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We are living in perhaps the most exciting times in all of human history. The technological advances we are witnessing today are giving birth to new industries that are producing devices, systems, and services that were once only reflected in the realm of science fiction and fantasy. Industries are being completely restructured to become better, faster, stronger, and safer. You no longer have to settle for something that is “close enough,” because customization is reaching levels that provide you with exactly what you want or need. We are on the verge of releasing the potential of genetic enhancement, nanotechnology, and other technologies that will lead to curing many diseases and maybe even slowing the aging process itself. Such advances are due to discoveries in separate fields to produce these wonders. In the not so distant future, incredible visions of imagination such as robotic surgeons that keep us healthy, self-driving trucks that deliver our goods, and virtual worlds that entertain us after a long day will be commonplace. If ever there were a time that we were about to capture perfection, it is now—and the momentum is only increasing.

Since humans first learned to make fire with primitive tools, technology has frightened, confused, and excited people, bringing with it massive transformations of individual lives and society as a whole. The changes have been both positive and negative as each new wave of technological advancement crashed onto the shores of advancing generations eager to apply their creations. Some people have benefited greatly from mechanical inventions, while others have significantly lost, having their lives turned on end by the radical changes technology delivered. The bottom line is that while everyone has experienced, endured, and adapted to the shifts created by technology's power in an isolated and slowly evolving way, it has been nearly two hundred years since we have seen the scale of change and disruption we are about to witness as we charge headlong into the twenty-first century.

We are currently experiencing what has been dubbed the fourth industrial revolution by Klaus Schwab, the founder and CEO of World Economic Forum®. This fourth wave of technological advancement is riding the coattails of three previous technological surges. The reason these movements are considered “revolutions” is because each one is more than a simple evolution of a technology. Rather, they involve significant advancements in technologies across many disciplines that converge and have far-reaching implications that change the way businesses and economies operate as well as how people live and earn a living. These changes cause disruption to the status quo of society, often leading to political turmoil. Technological advancements that industries are scrambling to perfect and employ in our present time have been built on the foundations of the earlier industrial revolutions, converging previous inventions and ideas with new and modified discoveries. Before taking a look at our current technological revolution and how people need to adapt in order to flourish rather than get cast aside, it helps to understand the pillars on which it has been built. Typically, we look back at industrial revolutions and conclude that they were worth the effort because we are overall better off because of them. However, living through revolutionary beginnings is not easy. Even those people who benefit greatly from such times may still struggle, while others are devastated by those changes the rest of their lives.

THE FIRST INDUSTRIAL REVOLUTION

The first industrial revolution began in the late 1600s with the mass introduction of mechanical production equipment and accelerated as new forms of powering this equipment with steam were found in the late 1700s. This revolution and evolution continued at a breakneck pace until sometime between 1820 and 1840. It was the beginning of mechanical substitution for labor that had traditionally been performed by animals or humans. Many skills that society relied on to function were provided by artisans who spent their lives learning and perfecting their crafts and services, passing on their knowledge to apprentices. Suddenly, their jobs were replaced by machines that could produce more and faster for lower cost, and their lives were turned upside down. The Luddite Rebellion of 1811–1813 was a direct result of the clash between the value of people and the efficiency of machines. It was led by groups of skilled craftspeople who were rapidly losing their livelihoods to several forms of mechanical replacements. Around that time, professional wool finishers had nearly all been replaced by machines, directly threatening the livelihood and well-being of their families (the Luddite Rebellion is covered in more detail in chapter 7). It was both a battle of human versus machine and a struggle between laborers and the owners of capital.

Certain aspects of society were radically altered by such inventions. The textile industry, for example, benefited greatly from the implementation of power-driven cotton gins and weaving looms. The introduction of machines boosted the production and profitability of company owners while bankrupting entrepreneurs and small businesses. Those who worked in the factories faced long hours and sometimes dangerous conditions. The majority of society (around 80 percent) consisted of the working class—those who were employed to carry out required jobs to meet the needs of the whole. As machines began taking over traditional human roles, employees lost their bargaining power with company owners. As a result, the need for skilled craftspeople declined, and wealth was transferred from skilled labor to capital owners and, to a lesser extent, unskilled laborers, including children.

