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        Authors’ Note

      
      Most of this book was researched and drafted before the COVID-19 pandemic, so the content was written to speak of a world before the pandemic’s dramatic economic and social blows that have followed. Then massive protests over historic racial inequality broke out during the pandemic. As we write this note, we cannot be certain of the situation by the time the book is published and available for you to read. This note is a snapshot in time as well as a glimpse into the future.

      We, of course, updated the book with considerations about the virus’s effects on the economy and the implications of both the virus and the protests for workforce education. It turned out that in reexamining the work, we found that it actually speaks effectively to the new set of problems the pandemic and protests have raised.

      This work describes the nation’s growing economic inequality, including its effects on the working class and minorities, and suggests that a new system of workforce education is one remedy. The coronavirus has called out this inequality problem because, as we write, it is hitting the poor and minorities particularly hard at one end of the economic spectrum, while the wealthier in our society have been able to exit urban congested conditions to protect themselves and maintain income by working at home. The protests have been even more directly on point. If the nation is to grow out of this inequality and its consequences, these issues have made the subject of the book even more significant.

      The coronavirus will transform a number of sectors. Overall, the virus is showing what thin margins much of the economy has been operating on, and therefore how fragile it is. In particular, in-person retail is suffering massive cutbacks and job losses. Some critical manufacturing sectors have been hard-hit, particularly the aircraft industry. Manufacturing overall has been oriented to large lots and automation, and it will need to become more flexible and resilient, with more carefully controlled supply chains. Education has gone online in a remarkably short period, which may alter the way it develops and is delivered. Health has shifted toward new kinds of telemedicine and delivery. Together, these sectors dominate the economy, and each is a particular focus of this work.

      The internet has also become even more of a societal mainstay during the virus, both in some of these sectors and in daily life. In Albert Camus’s 1947 novel The Plague, the diseased society he portrays lives by hearsay and rumor because the communication system has broken down. In this pandemic, in sharp contrast, the level of communication and connectedness has been remarkable. While retail and travel have crashed, the internet is soaring. Online education, including workforce education, may be a beneficiary. Some of these shifts had already been evolving, but the coronavirus has sharply accelerated them.

      An underlying policy that will affect this inequality is to address new sets of workforce skills that will be required because of the changes in each. While other public policy areas are also relevant to enabling and retaining quality jobs, workforce education has, arguably, been driven much higher on the priority list by the messages of the pandemic and the protests.
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        Introduction

      
      American democracy was built around an ever-expanding middle class, but it is starting to fray as that middle class declines. Our society faces growing income inequality and too many dead-end jobs. Technological advances are placing quality jobs out of reach for too many precisely because those workers are unprepared for these jobs.

      What are we going to do about it? A much better educated workforce seems to be one critical answer.

      We begin with the possible: brief previews of three new types of workforce education programs, all in Florida, that might make a difference and that illustrate major themes of this book. The first shows how short community college skill courses could reach underemployed workers; the second illustrates the potential of new education technologies; and the third shows how disparate federal programs could be integrated at the state level.

      
        Preview #1: A Short, Intensive Program in Advanced Manufacturing

        Valencia College, based in Orlando, has some seventy-five thousand students in Orange and Osceola Counties in Central Florida’s Orlando area. With Sandy Shugart, the college’s president, we visited Valencia’s Advanced Technology Manufacturing Center—a small, new, never-opened factory in Osceola County, clean and bright, with the building loads and power access to handle heavy manufacturing equipment and infrastructure. Valencia took over the factory after the 2008 economic crash and turned it into a working campus.

        At our first stop, the welding center, a group of some twenty men in their twenties or thirties—Hispanic, Black and white, mostly tattooed—operated a dozen large, glass-enclosed advanced welding machines. Next, we watched another group at work in the large space for computer numerical control (CNC) machining and milling equipment. Then we sat down in the mechatronics class, where an instructor in a shop apron guided a group of students on computers as they followed a circuit design above them on a large screen and built circuit boards for operating advanced equipment. Even more races worked here, of many ages, and half the workers were women.

        Valencia was running short, intensive, ten- to twenty-two-week courses in advanced manufacturing fields to achieve certificates meeting Manufacturing Skill Standards Council (MSSC) standards and Veterans Affairs Department’s requirements and provide credits toward a Valencia associate’s degree. The Orlando area has a growing manufacturing sector, including in its Space Coast and defense industries, and graduates with these new Valencia certificates were being snapped up immediately by area manufacturers into full-year jobs paying twenty dollars per hour or more, with benefits—putting these students squarely on the first step of working careers that could support families.

        Beginning as a community college, Valencia—like others in Florida—was elevated to four-year-college status in response to swelling population growth. The college today offers a number of bachelor’s degrees, as well as associate degrees and a range of certificates, and in recent years accelerated its training focus with short-term certificates in the region’s expanding job sectors. But while one-third of the region’s workforce is well placed in the area’s strong knowledge economy—technology and healthcare—Shugart says “the caboose has been left off”:

        
          Roughly one-third of the area’s urban population, over three hundred thousand, are poor, often Black and Hispanic, often immigrant, and in lower-end, low-skill, low-pay services jobs that are often not full year or full time, offer no benefits, and can end abruptly. In the education world of talent, strategy leaders want to talk about a “pipeline,” but it’s the wrong metaphor. There are many who never enter the pipeline. As technology changes work, we need to train people much more quickly while they’re already working. It’s not the pipeline that gets them into the ecosystem—they’re not in the pipeline. They can’t take two years off to get into an associate’s degree program and then into the pipeline. The timing doesn’t work. Most degree programs don’t fit these skills.1

        

        Part of what Valencia is doing is gearing its two-year associate degree programs to high-skill areas and professions. But as work changes, what professions and skills are going to be required? Healthcare is growing, and Valencia has a nursing school that offers eleven professional degrees in advanced skill areas. Software development is a large new focus. Valencia may be doubling or tripling its hospitality education; skilled chefs are in high demand at nearby Disney World. The University of Central Florida (UCF)—the area state university—has asked Valencia to develop bachelor’s programs in business; adding a business degree to these other skill areas enables students to move ahead into management in the area’s strong tourism economy. Still, the bottom one-third Shugart described remains, and two-year programs don’t fit. “It doesn’t matter how high the minimum wage is set,” he says. “The bottom is too sticky and the employment is too easily interrupted.”

        Valencia Provost Kathleen Plinske argues for another pathway into the job pipeline other than two-year and four-year degrees. “There’s a huge labor force,” she says, “that can’t even get to the bottom rungs of the ladder. How can you get them on the ladder?”2 So Valencia’s new goal is to create that new pathway by educating for good jobs, to get people on that ladder that can lead to the middle class and jobs that offer year-round work with increasing benefits. And because there are very real shortages of skilled workers in the area, the college’s short, intense certificate programs aim at getting participants hired in six to nine weeks. “Imagine if, in five years, twenty-five thousand families made that leap,” Plinske adds. “That is Valencia’s education acceleration goal. It could make a real difference.”

        Accordingly, Valencia is unbundling the specific skills for its accelerated training programs that lead to industry-recognized certificates. It now offers certificates in advanced manufacturing, construction, heavy equipment, logistics, transportation, and healthcare. There is a risk here that short programs don’t provide enough depth: Participants may be job-ready, but will they be career-ready? Valencia understands this, so complementary skills can be stacked for multiple certificates, and they count as credits toward a Valencia associate degree. But the key is to get students rapidly into a work/learn environment and then into the workplace with the skills to earn a good wage—and with a path for follow-on career readiness.

        Because Valencia receives no state aid for this program, there is no state oversight, which means Valencia has been able to move quickly. Federal Pell Grants go to enrolled college degree students, so the accelerated workforce program is funded entirely by tuition. Valencia does, however, offer tuition subsidies, and it used a $2.5 million US Labor Department grant to set up the first program in manufacturing. Area employers provide much of the training equipment.

        Valencia’s six campuses share four Centers for Accelerated Training, with nearly seven hundred students in their short programs. The college aims to grow enrollment to five thousand a year, hoping twenty-five thousand students can complete these certificates by 2025. The certificate program has even been extended to area prisons, with one hundred newly released prisoners entering the program and finding jobs—and with a recidivism rate far lower than usual.

        Achieving the objective, argues Shugart, “would change Orlando.”

      
      
        Preview #2: Putting New Education Technologies to Use

        A team of sailors, each wearing an augmented reality (AR) headset, stood in front of an eighty-four-inch touch screen portraying a mobile cart—a huffer—that is used to start jet aircraft engines on carrier decks. The cart’s control panel doors were open, and a member of the team was flipping the master switch by hand and then the start switch on the touch screen to warm it up.

        The huffer is a small auxiliary turbine engine that generates high-pressure exhaust using the same fuel as the real engine. A hose led to the F/A-18 Hornet aircraft’s engine, and exhaust air began pushing through its big turbine. Jet engines need substantial airflow before they’re started; if turbine blades aren’t pushing enough air through the engine to get the revolutions per minute (RPMs) up to the right level, the “hot start” causes overheating and damage. With a $70 million aircraft at stake, the huffer team has to get it right every time.

        We watched them flip the next set of switches, first in the correct order, and then in reaction to incorrect sequences to test their ability to make rapid corrections. Then we saw the huffer fault out and watched the operators use the screen to go through protocols—in the form of instructional videos and equipment system designs that can be cued to pop up for each piece of the equipment—to repair it and make it operational again. This is how the navy now teaches sailors to start jet aircraft engines without equipment, and without the safety risks and costs of actual practice.

        Also using AR, another team at the Naval Air Warfare Center Training Systems Division in Orlando walked through the cramped quarters of a Virginia-class nuclear submarine. We watched on the screen. The crew has to live around the massive equipment—the nuclear reactor and cruise missile tubes—that take up most of the sub’s space. Some sailors have to hot bunk—using a bunk when off watch and turning it over to another when on watch.

        The team entered the engine room spaces and halted in front of the backup diesel engine used in emergencies if the reactor shuts down. They threw switches on the screen to get it operating, then shut it down, and went through a troubleshooting exercise to make repairs, with video pop-ups guiding them through the touch screen. Then the team entered the forward torpedo room and went through launch drills. This is how the navy now teaches sailors to operate a nuclear submarine, one of the world’s most sophisticated technology platforms.

        Increasingly, the United States Navy uses immersive VR (virtual reality) and AR simulations as its core training tool. Its Multiple Reconfigurable Training System (MRTS), developed for aviation training at the Training Systems Division in Orlando, is now used at the other major Navy schools, including the submarine school at Groton, Connecticut, and the aviation mechanics school in Pensacola, Florida. The navy made a deliberate choice to build MRTS on commercially available technology to save costs, enable rapid scale-up, and avoid depending on a single contractor. MRTS uses a high-end gaming computer with a widely available gaming platform, the license for which cost only $1,500—because the navy qualifies as a nonprofit organization. All told, each MRTS unit cost approximately $20,000, with the gaming computers, flat screens, VR/AR sets, and so on. Developing the software, of course, costs far more, but it is a one-time cost and can be spread over thousands of training sessions.

        The training tool is also becoming the operating tool. The navy is moving scaled-down, smaller-screen variants of these simulation systems to the points of need on ships and bases so training can be tied to actual equipment operation, using the online system in non-VR mode as the operating guide. The navy is also developing a standard and simplified software development kit so that simulations can be developed for the many different types of equipment and variants the navy uses. MRTS simulations produced equivalent results to hands-on training with actual equipment and far exceeded classroom instruction.

