiration of the artificer.8


This is how the nonhuman choir of creatures works, day after day. However, human creatures can make noise rather than song. This is often the “sound” of sin. In music, a note in the wrong place can ruin what the original piece was written to be. In computer programming, a line of code that sends the routine in an errant direction is called a bug. We have many words to describe engineering that misses the mark, but we certainly could call it antinormative, a term that describes moving in a direction contrary to the biblical norms we will discuss further in chapter four.




THE CREATION AND THE ORIGINAL GREAT COMMISSION

For engineers, our first days on the job are usually spent familiarizing ourselves with organizational charts and job descriptions. Genesis 1 and other parts of Scripture also outline our foundational organizational responsibilities and job descriptions. In the voice of the psalmist,


When I consider your heavens,

the work of your fingers,

the moon and the stars,

which you have set in place,

what is mankind that you are mindful of them,

human beings that you care for them?

You have made them a little lower than the angels

and crowned them with glory and honor.

You made them rulers over the works of your hands;

you put everything under their feet:

all flocks and herds,

and the animals of the wild,

the birds in the sky,

and the fish in the sea,

all that swim the paths of the seas.

LORD, our Lord,

how majestic is your name in all the earth! (Psalm 8:3-9)



Here God describes for us the unique relationships he has established between his creatures. Humans are uniquely called to the freedom of obedient servanthood. This capacity to respond or refuse to respond is something only people are given. As human stewards, we are tasked with providing the space, energy, and time that all creatures need to aptly serve their co-created creatures, and in doing so, serve their Creator.

So God created mankind in his own image, in the image of God he created them; male and female he created them. God blessed them and said to them, “Be fruitful and increase in number; fill the earth and subdue it. Rule over the fish in the sea and the birds in the sky and over every living creature that moves on the ground.” (Genesis 1:27-28)


Being a steward gives humans the twofold task of responsibly caring for the creation and imitating the Creator. This is, in part, what it means to be created in the image of God. God breathes his creative spirit into dust and humans become living souls, and the cosmic artisan gives them their own workshop—a garden to unfold and enfold, enable and protect, cultivate and preserve. It can be helpful to think of this original Great Commission (sometimes called the “cultural mandate”) as an internship. God never relinquishes his rule over all things, but he does invite humans to co-rule and co-keep. In one image of collaboration from the creation story, God brought creatures to man so that man could name them (Genesis 2:19). According to Nancy Pearcey and Charles Thaxton, “It was idiomatic in Hebrew that to name something is to assert mastery over it.”9 In the world of the ancient Israelites, the task of naming also implies a call to discover a facet of the creation and to determine how it functions. Technological development is one type of “naming” that calls us to both discover and steward creation by cultivating and harnessing creation’s potential for the good of all things.

For astronauts to read from Genesis in a human-created orbiting metallic skin (AD 1968) fits the Augustinian tradition (AD 425) of reading from Scripture the creation story of our human-creating.

For, quite apart from the arts of living well and attaining eternal happiness—which are called virtues and are given only by the grace of God, which is in Christ, to the sons of the promise and of the kingdom—there are the many and wonderful arts discovered by human ingenuity, some serving our needs, some serving our pleasures. Even when it turns its desire to superfluous or, worse, to dangerous and harmful things, this extraordinary power of mind and reason shows what a great good it has by virtue of its nature, the good that enables it to discover, to learn, and to practice such arts. What wonderful, what astonishing heights human industry has reached in producing clothing and buildings! What progress it has made in agriculture and navigation! . . . What skill in measurement and number! How acutely it has come to grasp the motions and order of the stars! What enormous knowledge it has accumulated about the things of this world! . . . The creator of this wonderful nature is none other than the supreme God, who governs and guides all he created.10


Augustine does not feel the need to develop the argument that humans are called into technological pursuits. The tone of his praise is implication enough, and the allusion to the repeated refrain “and it was good” is apparent. In the beginning, God not only established our role as technologists, amidst all the other roles of culture making, he also modeled what this human-creating should look like.11 God rested with his creation. This final day of creation has no beginning or end. As the only day without evening and morning limits, it defines the trajectory of all the other days. Genesis 2:15 states that God “put” or literally “rested” humans in the garden so that their “caring for” and “working with” would be one and the same. God intends that all creation finds its celebratory meaning in him. His desire is to dwell with his creatures, and along with his creatures to fill the whole earth with his glory.12

The CULTURAL MANDATE is God’s original commission to humanity in Genesis 1:26-28 and 2:15 to fill, rule over, care for, and keep the creation. It is our call to be culture makers that enable all of creation to flourish and reach its full God-glorifying potential.



Zechariah 14, set in the context of the Feast of Tabernacles or the Feast of Booths, illustrates how the Sabbath and Jubilee rhythm is an ongoing celebration of dependency and the joy-filled hope of all things oriented to God. The initial intent of the Sabbath (this final, unending day of creation) was that on the Lord’s Day, “HOLY TO THE LORD will be inscribed on the bells of the horses, and the cooking pots in the LORD’s house will be like the sacred bowls in front of the altar. Every pot in Jerusalem and Judah will be holy to the LORD Almighty” (Zechariah 14:20-21). This divine inscription will be stamped on everything, right down to the ordinary things we fabricate and engineer. The goal and purpose of creation was not efficient productivity but celebrative wholeness. Everything will find its fullness and unity in God’s sabbath intent. Unfortunately, this goal is often absent from the predominant economic, social, political, and technological models we have adopted in overdeveloped nations, resulting in perpetual futility.
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