The problems arising from large-scale use of machines first showed up in Great Britain and in cities elsewhere in Europe where large, established populations had already formed. Mechanized factories and processes drew even more people from their countryside farms and villages to the cities in hopes of finding steady employment, modern luxuries, and better pay. Industrialization drew migrant laborers of nearly every background, expanding town populations and significantly shrinking the pool of skilled workers who operated and excelled at their trades. Certain skilled trades such as weaving, sewing, and threshing were almost completely replaced by machines. Londoner Henry Mayhew recorded his concern for the growing poor in a document entitled London Labour and the London Poor. He wrote, “There is barely sufficient work for the regular employment of half of our labourers, so that only 1,500,000 are fully and constantly employed, while 1,500,000 more are employed only half their time, and the remaining 1,500,000 remaining wholly unemployed, obtaining a day's work occasionally by the displacement of some of the others.”1 Mayhew acknowledged that part of the reason for such dismal employment results was “the displacement of human labour in some cases by machinery.”2

Along with the new machines came a need for new sources and forms of materials, new methods of manufacturing, and new types of skills. The first industrial revolution produced entire cities that housed these activities and had to either be located near energy sources such as water bodies or coal mines, or have adequate transportation networks to supply them with distant resources. This led to a decline in public health conditions as workers packed into shantytowns that lacked proper water delivery and waste removal. Many people died as a result, and many others starved as a direct or indirect effect of being displaced by machines. Revolutions also occurred as the masses rebelled against poor treatment and conditions.

The budding United States was almost entirely an economy of agricultural production until the machines began to arrive around the turn of the nineteenth century. However, the industrial revolution set its base in northern cities, leaving those states south of the Mason-Dixon Line caught behind the times as far as technology was concerned. A power struggle ensued between those who would control human slave labor and those who would control capital—the money to build machines and reap their rewards. This played a key role in the American Civil War, which began in 1861. The South, although an agricultural powerhouse supplying the world with such staples as cotton, lacked the North's more sophisticated means of harvesting, transporting, and manufacturing products. Southern plantations and farms were heavily dependent on slave and other forms of human labor, and Southern cities had access to a much smaller percentage of railroads and banking institutions compared to their Northern neighbors.

By the time the war broke out, Northern states were enjoying a boom of wealth, riches, and freedoms created by heavy industries that were driven by an increased use of machines, which allowed them to produce upward of 90 percent of the country's manufacturing output. Technology was being applied to various areas, which gave the North a significant advantage over the South. The Northern army was more favorably armed, producing 3,200 firearms for every hundred that the South produced. This was enabled by Northern innovations in machining and inventions. Northern factories also allowed greater production of textiles for blankets and uniforms, leather for saddles and holsters, and pig iron for heavy cannons and guns. The North was applying new machines in agricultural industry as well. Mechanized planters, threshers, and reapers allowed for faster planting and harvesting, which gave the North a production edge over the agriculturally dominant South. The advancing technology of the first industrial revolution also drew more immigrants to Northern cities because they preferred the advantages of modern machines over the outdated and sparse comforts of the vast farmland in the South.

Transportation was another key factor in the outcome of the war. A more widespread and sophisticated railroad system provided fast and efficient delivery of troops and supplies to the Northern war effort. Toward the end of the conflict, Gen. Ulysses S. Grant utilized the growing railway system as well as technological advancements in steamships to overpower General Lee's forces and systematically take control of a growing number of Southern cities. The combination of modernized factories, machines, and transportation systems, along with a greater influx of workers, gave the North a greater advantage over the South. This horrible war that pitted brother against brother had the positive aspect of vastly accelerating the modernization of the United States through technological advancements. By 1900, the fledgling country was one of the greatest industrial powers in the world.

Industrialization created a flood of new jobs and provided a great many opportunities and benefits to those employed in its wake. However, a large portion of the employees filling the budding mechanized factories and businesses endured harsh labor conditions, long working hours, and overbearing bosses, all foreign to workers’ previously slow and flexible way of life on farms and in small villages, where they basically managed their own affairs. The benefits obtained by working with machines outweighed the poor, cramped living conditions and the lack of time and energy to enjoy them.


In order to deal with such large-scale issues that sprang up almost overnight, governments were restructured and strengthened, and laws were enacted that established trade unions and created environmental protection policies. Those societies that embraced and adjusted to this first industrial revolution experienced rapid development. New technologies quickly created a broad divide between industrial and nonindustrial economies. Industrial nations prospered as new, mechanically powered manufacturing and means of transportation allowed goods to be processed and shipped faster, in more abundance and at lesser expense than traditional methods, which lowered costs for many goods. Notably, the price of food dropped overall. which helped reduce malnutrition and disease, giving industrialized nations a stronger, healthier citizen base. Traditional family gatherings and social festivals were replaced by long, hard hours of work on the factory floor, but on the bright side, music halls, theaters, and sports venues to enjoy such increasingly popular games as cricket, soccer, and rugby sprang up in cities, leading to the basic structure of the metropolises we see today.