        Captain Wes Naylor, a retired navy pilot, former squadron commander, and former commander of the training division, says MRTS took advantage of the billions in venture capital support that developed VR and AR technology in recent years. It was developed by contractors for the training division, is owned by the navy, and as of the time of writing was in fifty navy sites.3 He cites tremendous benefits. For example, the contractor for electromagnetic catapults (replacing the old steam ones) for launching jet aircraft from aircraft carriers proposed a $100 million plus training system, but the MRTS system developed training software implemented across the navy for $12 million. A toolkit under development will allow anyone in the navy to make simulations for the MRTS system. Like real equipment, any student trainee can use the simulated equipment in an individual, nonproscribed way. Intelligent agent features are on the way that will enable individualized evaluation of each student using MRTS. This is learning by doing—with extensive instruction features built in.

        Captain Erik Etz, a Stanford-trained electrical engineer, flew F/A-18s and helped lead the development team for sensors and software on the new F-35 fighter. He’s the commanding officer of the training division and notes that its location is no accident.4 The Orlando region has become the Silicon Valley of simulation and modeling technology. All the armed services are developing comparable simulation training systems at centers next to each other and adjacent to the UCF campus, which in turn is becoming the academic center and a major talent provider for this technology. More than three hundred firms, from major defense contractors to computer gaming companies to simulation start-ups, belong to the National Center for Simulation, the active area trade association. The cluster was built around the $4.8 billion annual defense budget spent locally for training simulations, but is expanding beyond it, including into medical simulations. The Veterans Affairs Department is building a new medical simulation training center nearby.

        Will the military’s new education technologies eventually transfer into the civilian sector? The prospects for learning by doing in immersive learning environments is truly startling from an education perspective. Imagine learning about ancient Egypt by participating in building the pyramids; it could be transformative. But the first adopters may be in workforce education, where learning by doing is paramount and where the risk, cost, and safety challenges of using actual equipment are often high. It will require moving simulation and modeling technology from the military into mainstream workforce education.

      
      
        Preview #3: Collaboration between Federally Supported Programs

        Someone once called interagency cooperation a contradiction in terms, but we found an exception at the state level when we spoke with Marilyn Barger and Richard Gilbert, the founders of Florida Advanced Technological Education (FLATE); Andra Cornelius, senior vice president, and Dehryl McCall, workforce development director, for CareerSource Florida; and CEO Kevin Carr of FloridaMakes—who convened the discussion.

        FLATE is a National Science Foundation (NSF)-supported Advanced Technological Education (ATE) program working with Florida’s community and state colleges. CareerSource Florida is the state’s nonprofit workforce policy and investment organization; its business and government leaders and professional staff guide and support workforce development in Florida, backed by US Labor Department funding.5 FloridaMakes is the Manufacturing Extension Partnership funded by the National Institute of Standards and Technology (NIST, part of the US Department of Commerce) and the state of Florida to provide technical outreach to the state’s 20,600 small manufacturers.

        Why were these three programs, sponsored by very different federal agencies, talking? The answer can be found in a few more details of what they do and in the example that connecting their dots might provide for collaboration elsewhere.

        FLATE has received recognition for creating an industry-defined and industry-endorsed two-year engineering technology degree that integrates national skill standards and is now offered in twenty-three of Florida’s twenty-eight state colleges and community colleges; enrollment in the degree reached two thousand in 2018. It has developed frameworks for twenty different certificates within the engineering technology associate degree and ten specializations in manufacturing skill areas offered at these schools. All this was done in collaboration with manufacturing companies, trade associations, and government agencies across Florida.6 FLATE’s industry and community college partners leveraged more than $80 million in state and local workforce funding for its programs.

        Here’s how the engineering technology associate degree works. The program prepares students for skilled jobs in manufacturing and other high-technology industries. Students in the first year take classes in introductory computer-aided drafting, electronics, instrumentation and testing, process control and materials, production quality, and safety—core skills that align with the national MSSC’s portable production technician certification that many Florida manufacturers recognize. In the second year, students focus on a technical specialization. A valid MSSC credential also translates to fifteen credit hours for the engineering technology technical core in any of the schools offering the degree in the state. So the credentialing works both ways: having the MSSC certification translates to credit at the state’s community and state colleges, and the degree translates into recognized MSSC job qualifications.

        FLATE also runs a training program supported by CareerSource Florida’s Quick Response Training grants; since the 1990s, these have assisted seven hundred plus Florida employers train more than 120,000 employees in specialized fields.

        FloridaMakes, as the state’s Manufacturing Extension Partnership (a program funded throughout the country by the US Department of Commerce’s NIST), works to bring technology and process advances to Florida’s small and midsize manufacturing firms and, with the state’s fourteen regional manufacturing associations, is developing an overall strategy for the state’s growing manufacturing sector. A major goal is to significantly increase the productivity of that sector; the state ranks thirtieth in productivity in the United States.

        Part of all this involves connecting the dots with FLATE through a merger that will link the manufacturing certificate programs at the state’s community colleges much more directly to manufacturing industry workforce needs and employment. Workforce education is at the center of a strategy to raise manufacturing productivity: a talented workforce ready to work with the latest technology advances is the best way Kevin Carr sees to grow productivity, and the much more direct link between the state’s small manufacturers and the community and state college programs initiated by FLATE is the way, he believes, to achieve this. FLATE is already one of the most well-regarded state ATE programs.

        Together, they will expand their mission to include a big new area—apprenticeships. Carr contrasts what FLATE can do with the multiyear, time-based German model that he says is hard to adopt in the United States: “Manufacturers here aren’t that patient. They don’t want to wait three or four years for employees; they don’t have the resources to sustain this timeframe. They want highly adaptable programs for shorter periods designed in a custom way to meet their needs. . . . FLATE is already piloting approaches in Polk County, in addition to what they’re already doing with certificates, where they’re using a mix of some community college classroom courses, tooling, and some on-site courses at manufacturers. We need a new apprenticeship approach that works in Florida.”7 An alliance between FLATE and FloridaMakes, with its links to manufacturers and the regional manufacturing associations, makes possible a new synergy and way to scale FLATE’s education programs. To Carr, that’s the logic behind connecting the dots.

        CareerSource Florida is the third dot. It can use a modest part of the state’s share of Workforce Innovation and Opportunity Act (WIOA) funding, the federal government’s primary workforce development legislation, to reimburse employers for a substantial portion of their training costs—up to 75 percent for small companies to increase skill levels. That would enable small manufacturers with limited resources and trainees to afford the new kind of apprenticeship and workforce training FloridaMakes and FLATE envision. CareerSource’s existing manufacturer leadership council would serve as a common advisory mechanism for the effort across the three organizations.

        Federal-level funders tend to be siloed. In Florida, they’re being brought together. The week before we spoke with this group, their three organizations had brought employers (including manufacturers), state program officials, federal agency representatives, and community and state college administrators together for Florida’s first-ever summit on apprenticeships.8 The trio is clearly off to a start. Could this kind of collaboration work in other states?

      
      
        The Problem

        We have previewed three examples of emerging approaches to workforce education. Valencia College is implementing short, intense training programs with industry-accepted certificates tied to industry needs. The aim is big: help move a region’s underclass onto a ladder toward the middle class. The navy is experimenting with a suite of new technologies that could enable a new type of immersive learning by doing, a key to workforce education. Also in Florida, three entities supported by three different federal agencies are attempting to join programs. FLATE’s technical training courses, developed with industry players and taught in community colleges, will join FloridaMakes in 2020, using its connections to bring new talent to small and midsize manufacturers to improve their efficiency, with CareerSource contributing a funding mechanism to help both put new designs from a new linked system in place. Ultimately, these three approaches—short-term skill certificates, new immersive technologies, and tying community colleges more closely to employers with funding support—could even be combined.

        All three new programs are working, with promising initial results, but none is fully tested. All three represent hypotheses, not full theories backed by all the needed evidence. All three confront deep problems in workforce education: Valencia’s short program could reach displaced workers and the underemployed; the navy’s development at its Orlando training division of new VR and AR technologies could move training closer to learning by doing; and efforts in Florida to strengthen the connections among federal workforce programs could deliver better training. Results from these programs need fuller examination before scaling up to broad application; we need to show more clearly that they move participants into better, higher-paying jobs with longer-term prospects and that the new training experiences better prepare workers for jobs.

        Like many other experiments this report highlights, these three programs are aspirational. But hypotheses remain quite important: without ideas, there are no solutions. And these programs are not just policy notions; they are working models being tested. Reform of workforce education is only now being recognized as a need, but new working models—new hypotheses—are coming to bear. We don’t have many proven theories yet, but the hypotheses deserve illumination. Social policy proceeds through replicating demonstrated models. This work aims to collect new models.

        Florida is not alone in experimenting. New kinds of workforce education are beginning in many states; we highlight many other examples in the chapters that follow. All these efforts are aimed at solving a big social disruption. Manufacturing was once a critical route to the middle class for those with high school educations or less,9 but the United States lost one-third of our manufacturing jobs—5.8 million—between 2000 and 2010. By 2018, only about 18 percent had come back.10 The largest manufacturing job losses are those lost to international trade,11 coupled with a general hollowing out; some sixty thousand factories were closed from 2000 to 2010.12 Automation hasn’t been the major factor thus far.13

        Retail is another sector in decline. Its underlying problem is that the nation has overbuilt retail space, but online commerce has also reshaped the flow of goods, replacing store jobs with warehouse jobs. In warehouses, meanwhile, robots and automation are taking on significant roles.

        Because manufacturing is the largest job multiplier—manufacturing jobs create many more jobs compared to service jobs—the effects of these job losses rolled through other sectors of the economy. They were not geographically uniform; some communities suffered more than others. Nationwide, the median income of men who never graduated from high school dropped precipitously, as did income for men with high school diplomas or some college.14 Women without a high school diploma also experienced a serious median income decline, while the median income of women with a high school diploma stagnated. The numbers of workers without a college education who dropped out of the workforce during this period hit historic highs. Only slightly more than half of prime working-age men without high school diplomas worked in full-year, full-time jobs, and more than a quarter did not work at all.15 The economic disruption from the coronavirus may exacerbate all these problems.

        In sum, a significant part of the workforce is being left behind. Healthcare services are a growing sector offsetting declines in other sectors, but it needs more trained technicians to field new medical technologies at scale and is hindered by various barriers to entry. Meanwhile, our workforce is increasingly polarized, income inequality is growing, and the middle class has been in decline. Even with unemployment at the beginning of 2020 at below 4 percent, many workers faced a job quality problem: they tend to be stuck in lower-end service work lacking benefits. The coronavirus recession has worsened both job availability and job quality.

        
          Upskilling

          Manufacturing is a particularly good marker for what is going on because of its historic role in leading productivity gains. It is no longer dark and dirty; factories look more and more like clean labs. New production jobs involve upskilling.

          In essence, US manufacturing workers fall into three categories.16 Lower-skill assemblers and basic production workers once dominated, but we have had two decades of significant growth in the high-skill category (often called middle-skill) that includes machinists, technicians, welders, and other skilled workers; there’s also a very high-skilled category of engineers, researchers, and scientists. Middle-skill jobs are generally defined by the educational level required: some postsecondary education, including an associate’s degree or certificate, or, alternatively, significant certified training—an imperfect but workable measure used as a proxy for actual skill.17 All this illustrates part of a remarkably swift shift in US labor markets: required skills are moving steadily upscale in the overall economy.18

        
        
          The Education Divide

          People with the right skills can command a wage premium when advancing technology creates rising demand for those skills. It is the absence of those skills that best explains the growing income inequality in the United States. How real is this income inequality? As table 1.1 shows, real median income was stagnant between 2000 and 2016.

          Both wealth and income in 2016 were highly concentrated in the top 1 percent and top 10 percent of the US population, as table 1.2 shows.

          The upper class and upper middle class are thriving; the rest are not. These trends are accelerating: the share of wealth owned by the bottom 80 percent fell from 18.7 percent in 1983 to 11.1 percent in 2010.19

          The clearest sorting mechanism for understanding these differences is a college education. The thriving upper middle class has it and captures the increasingly sophisticated tech jobs; the rest of Americans do not.20 The lifetime earning differential for those with college educations is dramatic, exacerbated by the increase in lower-end, lower-pay service jobs that many with lower skills who lost middle-income jobs have been forced to take.21 Those without the education and higher skills will continue to fall far even further behind the advancing technological curve.

          Table 1.1

          US real median family income

          
            
              
                	1955
                	2000
                	2016
              

            
            
              
                	
                  $35,442

                
                	
                  $72,417

                
                	
                  $72,277

                
              

            
          

          Source: US Census Bureau, “Real Median Family Income in the United States” [MEFAINUSA672N], FRED, Federal Reserve Bank of St. Louis, August 5, 2019, https://fred.stlouisfed.org/series/MEFAINUSA672N.

          Table 1.2

          Distribution of income and wealth in the United States (2016)

          
            
              
                	
                
                	Top 1%
                	Next 9%
                	Bottom 90%
              

            
            
              
                	
                  Before-tax income:

                
                	
                  24%

                
                	
                  27%

                
                	
                  50%

                
              

              
                	
                  Wealth:

                
                	
                  39%

                
                	
                  39%

                
                	
                  23%

                
              

            
          

          Source: Chad Stone, Danilo Trisi, Arloc Sherman, and Roderick Taylor, A Guide to Statistics on Historical Trends in Income Inequality, Center on Budget and Policy Priorities, December 11, 2018, figure 4 (numbers rounded).

        
        
          The Training Problem

          A strong system of workforce skills training could make up for this college education divide. But US labor markets generally invest in suboptimal levels of broad skills training22 because after one company trains people, competitor companies often acquire those trained employees, and thus the first company fails to recapture its training investment. So employers who do provide training have tended to build their programs around very specific skills needed only by their firms and that are more valuable for them than for their competitors. This is a clear market failure. Reflecting this, data suggest corporate investment in workforce training has declined since the 1990s23—a significant problem for American workers. Government investment in workforce education has also been in decline.24 No one is throwing American workers a lifeline; they are increasingly stuck in place.

        
        
          Automation

          Is automation and the productivity gains it enables causing all these problems? While predictions grow of the imminent end of jobs and corresponding societal dystopia stemming from the combination of robotics, artificial intelligence (AI), machine learning, the Internet of Things, and so on,25 they seem premature.

          US productivity—in the 1 percent range—and capital investment rates reported in 2017 were at very low levels.26 Even if major new automation got us to a sustained 3 percent productivity rate (which we haven’t seen since the information technology (IT) innovation wave in the 1990s), it would take a quarter century to realize a 75 percent improvement in productivity.27 Work will not end tomorrow; we have some time to adjust our workforce. The sky is not falling, but change is coming. Workplaces will continue to shift to higher levels of digital technology, and too many workers lack the associated skills. But because key parts of the workforce have already been disrupted, largely by trade displacement, an upskilling is now underway. Over time, the new technologies will eliminate jobs, but more jobs will likely change and new jobs will be created.28

          In other words, upcoming technology challenges don’t make improved workforce education hopeless. They make it a necessity.

        
        
          Taking Up the Workforce Challenge

          A consensus around the need for improved workforce education is growing. We’re not going to send displaced steel workers or incumbent retail workers to four-year colleges, but we can build systems to give them and others the skills they need to move toward quality jobs and back onto middle-class pathways. Workforce education may well be the best alternative to solving the country’s growing income inequality. The public policy landscape for “good job” creation and, therefore, tackling inequality—as Dani Rodrik has discussed—falls essentially in three areas: preproduction (of a good or service), production, and postproduction.29 There is a long history of industrial policy that in the United States has focused on two areas: early-stage innovation (through R&D support), which has been preproduction, and industry support justified primarily around a defense technology mission, which has been at the production and postproduction stages, although it has not focused on the production process itself. This has provided new technologies that historically have created jobs. But there is another dimension of governmental policy that operates in a complementary way: the workforce side. In the preproduction area, policies historically have been in the areas of support of higher education and workforce development programs. In the production area, policies have ranged from minimum wages to labor laws to protections in trade agreements. In the postproduction area, policies have included income transfers (though the Earned Income Tax Credit), safety net programs (such as unemployment insurance), and wealth taxes. The policy focus here is on one of those areas—workforce development. It is not the only policy option, but is likely one for which the most political support can be nurtured and where policy, because the current system is highly problematic, can have a substantial impact. Various forms of income redistribution have lately been under discussion (such as a universal basic income), but those alternatives seem highly unlikely and don’t get to the root skills imbalance.

          The signs of that growing consensus around workforce education include bipartisan congressional passage in 2018 of a major reauthorization of the Perkins Act, which supports federal training programs.30 The president in 2018 issued an executive order promoting apprenticeships.31 The US Chamber of Commerce has launched a new workforce education program built around regional consortia of employers.32 Community colleges are developing new certificate programs, new online training programs are evolving, and the US secretary of labor’s Workforce Information Advisory Council in early 2018 proposed a major revamping of the information systems behind our problematic labor markets.33 In a period of profound political divide, workforce education is an exception. The disruption from the coronavirus as well as antiracism protests could be a further incentive. The public, the private sector, and even the political system appear ready for change.

          This book focuses on the American working class—a term many stopped using beginning in the 1960s, when we began pretending we were all “middle class.” Part of the American dream was that each succeeding generation would be better off, more economically successful, than the last. The middle class was the bulwark of our democracy, the basis for a consensus-based political system. But the erosion of the middle class accelerated after the turn to a new century, paralleling in significant part the decline of manufacturing. We now have growing economic inequality, not economic convergence, with the upper middle class thriving and most everyone else falling behind economically.

          Who is in the working class today? One practical definition, based on Census Bureau data, suggests it is the forty-four million adults who lack an associate degree level of education and earn less than $35,000 per year.34 This gives us a rough sorting mechanism for those who lack the education, skills, and credentials to earn adequate income to support themselves and their families. Half of these people are likely to live in poverty.35 Only 11 percent of these working-class Americans earn a bachelor’s degree by age twenty-four.36 Only two of every twenty-five children born in lower-income households ever reach the top quintile of the economic ladder.37 They are of all races and ethnic groups.

          They are being left behind. They need a new workforce education system. Without action, their situations will deteriorate. The jobs of the future—indeed, more and more jobs of today—require significantly more education and training than they have.

        
      
      
        The Story Ahead

        This book addresses all the issues you’ve just read about and related ones, from the decline of manufacturing (as well as trade and productivity issues) to retail change—including how this happened and what lies ahead. We address quality job growth, workforce education challenges, and new approaches like those in Florida.

        First is the story of a disrupted working class. Chapters 1–6 confront the societal challenges our nation faces. We look more closely at who gets ahead and who gets left behind in the current system and elaborate on the extent of the social disruption, growing income inequality, low rate of workforce participation, upskilling of the workforce, rise of educated workers (including the protected role held by the college educated), upper middle class and working class divergence, and public attitudes toward all this.

        The breakdowns in today’s workforce education are a focus. We examine all the major actors in the current problematic system and review the disconnects and gaps between the actors and the problems they have in scaling up their efforts to make an overall impact. Beyond that, we take up technological change in the workplace. How will the current workforce cope with new digital technologies and robotics? How must the workforce education system respond?

        Three major sectors—manufacturing, healthcare, and retail—amount to about one-third of the American economy, and we examine them in part because our general well-being will largely be determined by evolutions in each. We already know manufacturing requires a renewed focus; an important part of its renewal will be improved productivity and efficiency to compete, and a more productive workforce will be crucial to that story. As suggested earlier, the massive US retail sector has been in decline in recent years. We delve into what will happen to workers in this retail sector, what opportunities may arise in the healthcare sector, and the challenges facing both.

        This first part of the book closes with a discussion of our broken labor market information system, which makes for a weak and poorly functioning labor market with limited information available to participants and employers. A new navigation system is needed.

        Beginning with chapter 7, we pivot to exploring solutions to the workforce dilemma that may be on the horizon and develop a model for a new, more connected system for workforce education. In its six chapters, we examine the role of colleges and universities in workforce education, including the declining support for higher education in business and political circles and the sector’s own resistance to disruptive change of the sort needed to educate for the workplace and provide career skills. We explore new education technologies and the many new education-delivery systems—including online education, virtual reality, augmented reality, artificial intelligence, digital tutors, and computer gaming—that present dramatic new learning opportunities. How could they contribute to workforce education, with its requirement for learning by doing? How do they fit into new learning models and into established education and training institutions?

        In our discussion of education content, we shift the current focus on education for the skills needed in the workplace to the five training competency categories defined by the US Department of Labor: personal skills, academic competencies, workplace competencies, industry-wide technical competencies, and occupation-specific technical competencies. We also set out the possibility of a new apprenticeship model, comparing the limited apprenticeship history in the United States (primarily in the construction trades) with Germany’s well-known system and its intricate collaboration among employers, educators, and government, which has cut youth unemployment and largely ensured a solid transition to work. We also look at interesting new apprentice models emerging in this country.

        When we confront the content-delivery challenge, we scrutinize emerging models and explore what would be the new mechanisms for meeting the challenge with displaced, out-of-work workers or underemployed workers in lower-end services jobs; existing workers wanting to upskill; and new job entrants, just out of high schools or community colleges, who are seeking work. What partnerships among community colleges, universities, employers, apprenticeship offerings, and manufacturing institutes could reach each community? How can we create a new workforce education system? Policy advance requires demonstrated models that can be scaled up to affect society. Of the models we identify, many have been well tested while others require further evaluation. But all are operating.

        Our book ultimately aims to pull together all these strands and form them into a coherent policy approach. We close in the final chapter with a roadmap to a new system of workforce education we believe is critical if our nation is to successfully tackle the many adverse societal challenges we analyze.

      
    
  
    
      
        2

        The American Working Class: Economic Decline and Growing Inequality

      
      Southeast Chicago was once among the world’s largest steel-making regions. Beginning late in the nineteenth century, steel mills lined Lake Michigan, employing hundreds of thousands of workers. The mills and surrounding community pulled in immigrants from across the globe, looking for better lives.

      That all began to change in the 1980s. One by one, the mills closed, and tens of thousands of jobs were lost, leaving the local economy in ruins. As plants were torn down, the land they sat on became a toxic dead zone from industrial pollutants. Eventually, the area was forgotten, as if its former residents had become invisible. The exit ramp off the interstate is numbered zero.

      Christine Walley, an MIT anthropology professor, grew up in the neighborhood. In 2017, she and her filmmaker husband Chris Boebel made a documentary film, Exit Zero,1 that tells the story of Southeast Chicago from its nineteenth-century origins to the unionization battles during the Depression and through the shutdowns, weaving in her family’s story. It’s an epitaph for a lost order.

      The film opens with footage of nighttime cargo ships on Lake Michigan and Christine’s voice-over:

      
        Early one morning when I was fourteen, my mother stepped into my bedroom and shook me awake. “Don’t worry,” she whispered to me, “It’ll be ok. They called the ore boat back. It’ll be alright.”

        I had no idea what she was talking about or why a boat with oars would be called somewhere. Later, I found out she was talking about a giant freighter on Lake Michigan that carried iron ore to the steel mill in Southeast Chicago where my father worked as a shear operator. The Coast Guard had been sent out to stop the ship from delivering its cargo because the banks were about to foreclose on the mill, throwing my father and thousands of others out of their jobs. I didn’t know it then, but that moment in March 1980 was a crucial moment, dividing our lives into the moment before the mill shutdown and after the mill shutdown.

      

      Christine’s father never found full-time work again; her mother took a part-time job as a bookkeeper at a toxic waste site to pull the family through. Like a soldier unable to talk about a war, her father—interviewed throughout the film—is never able to talk about his lost job.