THE SECOND INDUSTRIAL REVOLUTION

The second industrial revolution, sometimes referred to as the Technology Revolution, occurred around 1870 and continued into the middle part of the twentieth century. Steel replaced iron, which allowed the production of larger, stronger structures, such as skyscrapers and bridges, as well as more efficient modes of transportation like locomotives and ships. The vulcanization of rubber and creation of the combustion engine led to vehicular transportation on a mass scale. Electricity harnessed through power stations and light bulbs increased production rates and allowed for longer hours of operation. The invention of the telegraph and telephone opened the door to globalization via rapid, real-time communication. Literacy also exploded as mechanized printing presses churned out material and increasing numbers of universities were founded. New business processes, like the assembly line, reshaped the way work was done, enabling workers to produce more, faster, and at lower costs than ever before.

This wave of technology had a great impact on the social, corporate, and political arenas, dramatically altering nearly every aspect of daily living. Mass immigration, which began during the first industrial revolution, continued as people moved from the country to take factory jobs in big cities. By the 1920s, most people in the United States were living in urban settings. Ironically, machines moved to rural areas, where they increasingly replaced human farmers in growing crops and raising livestock. Nearly 40 percent of the entire US labor force was employed on farms at the start of the twentieth century, but at its close, that number dropped below 3 percent.

Early on, workers continued to experience harsh working conditions, long hours, and low pay. Safety issues plagued growing factories as fires, accidents, and poor health took their toll. It was during this time that Upton Sinclair wrote his classic book The Jungle, about the harsh working conditions in the meatpacking plants of Chicago. Those who became ill or were fortunate enough to reach retirement age had to depend on savings, since such benefits as pensions, overtime pay, vacations, and health insurance were nonexistent. Wages were still quite low, so it normally took the monetary contribution of all family adults and sometimes the children to pay rent and buy food. Housing conditions also remained cramped, as large or multiple families took shelter together in small rooms and apartments. Although indoor plumbing began taking hold during this time, it was rare at first, which limited the water available to an overcrowded populace for such things as bathing and cleaning.

Like the first industrial revolution, the early days of the second industrial revolution saw a significant amount of strife. In the United States, the Pullman Strike shut down the majority of rail delivery and transportation in the spring of 1894, resulting in thirty workers being killed and causing damages totaling more than $80 million. The strike began when the Pullman Company®, a manufacturer of rail cars, ordered a reduction in wages as a result of declining business in the rail industry. Hardships were particularly exacerbated for those employees living in the company town on Chicago's South Side, where Pullman owned the houses and stores. While the company reduced the wages of its employees, it refused to lower rents and prices. Pullman also chose to pay shareholders dividends despite the downturn in business, which further angered workers.

The initial strike led to involvement by the American Railway Union in June of that year. Union members totaling 125,000 across twenty-seven states refused to work on or service trains that utilized Pullman cars, which significantly crippled rail transportation west of Detroit, Michigan. Finally, President Grover Cleveland intervened, which led to a court injunction ordering strikers to cease, giving as an excuse their interference with the delivery of mail via the US Postal Service®. The strikers refused to comply, and President Cleveland ordered the US Army to end the strike, resulting in violent clashes between rail workers and government forces prior to the strike ending.

Struggles between the workers and business owners, or capitalists, continued through this time, shaping society and politics. It was during the second industrial revolution that Marxism, socialism, and communism started gaining popularity, especially in areas where the distribution of wealth was particularly uneven. As the effect of the second industrial revolution continued to redistribute income and wealth at all levels of society, it increasingly became a hot-button issue used during the Russian Revolution and even toward the rise of Adolf Hitler. At this time in the United States, so-called robber barons rose to become captains of industry who were responsible for shaping virtually every aspect of the American economic and political scenes. These two philosophically different worldviews between communists and capitalists would go on to shape global politics and economics for decades to come.

Like the first industrial revolution, the second wave of technology led to improvements on a broad scale, only further reaching. The discovery and introduction of electricity, mass production, and division of labor all began to work to the advantage of the average citizen. The process of manufacturing items was fine-tuned, and output was increased. Specialized regions were established where companies utilizing these new technologies could operate as an interdependent community. Wages began to increase, allowing more people to afford the products being mass-produced. The trend took off in earnest in 1914 when the headlines applauded Henry Ford for increasing daily wages to $5, nearly doubling those of other companies. Doing so cut down on costly employee turnover and the need to train new employees and ended factory shutdowns resulting from a lack of qualified workers.

Other strides also became evident as the twentieth century marched forward. The number of women in the workforce increased to around 60 percent at the end of the twentieth century from a mere 19 percent at its beginning. Child labor laws were implemented, eliminating the 1.75 million children laborers under the age of fifteen recorded in the 1900 US Census. Other laws were also enacted that provided a minimum wage, healthcare, pensions, vacations, reduced work hours, mandatory overtime pay, and more. Governments were also transformed from those that focused on the nation-state to those that focused on citizens, who were now heavily involved in driving the engines of production, transportation, and trade.

Of course, the pursuit of higher technology wasn't all beneficial, especially when it came to conflicts between humans. By the time the second industrial revolution began with its new surge of innovations and inventions, Europe already had such a tremendous stockpile of weapons that European leaders were at a loss for what to do with them. Various wars along the way such as the Crimean and Russo-Turkish Wars allowed for this surplus of weapons to be used, but they also led to advances in warfare technology such as greater mobility, longer reach and accuracy, and more intense destructive power.

By the time World War I broke out in 1914, new military machines were being pumped out at a faster rate than at any time previously. Existing weapons such as pistols, rifles, and grenades were improved, and the types of weapons were expanded to include such lethally efficient items as chemical weapons, torpedoes, and machine guns. Mechanized vehicles were also a major addition to WWI battlefields, as technology improved other modes of mobile war machines. Armored cars, tracked transport vehicles, zeppelins, airplanes, and tanks were introduced, although most remained fairly clumsy or confined to minor roles. For example, planes were mostly used as observation vehicles to scout enemy movements or strategic targets, and it wasn't until the end of the war that tanks were fitted with revolving turrets.

World War II began in 1939 and not only saw the introduction of new and improved weaponry but also inspired even greater technological development in a wide array of fields. Communication technology was a major factor, as radios allowed better and more accurate strikes by both aircraft and ground weaponry. Handheld and hand-operated weapons were improved to include semiautomatic and then full automatic machine guns, bazookas, and mortars. Advanced development of armor made vehicles more resistant to the ravages of war, and airplanes were improved beyond a mere observational role to allow better fighting capability, including with machine guns and bombs, as well as to add important dimensions such as air transport and paratrooper drops. Technological advancements contributed to large seafaring fleets consisting of aircraft carriers and battleships that not only had massive firepower and troop/supply delivery capabilities but were also equipped with sonar and radar. Amphibious modes of operation were also successfully engaged as landing craft were developed, making sea-to-land assaults possible and effective.

Despite the expansion of military machines that allowed humans to more effectively and efficiently destroy and kill each other, the advancement of technology provided some equally dramatic benefits for those citizens seeking to live in peace and pursue a better life. A long list of useful items and devices were spawned from the war and applied to civilian life and the business world. Computers were developed, with their main purpose being to decipher Enigma codes. Penicillin was developed from the need to treat serious infections on the battlefield and has saved countless lives since. Jet engines, pressurized cabins, rockets, and satellites were also direct war contributions and have led to developments in travel speed and comfort, peacetime space exploration, and digital signaling used for advances in communication and vehicle navigation. Nuclear power was also developed as a means to quickly stop what was seen as a very costly war, both in resources and in lives, and has become a source of inexpensive energy. Other useful inventions that originated from the war effort include radar, microwaves (which led to those handy-dandy ovens), superglue, synthetic rubber, ballpoint pens, and photocopying.

Further mechanization of factories led to more effective and efficient assembly lines and more jobs. The result of all of this new technology was a greater reach of trade and communication, a rise of individual rights, and the expansion of a better-educated population. A larger segment of society was able to obtain more goods, which led to the culture of materialism. Although more people could experience luxury, comfort, and an overall increase in their standard of living, the boom of unregulated manufacturing practices set the stage for future environmental and resource issues. The prerequisites to global warming, climate change, and resource depletion that we are experiencing on a grand scale today all began in earnest during the second industrial revolution.


THE THIRD INDUSTRIAL REVOLUTION

The later part of the 1960s ushered in the third industrial revolution, or Digital Revolution, which inundated society with electronics, automated production, and computerized data technology. Such new developments eventually spurred the growth of globalization, which enabled further reductions in the costs of parts, labor, technology, and finished goods. Global production networks grew out of the movement that developed new manufacturing techniques. Countries left behind in the previous two revolutions increased development and began adding to the overall production of cheaper, more abundant, and better goods and services. During this time, advances appeared in industrial robotics, miniaturization, personal computers, portable audio and video recording, the internet, and fast-food production. Rising technology played a role in the rise and fall of Communist regimes; the Cold War; the Deming approach to manufacturing; and interplanetary space travel, which led to the moon landing and to probes that flew by all of the planets and landed on Venus, Mars, and even a comet. It continued to march forward, reshaping the world economically, politically, and socially. A major change was the way in which wars were fought. Instead of being carried out on a physical battlefield with destructive weapons, war was waged primarily with ideas that utilized the airwaves, internet, and cross-cultural exchanges to gain an advantage.