      Janesville tells a similar story.2 The small Wisconsin city lost its General Motors (GM) plant and its seven thousand jobs two days before Christmas in 2008. It hit all of Janesville. The plant closing reverberated deep into the entire social fabric of the once thriving community. Companies that supplied the GM plant gradually failed, taking their jobs with them. Roofing companies closed because families couldn’t afford to get roofs fixed. With a declining tax base, social services were cut back just when they were most needed. School funding was slashed. Private charity fell off.

      The local community college was awash with former GM workers looking for retraining; it had to battle to provide services needed for the flood of older students. Most had limited education and struggled to adapt to being full-time students. Job-retraining programs helped some but frustrated others; too often, workers went through training only to find there weren’t enough quality jobs left in the area to go around. Of 1,800 students in Janesville’s high school, two hundred were using a teacher’s secret food closet to stave off hunger. By 2017, unemployment in Janesville was down from 13 percent to 4 percent, but at the cost of a new normal. A new Dollar General distribution center opened, but union jobs were gone. Service jobs typically paid half the salary of the old GM jobs.

      Amy Goldstein, Janesville’s author and a Pulitzer Prize–winning reporter for the Washington Post, began covering what was happening to Janesville families in 2011. She had to take leave from her job to keep covering the painful saga of wrenching economic and social disruption; otherwise, it would be invisible.

      The Southeast Chicago and Janesville stories are largely about white working-class Americans. Production decline, though, is not only a story of white working-class decline; it also blocked what had been a crucial pathway into the middle class for minorities.

      In the 1940s, with the World War II mobilization, growing numbers of industrial jobs became available for men with high school diplomas or less in many Midwest and Northeast cities. These jobs spurred a massive, thirty-year emigration of poor Blacks from the South for jobs in auto, rubber, steel, and other heavy industries, which enabled a significant number of Black families to gain a foothold in the lower middle class. These were often union jobs with benefits and employment protections. When a global shift in the manufacturing sector began in the 1970s and these jobs declined, many lost that foothold and slid into what became a social underclass.3

      Today, African Americans hold some 10 percent of manufacturing jobs and Hispanics some 16 percent. Although Hispanics held a larger share of manufacturing jobs in 2016 than they did in 1991, reflecting an overall population rise, Blacks lost 30 percent of their manufacturing jobs in the same period.4 The effects of manufacturing job losses on both these communities were dramatic.

      Writing in 1987, noted sociologist William Julius Wilson found that the obstacles poor African American workers faced in their neighborhoods were particularly difficult because they were a mix of race- and class-based. He saw class growing in importance, strengthening economic and educational disadvantages and inequalities and often paired with industrial decline to create what he termed a spatial mismatch that led to the development of a ghetto underclass.

      The disappearance of industrial jobs from large cities in the 1970s and 1980s increased unemployment and created a host of social problems. There was, for example, a disincentive for marriage because fathers faced limits on their ability to become breadwinners—which multiplied single-parent households. Wilson was advocating a broad public policy agenda to improve the life chances for this community, including comprehensive educational, community, and human service interventions—and particularly training and retraining to address essential skill development.

      
        What the US Class and Political Divide Tells Us

        The work from 2005 of noted US political economist Benjamin M. Friedman provides a key rationale today for workforce education. He argues that conventional economic thinking about growth has been too narrow because it fails to consider its moral and political dimensions. A rising living standard, he contends, not only improves how individuals live, but also shapes “the social, political and ultimately the moral character of a people.”a He identified a clear pattern in the historical relationship between economic growth and social values: During periods of rising economic prosperity, people tend to be more tolerant, optimistic, egalitarian, willing to settle disputes peacefully, and inclined toward democracy. By contrast, periods of stagnation and recession tend to breed pessimism, nostalgia, xenophobia, and violence, and lead to a search for demagogues and intolerance for pluralistic democracy.

        Growth, then, carries with it a critical and massive positive externality—the political and social dimensions that drive the basic fabric of a society. While economists, with their dependence on metrics, can’t plot these landscapes as they can markets, Friedman shows that this moral and political dimension of growth or decline is every bit as real.

        While America’s upper middle class is thriving in twenty-first-century America and has an expansive, optimistic view, the working class feels economically cornered and is unwilling to risk competition from minorities and immigrants. This makes Friedman’s concern a critical pursuit. The 2016 US presidential election brought this home; some 90 percent of communities most affected by jobs lost through trade voted for Donald Trump.b

      
      aBenjamin Friedman, The Moral Consequences of Economic Growth (New York: Knopf, 2005), 4.

      bJoseph Parilla and Mark Muro, “Where Global Trade Has the Biggest Impact on Workers,” Brookings Institution, December 14, 2018, https://www.brookings.edu/blog/the-avenue/2016/12/14/where-global-trade-has-the-biggest-impact-on-workers/. See also David Autor, David Dorn, and Gordon Hanson, A Note on the Effect of Rising Trade Exposure on the 2016 President Election, paper, March 2, 2017, http://economics.mit.edu/files/12418.

      
        The Overall Economic Backdrop

        The growth in US gross domestic product (GDP) since the end of World War II can be divided into three periods.5 From 1945 to 1975, the United States dominated world technology development and correspondingly had the world’s highest productivity economy; GDP growth was close to 4 percent. But that declined to 3 percent during the next three decades, with some periods in the 2 percent range, as Japan and Germany implemented strong manufacturing economies and as global competition grew. In the decade following the 2007 recession, GDP growth fell to 2.1 percent—a decline of nearly half from that postwar period economists sometimes refer to as the “thirty glorious years.” Although the 2020 coronavirus pandemic has created additional disruption, that’s roughly the overall range where the US Federal Reserve has been projecting it will remain for some time.

        Household income is a component of GDP, so it comes as no surprise that the US real median household income since the 2007 recession has been stagnant. At the same time, overall wage growth has been anemic.

        What’s behind these developments? It is axiomatic from growth economics that economic growth is driven predominantly by technological and related innovation.6 Despite sharply increased global competition, federal growth-inducing investments in research, technology, and the innovation system have been neglected for two decades.7 Instead, policymakers have relied almost entirely on low interest rates and stimulating demand through fiscal policy, with the effect of multiplying borrowing and speculation in real estate and stocks. That’s what led to a nearly disastrous Great Recession of 2008 from which we seem not to have learned. Fiscal tools are important but are not the only ones. A lack of productivity-enhancing investment takes a toll on growth.

        Table 2.1

        Federal unemployment data for October 2019

        
          
            
              	Category
              	Description
              	Unemployment rate
            

          
          
            
              	
                U3

              
              	
                Unemployed, actively seeking full-time work

              
              	
                3.6%

              
            

            
              	
                U6

              
              	
                Unemployed (U3) plus underemployed and recent dropouts from labor market

              
              	
                7.0%

              
            

          
        

        Source: Macrotrends, U6 Unemployment Rate, October 2019 (citing US Bureau of Labor Statistics data), Bureau of Labor Statistics, Economic News Release, “Employment Situation Summary,” October 2019, released November 1, 2019, https://www.bls.gov/news.release/empsit.nr0.htm.

        Current growth policies are unlikely to change this wage and household income situation significantly; 2 percent growth can’t overcome stagnation in wages or the standard of living for the bulk of the population, and stagnation jeopardizes the ability of the federal government to meet expanding Social Security and Medicare commitments.8 It seems US policymakers have forgotten growth economics.

        Then there’s the question of unemployment. Table 2.1 shows the federal government’s figures at the end of 2018.

        That low 3.9 percent figure (although it has been disrupted by the coronavirus) had not been seen since 1969. But it was the U6 rate, twice the U3 rate, that was of the most interest.9 It includes as unemployed those who had recently given up looking for work and those working part time but wanting to work full time. The differential suggests a continuing level of underemployment. There is also likely higher unemployment in the “shadow” economy of undocumented immigrants, which is not counted. Youth employment has improved in recent years but is still three times higher than the general joblessness rate and more severe for racial and ethnic minorities. In other words, there is a lot of nuance in the employment story.

        
          [image: ]

          Figure 2.1

          The impact of occupational employment. Source: Authors’ rendering, after David H. Autor, “Polanyi’s Paradox and the Shape of Employment Growth,” Proceedings of the Federal Reserve of Kansas City, August 2014, 142.

        
      
      
        The Barbell

        When economist David Autor, our MIT colleague, graphed occupational employment in a series of charts, he found the data took on what he called a barbell shape. Using an actual barbell image (figure 2.1) shows quite vividly what has been happening in American labor markets.10 At one end, the upper middle class has been thriving. Across the bar, the middle class is thinning out. A significant portion of the middle class is losing its place and being shunted toward the other end, which represents a growing lower-paid, lower-end services sector.

        The income numbers bear out Autor’s barbell shape, as table 2.2 shows.

        While the lowest quintile received a gain comparable to the upper middle class, it was largely because of increases in government-provided health care benefits. Access to more healthcare services may count as income, but it’s not money in people’s pockets. And despite this, life expectancy has been declining in the United States, particularly among those with lower incomes.11

        What declined were middle skill jobs. Examining a third of a century, Autor identified ten broad occupational categories and found that four core middle-skill occupations—production worker, sales, office worker, and machine operator—accounted for 60 percent of American jobs in 1979.12 By 2012, these categories had fallen to 46 percent. Meanwhile, in three services areas—personal care, food and cleaning service, and protective service, all jobs that involve caring for or assisting others—jobs have grown rapidly in the past thirty years, growing by double digits in the 1990s and in the prerecession period of 1999–2000. These jobs, which have low education requirements (no postsecondary education) and offer low pay, grew even during the recession and immediately thereafter (2007–2012). Meanwhile, at the high end—managerial, professional, and technical occupations—most workers had four-year college degrees and were highly paid. This, too, has been an expanding sector, with robust growth between 1979 and 2012. Even during the Great Recession and its aftermath, these categories experienced almost no decline in employment.

        Table 2.2

        Increases in income, by quintile of population

        
          
            
              	Income level
              	Increase in income, 1979–2015
            

          
          
            
              	
                Top 1%

              
              	
                242%

              
            

            
              	
                Top quintile, minus the top 1% (eighty-first to ninety-ninth percentile)

              
              	
                78%

              
            

            
              	
                Bottom quintile of income (first to twentieth percentile)

              
              	
                46%

              
            

          
        

        Source: Richard V. Reeves, “Restoring Middle-Class Incomes: Redistribution Won’t Do,” Brookings Institution, November 20, 2018, https://www.brookings.edu/blog/up-front/2018/11/20/restoring-middle-class-incomes-redistribution-wont-do/?utm_campaign=Economic%20Studies&utm_source=hs_email&utm_medium=email&utm_content=67840211; Congressional Budget Office, “The Distribution of Household Income, 2015,” November 8, 2018, https://www.cbo.gov/publication/54646.

        The coronavirus has introduced an additional problem. The middle-skill workers who have lost their skilled jobs and find themselves in lower-skilled service jobs may find themselves with no jobs at all, given the massive layoffs in the services sector. The low-end services bell of the employment barbell has begun to break up during the pandemic.

        These statistics paint a picture of wage polarization, of a middle class thinning out. The United States faces a jobs crisis because far too many jobs fall below a standard that most Americans would view as good and decent work. A quarter of working adults are stuck in jobs that don’t provide living wages, health insurance, or expectations for upward economic mobility, a status that crosses all races and ethnic groups, including native-born and immigrants.13 These are the jobs on the right side of the barbell in figure 2.1, and too many along the bar are moving in that direction.