All of these trends contributed to the decline and even demise of many manufacturing facilities as the technology that made models more efficient was adapted. The oil and gas industries, in particular, took a nosedive as such energies began being replaced by more advanced energy processes that were environmentally friendly and clean. To compound the problems of the energy industry, entire infrastructures designed to transfer and utilize such fuels were aging and falling into disrepair, and noticeable shifts in weather and climate began to expose the cost of fossil fuel gluttony.

Advances in robotics were used by the Japanese to overtake US car manufacturers in the 1970s and 1980s. Enhancements in robotic assembly-line manufacturing—combined with Japanese workers who were hardworking, loyal, and focused on quality—gave the nation's car manufacturers a significant edge over US companies. Japanese workers were also treated much better and made to feel like they were important assets, which magnified their already-instilled good work habits. Cars produced by companies like Honda® and Toyota® became common sights on US roads due to their higher standard of quality, beating out American-made cars. The near-bankruptcy and subsequent government bailout of Chrysler® was due to strong Japanese and German car sales that drove the American automaker to expand operations in an attempt to compete. However, recessions, energy crises, and government-imposed regulations concerning fuel efficiency and environmental standards were straws that contributed to breaking the metaphorical back of Chrysler.

How US workers were treated was another important factor in the decline of American-made automobile quality and sales because although US companies were deploying robotics just as Japanese ones were, US workers remained divided between blue- and white-collar positions. This led to frequent union strikes and battles as disgruntled blue-collar workers fought for better organization and higher wages. As unions organized, grew more powerful, and won large increases in benefits and wages, auto manufacturers began moving to other countries where labor was both extensive and cheap. Tax breaks sweetened deals that enticed some automakers and their supporting businesses to foreign shores. Many companies were already in the process of adjusting business models and management structures to better compete in rapidly growing global markets that were feeling the effects of various pressures—including the expansion of a wide array of technologies.

The Digital Age opened up a large number of opportunities for global expansion, as business could now be conducted from practically any location on the planet that had access to increasingly large data-sharing systems. Major governmental shake-ups resulted as the Digital Revolution marched forward. The mass sharing of information led to the creation of broad and far-reaching free trade agreements as well as a mass exodus of jobs to offshore destinations. This led to job losses in the United States and certain European nations as jobs were transferred, but it also resulted in less expensive products and the expansion of consumerism, and it worked to strengthen developing nations that could house job transference by providing cheaper labor and operating costs. Once again, advanced technology directly resulted in revolutions that changed the face of the political map. Blossoming technology contributed to the fall of the Soviet Union and Eastern Bloc, as well as to uprisings in China like the Tiananmen Square protests. Also, mobile devices and social media were contributing factors in the Arab Spring uprisings.

Undoubtedly, the arrival of computers, with the internet connecting them, drove massive changes as more industries incorporated computerized mechanisms. This new technology brought with it a plethora of both pros and cons, as did previous technological revolutions. On the positive side, factories and businesses became more efficient as computerized machines and software systems increasingly replaced a costly, faulty, and vulnerable human labor force. Machines took over some dangerous jobs and jobs that were repetitive and led to stress injuries. Fewer people were required to operate and maintain these systems that could produce more over longer periods of time at less expense, and new openings became increasingly available for those who acquired the specialized skills required to keep those systems operating and advancing unhindered. All these factors also led to lower prices, enabling more people to participate in the benefits these innovations had to offer.

It wasn't all good news, however. Many thousands of factory workers, telephone operators, secretaries, and others were displaced by digitization. This was also a factor in creating a widening gap between highly skilled, better-paid workers and low-skilled workers in low-paying positions. A widening gap between the wealthy owners of capital and the workers began to emerge.

Digitization has created vulnerabilities that didn't exist before. The Black Monday market crash of October 19, 1987, was driven by computerized trading. The Great Recession of 2007–2008, which saw the crash of the housing market, was also intensified by digitization, as bankers had access to further reaches of unregulated and unmonitored transactions. Hackers and terrorist groups have often taken advantage of weaknesses in computerized systems to wreak havoc on consumers, companies, and entire social centers. Digitalization has become a weapon that holds as much power as militarized machines, if not more.