      
      
        Wage Stagnation and Decline

        The United States has had minimal growth in median hourly wages since 1980—stagnation with very real implications for the US economy, both in terms of individual living standards and the country’s overall macroeconomic growth. As table 2.3 shows, since 1950 we have had lower increases in compensation, and median household income has been stagnant for two decades. Wages have gone up for the top level of income distribution but have fallen for those in the bottom. So between 1979 and 2016, real wages in the top fifth of income grew 27 percent, the next fifth grew 12 percent, and the bottom fifth fell slightly over the same period.14

        Table 2.3

        US real hourly compensation (nonfarm business sector) and median income

        
          
            
              	Date
              	Annual increase in real compensation per hour
            

          
          
            
              	
                1950–1980

              
              	
                2.8%

              
            

            
              	
                1981–2005

              
              	
                1.3%

              
            

            
              	
                2006–2016

              
              	
                0.6%

              
            

            
              	
              
              	Median income
            

            
              	
                1999

              
              	
                $58,665

              
            

            
              	
                2016

              
              	
                $59,035

              
            

          
        

        Source: Gregory Tassey, “Make America Great Again: Investing in Research, Technology Development, Worker Training, and Modern Technological Infrastructure Is the Only Prescription That Will Maintain the Health of the US Economy,” Issues in Science and Technology, Winter 2018.

        The widening inequality between top and bottom was not the way the US economy worked in the first thirty-five years of the postwar period. Overall income growth (including both labor and capital income) benefitted the lower end of the distribution from 1946 through 1980.15 Incomes rose faster in the bottom half of the income distribution than in the top 10 percent or top 1 percent. Since 1980, that process reversed. This is reflected in the share of US economic output received by workers, which declined between 1974 and 2017, from 64.5 percent to 56.8 percent. And, as the barbell image suggests and table 2.4 details, less educated male workers have faced a particularly troubled earnings picture: more of them worked during that period in lower-paying jobs, and their earnings fell in every occupational category except technician. Could it be an echo of some of those earlier concerns about an underclass?

        To understand all this, we also need to look at the different wage effects for men and women; both groups face significant wage problems. Table 2.4 shows the decline in median income for less educated men between 1990 and 2013; women without a high school diploma or with a high school diploma and some college also had a drop in median income, although at considerably lower rates than men. Over a longer period, between 1979 and 2016, the wages of white, Hispanic, and African American men were stagnant or fell over time, while women appear to have gained ground during the same time. But underlying problems offset those gains. White women have seen a wage increase of 34 percent, while Black and Hispanic women experienced lower growth at around 17 percent. However, although the gap has been narrowing—in part due to growing educational attainment for women—their wage levels remain significantly below those of men. The remaining gap is more related to the fact that women are still being paid less, and promoted less, than men.16

        Table 2.4

        Changes in median income and type of work for less educated men, 1990–2013

        
          
            
              	By education level
              	Change in median income
            

          
          
            
              	
                Men without high school diplomas

              
              	
                20% decline ($31,900 to $25,500)

              
            

            
              	
                Men with high school diplomas or some college

              
              	
                13% decline ($47,100 to $40,700)

              
            

            
              	By education and middle- and lower-paying jobs
              	Share of middle- and lower-paying jobs
            

            
              	
                Working men without high school diplomas in middle-paying jobs (machine operators, construction workers, etc.)

              
              	
                15% decline (from 40% to 34%) of these men in middle paying jobs

              
            

            
              	
                Working men without high school diplomas in lower-paying jobs (food, cleaning, groundskeeping, etc.)

              
              	
                47% increase (from 11% to 21%) of these men in lower-paying jobs

              
            

          
        

        Source: Melissa S. Kearney, Brad Hershbein, and Elisa Jacome, “Profiles of Change: Employment, Earnings and Occupations from 1990–2013,” Hamilton Project report, April 20, 2015, http://www.hamiltonproject.org/assets/legacy/files/downloads_and_links/Employment_Earnings_Occupations_Changes_1990-2013_FINAL_1.pdf.

        Displaced workers who lose their jobs because of plant closings or cutbacks face particularly serious problems: their lost earnings tend to be large and continuing. Studies indicate that, in recent decades, displaced US workers see their earnings decline by 25 percent or more after they lose their jobs. A decade later, their earnings remain depressed by 10 percent or more compared to their wages at their prior job.17

        Table 2.5

        The college education income premium

        
          
            
              	Year
              	Education level (ages 25–54)
              
              	Income level (compared to high school education)
            

          
          
            
              	
                1979

              
              	
                Bachelor’s degree

              
              	
                134%

              
            

            
              	
                Advanced degree

              
              	
                154%

              
            

            
              	
                2016

              
              	
                Bachelor’s degree

              
              	
                168%

              
            

            
              	
                Advanced degree

              
              	
                213%

              
            

          
        

        Source: Jay Shambaugh, Ryan Nunn, Patrick Liu, and Greg Nantz, “Thirteen Facts about Wage Growth,” Hamilton Project report, September 24, 2017, https://www.hamiltonproject.org/assets/files/thirteen_facts_wage_growth.pdf.

        Several factors spur this growing wage inequality. Education differences are an important part of the story; there is a clear wage premium for college education, which has been growing.18 The wage benefit for college and postcollege degrees increased dramatically during the last three decades, as table 2.5 shows.

        Although this difference leveled off around the year 2000, it was at a historically high level. During the same period as in table 2.5, the percent of workers with at least a four-year college degree also rose dramatically—from 23 percent in 1979 to 40 percent in 2016. Some studies suggest that encouraging more workers to complete college could significantly offset declining median annual earnings,19 although increasing those education levels requires an extended period of time.

        Researchers have tied increases in US wage inequality to globalization and trade imbalances.20 China’s entry into the world economy has been a significant factor in the loss of US manufacturing jobs, particularly the steep job declines of 2000–2010.21 Harry Holzer, a leading workforce scholar, suggests that because US employers faced high costs and organizational challenges for training middle-skill workers, they may have opted to offshore or outsource their work.22

        Economists recognize that the wage growth is tied historically to the growth in labor productivity (the output per hour of workers), which in turn depends on the human and physical capital used in the production process and how efficiently labor and capital are used. The combination of technological advances, the expansion of human and physical capital, and improved business processes allows for much more efficient uses of human labor over time.23 Wages can rise as a result. However, the extent to which workers benefit from productivity growth depends on how that growth is distributed—how much, for example, is allocated to compensation versus profits or capital income.24

        Table 2.6

        Compensation and labor productivity

        
          
            
              	Time period
              	Factor
              	Level of increase
            

          
          
            
              	
                1979–2017

              
              	
                Labor productivity

              
              	
                2% per year

              
            

            
              	
              
              	
                Real average compensation

              
              	
                Less than 1% per year

              
            

            
              	
                1979–2017

              
              	
                Labor productivity

              
              	
                97% over full period

              
            

            
              	
              
              	
                Real median compensation

              
              	
                14% over full period

              
            

          
        

        Source: Jay Shambaugh and Patrick Ryan, “Introduction,” in Revitalizing Wage Growth: Policies to Get American Workers a Raise, ed. Jay Shambaugh and Patrick Ryan (Washington, DC: Brookings Institution, 2018), 3–7.

        For living standards to rise over any significant period, economists have long held that labor productivity must also rise; that is, for workers to be paid more per hour, the value of their economic output must increase. Rising productivity enabling rising wages has been a long-standing US economic story. However, productivity and labor compensation have diverged in recent years. While workers as a whole might benefit from productivity growth over some period, those benefits can sometimes be shared unequally. When labor’s gains disproportionately go to those with high incomes, as we’ve seen with real wages since 1979, gains for the typical worker will lag even farther behind productivity growth.

        Table 2.6 compares productivity and labor compensation, which tracked together relatively closely from the late 1940s through the 1970s, until compensation growth began to slow compared to productivity growth. Part of this historic divergence between median wages and productivity can be explained by shifts in how productivity gains are split up—as compensation, increases in nonwage benefits, gaps between average and median pay, or shifts from workers to firms.

        While benefits have been a rising portion of overall compensation for US employees, due in significant part to rising health costs, they explain only a small percentage of the difference between wages and productivity. A modest part of the difference is attributable to a decline in the labor share of income, since total compensation to labor has fallen and the share going to capital has increased. A much larger portion of the gap is due to inequality: the difference between median compensation and average compensation (which reflects the growing income of the upper middle and upper classes). Productivity gains, then, have gone to the higher levels of income distribution, so the middle—the median income—has been falling short in the gains from productivity growth. A series of more technical pricing and depreciation factors make up the remainder.

        Despite the divergence between wages and productivity, productivity growth is still a prerequisite for an American worker to get a larger pay raise. The next step is that any notable productivity gains must be shared between firms and labor. But the decline of unions, which now represent around 6 percent of US private-sector workers, has greatly diminished workers’ bargaining position in this regard.25 Pervasive noncompete agreements, “no poaching” agreements between employers, and the decline in the value of the minimum wage standard for low-income employees26 also affect employee bargaining power.

        Productivity gains also must be shared between lower- and higher-income workers; otherwise there is increasing wage inequality. But the data now show an imbalance. Understanding the long-run divergence between productivity and wages is essential to understanding wage stagnation in the United States. Underlying all this, however, is labor productivity growth and the factors that have limited it in recent years.

        Between the Great Recession and 2017, the United States experienced some of its weakest labor productivity growth for any post–World War II period: 1.1 percent annually.27 The trend, though, predates the recession. Productivity growth began to slow in 2004, after the 1990–2001 information technology innovation wave, and then slowed even more during the recovery from the Great Recession.28 Behind this was weak investment growth; growth in capital intensity (the ratio of capital services to labor hours) has been below historical levels and actually fell in 2010–2014.29 The low level of capital investment affects productivity advances and, correspondingly, wages.30 And in turn, the reduction in capital investment growth in the economy is related to that low level of GDP growth in the post–Great Recession period discussed earlier.31

        The productivity slowdown is a global phenomenon, affecting developed nations, emerging markets, and developing economies. The slump has continued despite a host of new computer and information technologies expanding their reach into the economy. There is an important ongoing debate about causes and remedies for low productivity growth,32 but what matters here are not the results of that debate but the fact of productivity’s decline.

      
      
        Labor Market Nonparticipation

        In 2013, more than one-quarter of working-age men lacking high school degrees (excluding those in prison) were not working, and only 55 percent worked full time for the full year.33 In the next education category up were also troubling, trending numbers. Men with a high school degree or some college (who account for more than half of men ages thirty to forty-five) who were working full-time for the full year fell from 76 percent in 1990 to 68 percent in 2013. The share of these men who did not work at all went from 11 percent to 18 percent over the same period. In 1950, 14 percent of men were out of the workforce. That number was 31 percent in 2018.34

        These increasing problems of less educated workers falling out of labor markets for extended periods, or even permanently, can be set against complex overall data on labor market participation. This labor participation rate, which concerns those not in jobs or actively looking for jobs, is a significant indicator of overall economic well-being and household living standards. However, since 2000, the participation rate has continued to fall: in 2016, more than one-third (37.2 percent) of adults in the United States, including nearly one-fifth (18.7 percent) of prime working-age adults (between twenty-five and fifty-four years old), were not in the workforce.35 This sizable number cannot be accounted for fully by factors such as baby boomers aging out of the workforce, women engaged in caregiving, or recent college graduates delaying work entry.

        There are many reasons people of working age do not participate in the labor market. Women with high school diplomas or less, primarily because of the high number of them that serve in caregiver roles, are overwhelmingly the largest group of Americans out of the labor force. Beyond caregivers (some 43 percent of nonparticipants), though, a 2017 study found that men and women report the same reasons, at similar levels, for nonparticipation in the labor force: almost 30 percent reported being ill or disabled, while 8 percent were students, and 5 percent were early retirees.

        More important to the issue of workforce education is the most important driver: that the decline in the workforce participation rate is related to declining opportunities for those with lower levels of education.36 This stems from trade, especially with China, and its effect on manufacturing jobs, along with the rise in skills required by continuing workplace advances in technology. Labor participation factors also include increases in the use of disability benefits and other safety net programs, the support provided to a growing number of unemployed young men by living with parents, and, although it is less clear in the data, increased opioid use. Here, however, the causality goes both ways: the opioid epidemic may be a symptom of social problems as well as a cause: opioid deaths may directly correspond with unemployment,37 or, as one report stated: “Local wellbeing losses associated with job and wage reductions from local manufacturing decline led to greater opioid use and increased drug and opioid deaths at the local level.”38 The coronavirus may also have an effect, since knowledge workers working online have tended to retain jobs while lower-end service workers have lost jobs.

        Labor market nonparticipation in the United States, then, affects disparate groups with different backgrounds, but the recurring story is that less educated, lower-skilled male workers are particularly affected. Their numbers are rising more sharply than other groups. The United States now has the third-worst prime-age (twenty-five to fifty-four) labor force participation rate in the Organisation for Economic Co-operation and Developmet (OECD), behind thirty-one other nations.39 A significant portion of this trend is due to declining demand for low-skilled workers.40 This is a particular problem group for which workforce education could be targeted.

        The consequences are quite serious. Falling out of the labor market tends to drive families toward poverty. Some 45 percent of households (3.3 million) with a male prime-age nonparticipant and 28 percent of households (4.6 million) with a female prime-age nonparticipant are in the bottom quintile of income.41

        Has the “gig economy” contributed to job insecurity? Except in the area of personal transport, with the rise of Uber and Lyft, the increase in “gig” work (where the worker is not paid a wage or salary and lacks a predictable work schedule or earnings) appears minimal.42 Instead, the great bulk of work is still in traditional jobs, with a relatively stable number of contract workers.43

      
      
        Heightened Effects on Minority Communities

        The problems less skilled workers face are more problematic for minority workers because they occur against a long-standing higher unemployment rate. The racial unemployment gap is an enduring feature of US labor markets, with Black unemployment averaging, over an extended period, about twice that for whites. The gap was at its worst during the late 1980s; since then, it has improved slightly on average, but the white unemployment is still only 54 percent of the Black rate. While white unemployment in 2018 was 3.7 percent, Black unemployment was 6.8 percent.44 Hispanic men face a comparable problem: in 2017, their unemployment was 5.1 percent.45

        Table 2.7

        Likelihood of education success for white and minority students

        
          
            
              	Grade ten studentsa
              	Degree attained
              	Earn degree within ten years
            

          
          
            
              	
                White

              
              	
                Associate

              
              	
                 8%

              
            

            
              	
                Bachelor

              
              	
                54%

              
            

            
              	
                African American

              
              	
                Associate

              
              	
                 5%

              
            

            
              	
                Bachelor

              
              	
                46%

              
            

            
              	
                Hispanic

              
              	
                Associate

              
              	
                 9%

              
            

            
              	
                Bachelor

              
              	
                37%

              
            

          
        

        Source: Anthony P. Carnevale, Megan L. Fasules, Michael C. Quinn, and Kathryn Peltier Campbell, Born to Win, Schooled to Lose: Why Equally Talented Students Don’t Get Equal Chances to Be All They Can Be (Washington, DC: Georgetown Center on Education and the Workforce, 2019), 30, https://1gyhoq479ufd3yna29x7ubjn-wpengine.netdna-ssl.com/wp-content/uploads/FR-Born_to_win-schooled_to_lose.pdf.

        aWith above-average scores on standardized tests.

        There is also a large gap in student success for African Americans and Hispanics. Black and Hispanic tenth graders with above-median math scores in standardized tests are significantly less likely to earn a college degree within ten years than their white and Asian counterparts (table 2.7).

      
      
        These Problems Predate the Great Recession

        Many blame the Great Recession for initiating these labor market developments, but they actually predate them as structural problems in the economy, not just problems driven by business cycles. For instance, median income for nonelderly US households fell five years in a row, from 2000 through 2005—just before the Great Recession.46 And while US productivity and wages have historically risen in parallel, the “decoupling” of productivity growth and wages noted earlier was also in full force before the Great Recession: between 2001 and 2007, worker productivity rose 15 percent, but wages barely changed.47 Median wages for women between 1979 and 2006 rose by 24 percent, reflecting the growing entry of women into the workplace, but remained 23 percent below men’s median income. Real wages for men in the bottom 60 percent of income in the same period remained stuck below their 1979 levels. For those without a high school diploma, real wages declined 18 percent.48

        These problems of working-class wage stagnation and decline have become enduring.

      
      
        Regional Lock-In

        “Distressed communities” with high poverty levels are highly regional, with major pockets in certain urban and rural areas.49 More than fifty million people live in districts stuck in the equivalent of an ongoing recession, with a falling number of businesses and in which the local population has low median income, poor labor force participation, high levels of poverty, and low educational achievement. These distressed areas suffer high housing vacancy rates and saw a 6 percent average fall in employment from 2011 to 2015, compared with a near 25 percent surge in the country’s most prosperous areas. All this underscores the uneven aspects of US economic “recovery” since the Great Recession.

        For much of the twentieth century, a robust American economy reduced the job, wage, investment, and business formation disparities between more heavily developed and less developed areas.50 This enabled more of a convergence between communities. In the 1980s, however, that began to break down with the decline of the Rust Belt’s manufacturing economy. The growing information technology sector also tended to reward regions that led in IT skills and firms. Convergence shifted to divergence, as the top 2 percent of US communities (based on growth and wages measurements) began to grow faster than midsize and less prosperous cities. And in many small towns and rural areas with populations of less than fifty thousand people, employment is stuck at prerecession levels.

        Minorities, particularly African Americans, disproportionately tend to get stuck in these less prosperous areas.51 Demographic analysis shows stark racial divides. Blacks and Native Americans are three times more likely to live in a distressed community than a prosperous one. The new economic geography “has brought economic and social cleavages that have spawned problematic externalities: entrenched poverty, ‘deaths of despair,’ and deepening small-town resentment of coastal cosmopolitan elites.”52 In the poorest-performing areas, economic stability continues to erode.

        The problems in distressed communities have been developing over an extended period: most have seen zero net gains in employment and business creation since at least 2000. Prosperous communities added 188,000 business establishments from 2011 to 2015; distressed areas saw a net loss of 17,000. The best-off areas of the United States captured more than half of the rise in business establishments over that period—twice their share in 2011. Those prosperous localities, home to 84.8 million people, host nearly half of the country’s advanced degree holders.

        There are complementary findings concerning the manufacturing sector: the dramatic decline in manufacturing since 2000 is tied to a large decline in the rate of employment and hours worked among prime-age US workers and particularly affects less educated workers.53 These declines are localized to areas particularly affected by manufacturing decline: a 10 percent drop in local manufacturing employment cut employment overall by 3.7 and 2.7 percent for prime-working-age men and women, respectively. These local impacts translate nationally into an estimate that between one-third and one-half of the decline in employment rates and annual hours for prime working age workers is tied to manufacturing decline between 2000 and 2017. The local declines have been of such a scale, then, that they drove overall national impacts.

        Deindustrialization has led to record-setting joblessness in historic manufacturing centers, with widespread effects in the overall economy.54 This raises the question of whether the US labor market could still produce enough jobs with good pay and benefits for most workers without a change in the character and location of jobs and new economic strategies.

        The dichotomy between economically strong and weak regions was further illustrated in a study by Jeffrey Lin.55 He found that new kinds of work, as illustrated by new employment categories, tend to originate and concentrate in metropolitan areas with a variety of industries and a high density of college graduates. This finding suggests that geographic areas with these characteristics may be better able to weather globalization and to benefit from technology advances that may disrupt labor markets.

        There’s an important caveat to the idea that urban metropolitan areas are the location for rising incomes.56 The better-educated workers in these major urban centers, which have a high density of talent and ideas, pay a premium in living costs to take advantage of rising incomes; companies tolerate paying the wage premium, in turn, to take advantage of the educated talent. For the less educated, clerical and production work is down and white-collar work is harder to reach because the rungs are further apart now when less educated workers try to climb occupational ladders in these urban areas.57 The hollowing out of middle-skill work reflected in Autor’s barbell, then, has affected those with less than a college education in urban areas as well.58

      
      
        Rural Effects

        Rural residents form another large category of those affected. In 2015, one of the present authors attended a conference at the University of Nebraska, part of which involved traveling by bus through some of the richest farmland in the world to a town about an hour from Omaha to discuss rural issues. The town was classic Midwest: white wooden stores and homes, occasional brick ones, churches, and a crossroads Main Street. Many storefronts, however, were neat but closed; one had been repurposed into the community center where we met. We learned that residents went to Omaha to shop. As the bus pulled to a stop, I asked the organizer about the big crowd of people in a long line of aging pickup trucks, many with families in the truck bed. It was for the food bank.

        Later, we wandered around a show of the latest tractors, combines, cultivators, and fertilizer spreaders at a nearby county fair. The vehicles, which cost hundreds of thousands of dollars, dwarfed the people looking at them. A friendly conversation began with an elderly farmer who said that when he returned home after the Korean War, he assembled one of the largest farms in the county—five thousand acres—that was now one of the smallest. The monster equipment was scaled to serve larger farms than his.

        The scale of industrial agriculture has become massive and capital intensive. A farm is now a factory with a dirt floor that needs far fewer workers than ever before. With far fewer farm laborers, and with the major acreage now required, fewer own farms. The children in farm families leave for cities in large numbers. But many people from farm country don’t have the education to secure jobs in metropolitan areas that increasingly require specialized skills.

        The data bear out these pictures of an increasing “ruralization of distress.”59 Rural areas not adjacent to a metropolitan area are losing population.60 The median age in rural counties was forty-three in 2016, seven years older than in cities; median incomes are lower; and there’s the matter of the businesses lost during the “recovery” from the Great Recession.61 By 2017, large metropolitan areas had 10 percent more jobs than when the recession began, but rural areas had fewer—and with the opioid epidemic, drug addiction, once primarily an urban problem, has become a rural one.

        According to the Department of Agriculture, almost a quarter of the children growing up in rural America in 2016 were being raised in poverty—and the situation is becoming more pervasive.62

      
      
        Stuck in Place

        Given this emerging economic geography, one option is for families to move to regions with stronger economies—which in the past has helped bind the United States into a common economy and democracy and increase economic opportunities, in turn increasing productivity and wage growth and reducing regional economic shocks. But families from poorer regions today tend to be stuck in place.63 Movement from lower- to higher-income areas has decreased in parallel with declining economic convergence between states.64 Workers are now less likely to move to a new job or to a new state; geographic mobility is less of a response to problematic labor markets than it has been in the past.65 This may be in part because education is the key dividing line, and opportunities may not improve without it despite a location change.

        From 2015 to 2016, more than half the migration out of the least-successful US counties was to other counties only marginally more successful; nearly two-thirds of migration out of the most-successful counties was into other relatively successful counties. Only 13 percent of those leaving the least successful counties moved to the most successful counties. Education was the best predictor of geographical mobility: highly educated individuals are more mobile than the less educated. Overall, geographic mobility is not helping to close economic gaps. On top of this, there is far less migration among children born to lower-income families. “Diminished mobility is often caused by limited means: young adults from low-income families may have less of a family safety net to fall back on in the event of employment setbacks, less information about opportunities in distant locations, or simply fewer resources to fund a move,” write Brookings researchers.66

        There’s also the matter of confronting similar quality employment problems in the big city, where living costs are also higher. Young people have long tended to move from less dense areas to urban areas for college; increasingly, they now tend to stay after graduation, also affecting the net migration rate.67 But while it has been assumed that a number of large metropolitan areas have been enabling all income segments to do better, these “success” areas turn out to be suffering from the same barbell effects on noncollege, middle-skilled workers as rural or failing industrial areas.68

        From a policy perspective, this means it’s not enough to focus on workers. Policies also will need to address affected regions in new ways.69

      
      
        The College Dividing Line: Upskilling

        In 2017, the average income of the top 20 percent of Americans was more than sixteen times the average income of the bottom 20 percent, a disparity that continues to grow.70 This provides a vivid picture of US income inequality. Again, a college education has become a great dividing line, and there is an ever-rising curve in the American economy of technological advance.71 Work today is ever more technical and complex. An 1890 factory worker would be lost in today’s automobile or semiconductor plant. Office workers from most of the twentieth century would be shocked by smartphone videoconferencing with colleagues across the globe. The curve of technological advance requires a parallel, rising curve of workforce educational attainment.