THE FOURTH INDUSTRIAL REVOLUTION

The fourth industrial revolution is rising from a series of breakthroughs in data storage, connectivity, analytics, materials science, bioengineering, and more. In the words of Dr. Klaus Schwab, who has written a book and numerous articles on the subject, “We are at the beginning of a revolution that is fundamentally changing the way we live, work, and relate to one another. In its scale, scope and complexity, what I consider to be the fourth industrial revolution is unlike anything humankind has experienced before.”3

Indeed, this revolution in technology seeks to solve various problems that have arisen from the previous three, thus improving human conditions. Advanced technology, particularly in the areas of mobile devices, social media sites, and other related sources, is being used to minimize conflict by better analyzing trends and providing real-time warnings and responses to emerging conflicts. This is due to more than half of the world's population either owning or having access to computers or mobile devices.4 With such a large and growing number of people connected by technology, the potential for sharing information and finding peaceful means for solving problems is massive. The challenge is to remain focused on harnessing and utilizing rapid advancements in technology for the betterment of humanity. This age of high-tech development in such areas as biotechnology, nanotechnology, 3-D printing, the Internet of Things, quantum computing, big data analytics, energy production and storage, materials science, space industrialization, virtual reality, blockchain, drones, robotics, artificial intelligence, and more is so important that the January 2016 annual meeting of the World Economic Forum®, held in Davos-Klosters, Switzerland, had the theme “Mastering the Fourth Industrial Revolution.” This topic took high precedence at the 2017 gathering of the WEF as well.

We are seeing evolved technology radically transform our lives as it is meshed with and becomes dominant in home appliances, computers, financial products, smart devices, data storage systems, transportation, communication, and more. Certain technologies are becoming so advanced that they are being merged with the human body in order to increase intelligence and strength, heal injuries, diagnose illnesses, enhance performance, instantly operate external machines, and perform other such tasks. Nanotechnology is allowing science to delve into the microcosm to accomplish such “miraculous” feats as curing disease, eliminating pollution, developing quantum computing, and creating miniscule power sources. Genomics is on target to revolutionize healthcare by identifying and then either treating or eliminating unwanted inherited traits ingrained in our genetic material. Genomic medicine is defined as “an emerging medical discipline that involves using genomic information about an individual as part of their clinical care (e.g., for diagnostic or therapeutic decision-making) and the health outcomes and policy implications of that clinical use.”5 This approach to medicine utilizes DNA sequencing and bioinformatics to analyze entire genome structures in order to identify their functions.

Facebook® has recently announced plans to develop an interface that allows brain-to-computer communication without the use of invasive implants. The goal is to provide a means by which thoughts can be scanned, detected, and then translated to text without the need for physical typing. The initial target is allow mental typing of one hundred words per minute via thought-only technology. The potential for such brain-computer interfacing may lead to the ability to control virtual reality and augmented reality devices without the use of external controllers and screens. Another project the Facebook research and development team is working on involves what is termed “skin-hearing,” which is the ability for computer software to translate sound into frequencies that can be sent and received through the skin in much the same way as the ear. If successfully developed, such technology could allow people with hearing limitations or loss to effectively communicate.6

Billionaire technology developer Elon Musk is experimenting with a similar brain-computer interface known as Neuralink®. The idea is to create a device that can be implanted in the brain, which gives the receiver the ability to interface with computing devices in much the same way as artificial intelligence.7 Musk told a crowd gathered at the World Government Summit® held in Dubai that “over time, I think we will probably see a closer merger of biological intelligence and digital intelligence.” He believes this cyborg type of technology could be used as a means by which humans can effectively improve themselves.8

A restructuring of the world's financial system is yet another target of new technology as cryptocurrencies and blockchain technology expand in popularity and use. Blockchain is a distributed ledger, a recording of transactions that is stored in multiple databases, not just a single database. When new transactions are made, they are compared against the multiple records to ensure the records match and the transaction can be legitimately made. Cryptocurrency, such as Bitcoin, is one application of the blockchain. Bitcoin was the first digital cash phenomenon to be unveiled, in 2008; creator Satoshi Nakamoto described it as “a peer-to-peer electronic cash system.”9 Although Bitcoin got off to a slow start, the idea of using it and other virtual currencies has gained momentum. A September 2017 survey revealed that 78.5 percent of Americans had heard of Bitcoin, and 40 percent of those surveyed showed an openness to using it in the future. However, the currency's actual use is still lagging, as only 14 percent of Americans confessed to actually owning it.10 Bitcoin continues to lead the pack of cryptocurrencies, but it is facing some serious competition from other virtual currencies that have arisen since its conception. Leading cryptocurrencies at the moment include Litecoin®, Ethereum®, Zcash®, Ripple®, Neo®, Cardano®, and Monero®, among others.