        The United States was the first nation to create public mass higher education through the Land Grant College Act of 1862. We dramatically expanded higher education through the GI Bill following World War II. These were likely the most successful social policies in US history. They kept the education curve out ahead of the technology, so the curves could be mutually reinforcing: the ever-growing talent pool enabled ever-growing technology advances and vice versa, with corresponding growth and wage gains. But when the US college graduation rate leveled off in the early 1970s, as Claudia Goldin and Lawrence Katz have discussed, the technology curve kept rising with the advent of the information revolution.72 Those with the skills to manage the technology advance could command a wage premium, while others faced wage decline or wage stagnation.

        The college diploma has become a dividing line. Of the 7.2 million jobs lost in the Great Recession, 5.6 million were held by those with high school diplomas or less. And during the slow recovery between 2010 and 2016:

        
          	•	Workers with a college degree gained 8.4 million jobs, those with associate degrees or some college gained 3.1 million, but those with a high school diploma added only eighty thousand—in effect, no job recovery.

          	•	Some 11.5 million of the 11.6 million jobs created went to workers with at least some postsecondary education (73 percent to those with college degrees). Workers with a college degree or higher took almost all the jobs in high-skill (5.8 million) and middle-skill occupations (1.9 million).

          	•	Workers with at least some postsecondary education captured the vast majority of good jobs paying more than $53,000 for full-time, full-year work with benefits (e.g., healthcare, retirement).

          	•	Those with no postsecondary education increasingly settled for low-skill, low-wage jobs; they lost 181,000 high-skill jobs and 951,000 middle-skill jobs, but gained 1.2 million low-skill jobs.

          	•	With declining quality employment for the less educated, those workers with a college degree or higher by 2016 made up a larger share of the workforce (36 percent) than those with a high school diploma or less (34 percent).73

        

        Wage levels show what has been happening. In 1979, those ages twenty-five to fifty-four with bachelor’s degrees could expect to earn 134 percent of the wages of those with only a high school education, and advanced degree holders could expect to earn 154 percent. By 2016, those wage premiums had risen to 168 and 213 percent, respectively.74

        The first job matters.75 Those who start out well employed rarely slide into underemployment; the great majority of college-educated workers who in their first job secure quality positions matched to their education continued to hold such quality positions five years later (87 percent), and nearly all of those were still at that level ten years later (91 percent). But those who start out behind tend to stay behind. Four in ten college graduates studied were underemployed in their first job; two-thirds of these graduates were still underemployed five years later; and of those, three-quarters were still underemployed at the ten-year mark. This persisting underemployment has major lifetime earnings impacts—and for women, who are more likely to be underemployed than men, it has very real implications for the gender pay gap.

        Overall, there has been a massive demand for an upskilled workforce—and the upskilling shift is now being implemented. The accepted indicator of those skills is college education, and it matters what you study: a degree in most STEM fields (science, technology, engineering, and mathematics) means less likelihood of initial underemployment. Those without college face being left behind, shunted down the barbell toward lower-end, lower-skill, lower-paid service jobs.

        Are we trying to turn this problem around? US spending on programs for job training, job search assistance, community college work-related education, and apprenticeships is lower as a share of GDP than nearly any other developed (OECD) country. Public expenditures for what are known as active labor market policies were only 0.12 percent of GDP in 2014, which is only slightly above levels in Mexico and Chile. The public sector now spends less than half what it did thirty years ago on such programs.76

        Table 2.8

        Percentage of employees receiving employer-provided training

        
          
            
              	Year
              	On-the-job training
              	Training assistance
            

          
          
            
              	
                1996

              
              	
                20%

              
              	
                13%

              
            

            
              	
                2008

              
              	
                11%

              
              	
                 8%

              
            

          
        

        Source: Council of Economic Advisors, “Active Labor Market Policies: Theory and Evidence of What Works,” issue brief, White House, December 2016, 4, https://obamawhitehouse.archives.gov/sites/default/files/page/files/20161220_active_labor_market_policies_issue_brief_cea.pdf. See also Jeffrey Waddoups, “Did Employers in the United States Back Away from Skills Training during the Early 2000s?,” Industrial and Labor Relations Review 69, no. 2, December 2015, https://journals.sagepub.com/doi/10.1177/0019793915619904.

        Raising educational attainment over time can improve the wage differential between workers who have completed different levels of education, but that pace is gradual. The part of the workforce being left behind needs new, shorter-term job-training programs to help them adapt to technological changes by building skills that will be more in demand, which will raise earnings.

        Despite this need, the problem is not only with governmental expenditures—and studies through 2008 and 2009 show decreased on-the-job training and training assistance from employers (table 2.8). This apparent parallel decline occurred at a time of growing income inequality and as employers increasingly hired on the basis of education credentials, making alternative education approaches much needed.

        College education is increasingly the hiring default, and there really is no substitute system in place for evaluating skills. This means an individual’s expectations for future work and wages are being set at the point they leave school.77 What students in high school decide about education now largely determines their work future and economic success. Is the public ready for a change to this system?

      
      
        A Complicating Challenge: Older Workers

        Meanwhile, in a major demographic shift, the American workforce is aging. In a 2017 study, the Bureau of Labor Statistics (BLS) projected that by 2024 some 25 percent of the workforce—about forty-one million people—will be over fifty-five. Although not as large as other segments, workers age sixty-five and older—some thirteen million people—are projected to have faster rates of labor force growth annually than any other age groups (see table 2.9). For the labor force as a whole, that rate is 5 percent.

        Table 2.9

        The aging US workforce (projections, 2014–2024)

        
          
            
              	Age of workers
              	Growth rate in labor force
            

          
          
            
              	
                Sixty-five to seventy-four

              
              	
                55%

              
            

            
              	
                Seventy-five plus

              
              	
                86%

              
            

          
        

        Source: Mitra Toossi and Elka Torpey, “Career Outlook, Older Workers: Labor Force Trends and Career Options,” Bureau of Labor Statistics, May 2017, https://www.bls.gov/careeroutlook/2017/article/older-workers.htm.

        From 1970 until 2000, workers fifty-five and older comprised the smallest segment of the labor force. In the 1990s, however, these older workers began to increase their share of the labor force, while the share of younger workers began to decline. By 2003, the older age group no longer had the smallest share.

        People have been working later in life for a number of reasons.78 In general, they are healthier and have, until recently, had a longer life expectancy than previous generations. They are better educated, which increases their likelihood of remaining in the labor force. And changes to Social Security and employee retirement plans, along with the need to save more for retirement, created incentives to keep working (but not necessarily full time). In 2016, some 27 percent of workers fifty-five and older, and 18 percent of workers ages twenty-five to fifty-four, worked part time (from one to thirty-four hours per week). For those sixty-five and older, the rate of part-time employment was considerably higher, at 40 percent.

        With a quarter of working Americans likely to be over fifty-five by 2024, this is a major workforce opportunity space that can offset demographic declines in other age groups.79 But aging workers face many challenges. Displaced workers often tend to be older workers; mass layoffs based on age have allegedly occurred in some large companies.80 At the technician level, this group tends to have lower or more outdated skills than the emerging technology economy requires and so is less ready for new positions.

        Retraining could be vital for assisting this fast-growing workforce segment. Even an economist who envisions an automation doomsday has argued that these older workers need to be working in new roles to help the economy.81 The reality is that labor force participation among older workers has been rising since the 1980s, and surveys indicate that most retirees would return to the workplace if given the opportunity.82 This segment is a major upskilling challenge, but also an opportunity.

      
      
        The Barbell Dilemma

        All these data help substantiate what Autor found. But if middle-skill jobs are declining or stagnating while upper-middle-class jobs and lower-end services sector jobs are growing, why bother to educate and train for the middle-skill jobs? Autor, of course, is characterizing the labor market, not proposing we lock in its imperfections.

        The middle of the labor market is still enormous—some twenty-five million middle-skill jobs were created between 2010 and 2020.83 It will continue to generate strong hiring demand, particularly if one considers gross hiring, especially replacements for retiring employees—with potentially 45 percent of job openings in one period studied by Harry Holzer and Robert Lerman in the middle-skill sector.84 Middle-skill demand requires new education pathways for those who cannot enroll in four-year degree programs. Given that there will still be a great number of quality job openings in middle-skill fields, particularly because of retirements, we should better organize our workforce development efforts around this category. Part of that task will be moving many more people from limited opportunities in lower-end services sectors into middle-skill categories—the very goal of the Valencia College short program noted in chapter 1.

        But we should also better characterize and understand the dynamism within the middle skills. It is not a stagnant category. The National Academies of Sciences, Engineering, and Medicine’s 2017 Building America’s Skilled Technical Workforce report urged dropping middle skills—which it noted can be a pejorative term to many—in favor of skilled technical workforce in recognition of major ongoing upskilling.85 Why steer workers to the “middle” in a nation that historically aims for the top?

        The middle skills are becoming ever more technically oriented, with “old” categories involving less training and lower skill levels declining (such as in construction and clerical work) and “new,” more technical skills (such as those of medical technicians) growing.86 As of 2011, some twenty-six million jobs—part of a “hidden STEM economy”—required a high degree of knowledge in particular STEM fields, with half of them available to workers without bachelor’s degrees.87 It is not too much to hope that those who acquire strong technical skills don’t simply remain in place but begin to capture skills currently associated with the growing numbers of jobs held by the upper middle class.

        Developments in the information technology sector, which is creating a new opportunity space for the technically skilled in many occupational areas, illustrate the point. These are the “new-collar” workers former IBM CEO Ginni Rometty88 describes as those with the skills needed in areas such as cybersecurity analysis, app development, and cloud computing implementation. They are a far cry from blue-collar workers doing rote assembly in Henry Ford’s River Rouge Ford plant, but they don’t require four-year degrees.

        The new-collar workforce doesn’t just have to be limited to IT jobs. A host of increasingly technical jobs will be needed in workplaces in many sectors (see chapter 5).

      
      
        Job Training versus Job Creation

        Some analysts have attacked politicians for pretending that job training is a substitute for economic development.89 They’re right that job training is not a panacea. Job training is not a replacement for job creation: a region losing jobs cannot train its way out of the problem. Nevertheless, the need for improved job training has been increasing because job markets have been changing:

        First, the technological demands of the workplace are growing, shortages are emerging in a number of higher-skill areas, and workers who can’t keep up with these advances face declining job opportunities. Training is a key part of the answer to this problem.

        Second, because of worker demographics, demand for trained workers will be growing in the future. There will be significant job openings in areas such as manufacturing and utilities, but only if workers have the skills that match needs in these sectors. Training is a key part of the answer to this problem, too.

        Third, a well-trained workforce in an era of technological advances may be a prerequisite for economic development. Data suggests that job creation is stronger in areas richer in educated talent. Workers with skills seem to attract employers needing skills. Training, then, may be a part of the answer to this aspect of economic development as well.

        Finally, data strongly indicates that the overall workforce is upskilling and that incomes for the less skilled are too often stagnating or in decline. Further education increasingly appears to be a prerequisite to entry into the middle class.

        So given all these ongoing developments, the training that some analysts once attacked as counterproductive appears to be an important answer.