Blockchain is much more than cryptocurrencies. Applications are being developed to manage electrical grids, supply chains, and accounting systems as well as provide cybersecurity support and much more. Blockchain has the potential to revolutionize the way business and transactions are handled. Companies that develop and adopt this technology have greater opportunities to grow and displace or disrupt competing companies that do not. The combination of blockchain technologies and the quantum computing capabilities that are currently developing will likely have staggering impacts on a wide array of businesses and jobs. Businesses can utilize blockchain applications to organize healthcare data, create effective media platforms, track energy usage and transactions, and market real estate. The banking and finance industries will find blockchain useful for improving capital markets, offering peer-to-peer transactions, maintaining account encryptions that help deter and detect financial scams and money laundering, improving trade finance deals, and providing secure and transparent insurance policies and claims. Blockchain apps are also useful to governments for improving record management, tax gathering, regulatory oversight, voting platforms, and identity management. Blockchain technology also offers a variety of other benefits in such areas as business licensing; education; fraud prevention; securities movements; digital manufacturing; and tracing and tracking food, vehicles, cargos and various types of funds.


The lines between the real world and the virtual world of technology are becoming increasingly blurred as larger segments of society are inundated with the workings of machines. It is not individual technology that is creating this new industrial revolution, but the convergence of many technologies, new forms of energy generation and storage, and innovative business models, all of which together are being used to create something new and unpredictable. And because we are in the earliest stages of the fourth industrial revolution, we cannot yet see all of the new technologies that will be developed; know how they will be combined; or understand the impact they will have on society, jobs, the economy, and the way we live. We can, however, see that there are a great number of technologies being developed that are on the verge of being commercialized and becoming a real part of our lives. Deeper changes to the “norm” of business, the job market, government, and society as a whole are taking place at a lightning-fast pace. Companies, societies, and individuals who have already made major adjustments to compensate for the third industrial revolution are being forced to once again make cultural and organizational adjustments to meet newly surfacing requirements and challenges. The irony of the situation is that advances in high technology are being sought to solve the very problems being created by its ongoing development.

As with the three previous industrial revolutions, the present movement is causing societal as well as industrial disruption. Those who adapt are discovering the benefits of high technology, while those who do not are being left behind. What is being dubbed the Analytics Revolution is being hailed as an era of great promise. As technology advances, it will undoubtedly offer unprecedented opportunities if used responsibly. We have the opportunity to enjoy healthier, safer, and happier lives in a world with smart cities that are powered by natural sources of energy, offer products and services that are more efficiently produced and cost-effective, and are protected by cybersecurity systems.

However, the ongoing fusion between humans and robots will undoubtedly also produce massive and relatively unknown changes that will tempt governments, scientists, and corporate heads to cross lines of ethics, safety, and reason. This current industrial revolution has the potential to cause greater disruption than its predecessors because the displacement of human workers is projected to be higher than before. Study after study has revealed consistent data backing the loss of tens of millions of jobs.11 This move toward massive displacement of both blue- and white-collar employees comes at a time when the world population is nearing eight billion. The mass move to high technology will ultimately place a much greater strain on company heads, governments, and other policy makers to find ways to deal with dramatic societal changes. We simply do not yet know the extent of those changes and how they will ultimately affect our individual and social lives. Nonetheless, it will be advantageous for people to prepare in order to ensure they come out better for the advances in technology, not left behind.

THE MOMENTUM OF CHANGE

There is a host of new technologies working to create dramatic changes in the present that will drastically affect economics in the not too distant future. This change is occurring in practically every segment of society and on a global scale. The explosion of shared information and digitally accessible data has made massive advancements in technology possible. Changes are happening so rapidly that individuals; social circles; and the programs, businesses, and economies they feed find it extremely taxing to keep up. Those who struggle and fall behind may very well fail in their efforts to survive.

Since the humble beginnings of humanity, technology has been considered a positive attribute. From more precise hunting weapons and better construction methods to enhanced forms of water delivery and agriculture, technological advancements simplified and improved the lives of ancient tribes, helping them grow into blooming, productive civilizations. The arrival of the Industrial Age saw an explosion in technology that has continued to expand. Over the span of not much more than a century, a mere tick on the universal clock of time, humans have created such “miracles” as cross-country and worldwide transportation, disease prevention and eradication, global real-time communication, and space exploration. As a result, we live longer, are healthier, have more money to buy what we need and want, and can take time to enjoy recreational activities or hobbies.

Although a great many positives rose out of it, the first industrial revolution wasn't an easy or celebrated walk in the park. It caused major disruptions in society that lasted for decades, longer than the working life of most people. Generations of workers and their families were affected by uncomfortable and even turbulent changes. People were suddenly dealt with differently, policies had to undergo major overhauls, and shifts in education and work schedules occurred, all of which disrupted governance, structures, guidelines, processes, and lives. Adaptation was vital in keeping up with the technological developments being implemented throughout society.

Subsequent industrial revolutions caused equally stressful disruptions. For example, the third industrial revolution brought an abrupt end to many thousands of telephone operator jobs. As with most positions radically transformed by new advancements in technology, those workers who were at the end of their career were able to retire without noticeable trauma. However, younger workers who lost their jobs had to seek new sources of expertise that fit the new paradigm, or they found themselves cast aside because they held knowledge and experience that was no longer relevant or needed. These changes occurred over shorter periods of time, which only magnified the stress placed on those affected.

There appears to be no slowdown to the advancement of technological applications. As a matter of fact, the speed at which ideas and inventions are manifesting is accelerating to a near-breakneck point. Robotics, nanotechnology, quantum computing, 3-D printing, artificial intelligence, and other rapidly advancing sciences are opening doors into unfamiliar areas. We are actually achieving the outcomes of such possibilities before we fully understand where they will take us. This practice of developing and initiating vastly unexplored technologies that have the potential to significantly alter our physical, biological, digital, and economic worlds is both extremely exhilarating and potentially dangerous. It is wise to step back and take a sober look at how these technological advancements will improve our lives, while at the same time taking into consideration the possible negative implications they will have on individuals, companies, social structures, and economies as a whole.


THE ARGUMENT: A BETTER LIFE

One strong argument for the development of new technologies is that they will continue the process of vastly improving our lives. For example, the field of robotics is revolutionizing the manufacturing industry, which is considered to be beneficial for the employer, employee, and customer. It is trumpeted by company heads that automated robotic machines not only save money, cut down on employee training and expense, and improve efficiency but also increase pay for specialized employee operation, decrease accidents and healthcare expenses, and reduce overall cost for customers. These claims are indeed true, and largely embraced by investors and others set to benefit from technological advancements.

However, there remains a major long-term problem that very few are talking about. Companies utilizing robotics reduce expense and boost profits due to one main outcome—fewer employees are needed to produce and deliver products. Of course, that is viewed as a superpositive asset in the eyes of business owners and their investors, but a largely negative aspect looms in the shadows. As corporate operations shift toward less expensive, more reliable, and more efficient robotics and analytics, what will all of those displaced workers do? At present, those people are turning to service-type jobs that tend to pay significantly less, offer few to no benefits, have higher stress levels, be less fulfilling, and experience greater turnover. Those who cannot find low-paying jobs rely on charity or government programs to sustain them.

The problem magnifies as those businesses that offer jobs defined as “low-skill/low-pay” that traditionally rely on human workers are increasingly turning to automated robotics and analytics programs to replace them, just as other major companies are. McDonald's®, Hardee's®, Carl's Jr.®, and other fast-food restaurants are eyeing a growing future in robotics. In June of 2012, Lemnos Labs® unveiled a demo burger-making robot prototype that can prepare a beef patty, trim it with all the desired fixings, and wrap it up within a few minutes. The company claims the robot can replace two to three full-time workers, saving each fast-food franchise as much as $90,000 yearly, with $9 billion saved nationwide.12 Another company, Momentum Machines®, which was seeking to open a prototype robotics restaurant in San Francisco, ran an advertisement for someone to be a “restaurant generalist” in order to offer “impossibly delicious” robot-made burgers “at prices everyone can afford.”13 That one lucky person would be responsible for taking orders, scheduling shifts, cleaning, and other tasks that the robot cannot do. Of course, according to the ad, the person would also have to “pick up some new skills that aren't part of typical restaurant work,” which would include troubleshooting the robot's software problems, dealing with customer complaints, and making sure products sold effectively.14

Companies creating robots that perform cooking duties aren't only eyeing restaurant businesses. London-based Moley Robotics® unveiled a robo-chef prototype in 2015 at Germany's Hannover Messe® trade fair, which showcases futuristic technology. The Robotic Kitchen® developed by Shadow Robot Company®—whose creations are used by companies around the world, including NASA®—consists of a traditional cooking stovetop surface with modern burners, an oven, shelves, a sink, and two sophisticated robotic arms. The robot has been programmed by 2011 MasterChef winner Tim Andersen and can accomplish basically any cooking task on command, including assembling cookware, preparing ingredients, cooking and baking, and even washing the dishes. It is targeted to be released
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