      
      
        The Public’s Perspective

        The public seems to understand the shift in the workforce and supports the education needed, as a major survey in 2016 of public attitudes shows. The great majority of workers see new skills and training as the key to future job success.90 More than half believe it will be essential for them to get training and develop new skills throughout their work lives to keep up with changes in the workplace. The most highly educated workers, it turns out, are the ones who feel most strongly about the need for continuing workforce education, perhaps because their current jobs already tend to rely on higher levels of skills.

        What drives this new perception is that the public sees threats to jobs coming from a host of directions: increased outsourcing of jobs to other countries, more foreign-made products being sold in the United States, increased use of contract or temporary workers, and declines in union membership. At the same time, most see global markets for US-made products as helpful for workers and jobs. People are split over whether workplace technology advances, particularly automation, hurt or help workers.

        What are the specific skills these surveyed workers believe they need? Large majorities rank a mix of technical (including a detailed understanding of how to use computers) and soft skills as critical. Among the latter, mentioned by more than eight in ten workers, are the ability to work with those from diverse backgrounds, writing, and communication—also mentioned as important skills on which they rely in their current jobs. To that, many add critical thinking.

        Workers are quite clear that acquiring new skills will be largely their responsibility, supported by public schools, but less clear on how the skills-upgrading task will be executed. There are many different views regarding the roles of companies and the government.

        The survey suggests that the American public is on track with what is happening. While the 2020 coronavirus pandemic has added to economic disruptions, it may have buttressed the case for workforce education. So this 2016 survey remains an accurate gauge of public views. They see workplace change and job threats ahead—and the need to counter that with ongoing upskilling, both for themselves and generally for the workforce. They even have some sense about the range of skills they will need. That public readiness is a promising start for our task of reconsidering workforce education.

      
    
  
    
      
        3

        Breakdowns in Today’s Workforce Education

      
      Ask most Americans to describe what middle school and high school are like, and they will. Ask them to describe a four-year college program, they also likely can. They also have a good idea of what community colleges are all about. But ask what the workforce education system looks like and you will most likely draw a blank stare. The system is not a unified one, and the elements that exist are not well understood. While many European nations have systems that effectively prepare young people and transition them from school to workplace, arming them with the skills needed for well-paid careers, in the United States there is a disconnect between the worlds of school and work. Incumbent workers also need access to workforce training to keep up with technology advances, including lifelong learning opportunities.

      Our nation has the most decentralized labor market in the developed world, and the government creates only limited active labor market policies. A European-like system, with career paths locked in at very early ages, would not work well here. Our system’s complexity—many entry points, allowing workers to change their minds about careers and restart—may well be an advantage.1

      Such is the backdrop to the intense international competition the United States has been facing, particularly since 2000 and particularly in manufacturing (as discussed in chapter 2). The coronavirus has applied additional economic pressure. The resulting social dislocation from job loss, hitting more routine jobs especially hard, has also jarred our political system. At the same time, our education system is not ready to prepare the workforce for the rapid rate of technology advancement led by information technologies, with a suite of robotic, artificial intelligence, machine learning, and data analytics technologies looming on the horizon. Our social program networks are not prepared for the workforce transitions that may be needed.

      That does not mean no one is paying attention, and it’s not that there aren’t high-functioning parts of the system. There are some outstanding efforts at numerous community colleges, among numerous employers, and in creative new programs—but there is still a system problem. Reformers are present in force in numerous institutions, but their combined weight has not yet led to the scope of improvements needed. The actors and programs are often not well connected, funding can be problematic, and too many fall into the gaps. Despite valiant efforts overall, there are still system breakdowns at many stages.

      It has been more than two decades since publication of the last overall study of workforce education in the United States,2 and much has changed in US labor markets. Today’s task is to elevate some of the best new elements to show what a new system could include. That means also highlighting areas and gaps that need attention.

      There are a number of breaking points among the numerous institutional actors in the workforce field.

      
        Underinvestment by Government and Employers

        Following economic theory on interventions in labor markets, governments often make significant investments in active labor market policies; they invest in identifying job opportunities, in job training, and in employment services. The OECD country average is to invest 0.5 percent of GDP in such policies, whereas the United States invests only 0.1 percent, ranking it twenty-ninth among all thirty-one OECD nations.3 And that US investment is less than half of what it was three decades ago. It’s a basic breakdown in workforce development policy: in a period in which skills are more important than ever in setting earnings in labor markets, we are spending ever-declining amounts.4 One analyst notes that after a high point in 1979, federal funding in actual dollars for the various workforce education programs fell by 70 percent by 2008, and 87 percent in terms of percentage of GDP.5 These cutbacks seem to have been falsely justified based on a perception of program ineffectiveness: the same analyst found overall positive and cost-effective impacts from the investment, with more positive impacts for women than men and for adults than youth.6 Why, then, with significant evidence of private and social returns for education and training, would training for disadvantaged adults or youth be considered less effective?7 The answer seems to lie not in the facts but in the politics around poverty.8

        Labor market intermediary organizations play a particularly significant role in helping connect the actors and programs, better linking workers and jobs.9 These intermediaries can range from workforce development boards to internet job services, and overall, high-quality intermediaries can play a significant role in supporting job placement and related training. But with the decline in federal support, many of these institutions have trouble playing their roles.10 A wild west of new, unregulated, and often transitory organizations—from computer coding academies to hair dressing schools—have stepped in to fill the gap, attempting to provide training services. This reflects the lack of resources available to more established institutions, such as community colleges.11

        This decline can be seen on the employer side, too. Employers provide the bulk of the training, but workers who reported they received employer-provided training dropped from close to 20 percent to approximately 11 percent between 1996 and 2008—that is, prior to the disruption of the Great Recession.12 US census surveys indicate a troubling 28 percent decline in employer training between 2001 and 2009, widespread across industries, occupations, ages, education levels, job tenure, and demographic groups—with the decline particularly affecting workers in the middle of the education spectrum.13 Companies, particularly small companies with limited resources, have often been reluctant to invest in workforce education, and the economic effects of the coronavirus are likely to make them even more reluctant. Workers with higher levels of education tend to be the focus of more employer training attention. There is, though, wide variation among US employers:14 some employers historically adopt what Tom Kochan and others have called high road policies—including higher wages, incentives, teaming, and training coupled to opportunities for promotion—and others the opposite low road approaches, reflecting different attitudes to the role of employees.15 In part because of the great variety of employers and sectors, definitive data has not been collected on this issue.16 US employers tend to play a weak role in educating the under-twenty-five workforce compared to their European counterparts, and there is a problematic disconnect in the United States between employer-based training and school-based career and technical (vocational) education.17

        While government and firms appear to be disinvesting—and we need better data on employer developments—the workforce needs to upgrade its skills. As noted in chapter 2, quality jobs are going to the better educated; those with high school educations or less face stagnating or declining incomes, while those with a college education are receiving a significant wage premium. The falling demand for less skilled workers seeking middle-income wages means a substantial percentage are no longer in the workforce, which can be largely attributed to declining demand for lower-skilled workers as upskilling evolves.18 Clearly, the need for training is out of sync with investment levels.

        What is the employer role? There is a long and varied history. Skilled workers are a key driver of productivity gains for their employers and the economy; overall, improving workforce learning is a key driver of growth.19 The division of labor of the nineteenth century paralleled the industrial revolution, enabling low-skilled employees in an assembly system to replace skilled artisans to scale up production. Replacing labor with capital equipment developed at that time and remains a long-standing tradition in American production. Larger employers had the revenue base to train employees, smaller employers less so. But as global competition soared in the 1970s, a financial model drove employers to cut costs to go “asset light” (discussed further in chapter 5), and training too often fell by the wayside. Further, as larger firms were driven by the financial sector and global competition to thin out to pursue their core competencies, they also often outsourced noncore activities. Outsourcing to US-based contractors often meant low-margin firms. Between 1997 and 2012, larger firms (with more than 500 employees) reduced manufacturing employment by 44 percent.20 There simply aren’t incentives to encourage larger firms to switch strategies and go more labor intensive, which means many have fewer workers and less incentive to train. In turn, the low-margin outsourcing firms have limited resources and therefore limited interest in training.

        Employers still need skilled workers and may well have hoped public programs and institutions could provide them. This is even more the case given the economic shifts caused by the coronavirus. However, when public institutions become the training providers, that means employees have to act on their own initiative, responsible for their own education and bearing the costs, and can get out of sync with employer needs. Tighter labor markets in recent years are forcing some employers—particularly larger ones in more economically stable sectors—to rethink their training roles. Workforce education has become a priority for business organizations, including the Business Roundtable, the U.S. Chamber of Commerce, and National Association of Manufacturers.21 However, the many different employer approaches to workforce education have become a maze, and there is an era of disengaged employers and economic cutbacks, and now coronavirus cutbacks, to overcome. Employers typically try to make their own arrangements with training providers and education institutions, rarely acting in concert with other area employers to pool resources and make a significant dent in mutual training problems. Individual firms acting alone simply cannot operate at the scale needed to solve the workforce development challenge. There are few incentives to collaborate, and this gap in collective activity amounts to a market failure. What is lacking is a system.

      
      
        The Role of Unions

        Historically, labor organizations have played an important role in American training and workforce development. Yet the percentage of workers belonging to a union went from 20.1 percent in 1983 to 10.3 percent in 2019, with union members making up only 6.2 percent of private sector workers.22 However, unions still play a significant role in the workforce in some key sectors, including construction, aerospace, automotive, utility, and healthcare fields.

        There are union-industry joint training funds, and union collaborations with companies still dominate apprenticeships, particularly in the construction trades, with efforts underway to expand and improve them. There are also joint union-management training programs in a number of industries apart from apprenticeships, including in services sectors such as healthcare, hospitality, and culinary skills. While union influence on the workforce has been in decline, unions remain a source for potential workforce collaborations in some key sectors.

      
      
        Background on Workforce Laws

        The US Labor Department’s training and employment programs arose in significant part out of Lyndon Johnson’s 1964 War on Poverty. As Harry Holzer has detailed, they evolved in successive laws and reflect shifts in the priorities of both the executive branch and Congress.23 The Manpower Training Act, in place from 1962 to 1973, provided direct grants to employment and training service providers, and in parallel in 1965, the Job Corps began to provide a year of training and education at residential centers for disadvantaged youth. The focus of both programs was on the disadvantaged.

        With the Comprehensive Employment and Training Act (CETA), in place from 1974 to 1985, the federal government began to shift responsibility for employment and training to state and local advisory committees. Funding for training rose dramatically in the late 1970s recession as employment fell for low-income, minority, and youth populations. Public sector employment was provided to 750,000 individuals in 1978 because of the conclusion that they couldn’t obtain employment elsewhere.

        The Job Training Partnership Act (JTPA), in place between 1984 and 1999, altered these programs. The Reagan administration opposed public sector service employment as a wasteful substitute for private sector employment, so its funding was sharply reduced. JTPA funding was dispersed through private industry councils (PICs) in an attempt to match local labor demand. The remnants of public service employment were ended when funding for summer youth employment programs was curtailed.

        The concept of a “demand-driven” system further developed with the 1999 passage of the Workforce Investment Act (WIA), under which locally-based “workforce investment boards” (WIBs) were established—with a voting majority from local industry—to implement training for the labor needs of local businesses. The concept behind the WIA was empowering local employers and workers to cooperate in the job search process. To end any welfare stigma, assistance for adults was no longer for the disadvantaged only. The Job Corps continued to be funded, and the WIA funded job training and employment for adults, youth (largely in school), and dislocated workers (regardless of skill level or income) who had lost jobs through plant closings or downsizings. The WIA created one-stop offices where workers could access all Labor Department services, including unemployment insurance and the labor exchange job openings posted by private employers.

        WIA services fell into three key areas: core services included use of the employment search system, with staff assistance as needed; intensive services included job skill assessments and job counseling; and training included any education that qualified workers for specific jobs.24 Workers acquired more control over how their training funds were spent through “individual training account” vouchers. But the WIA emphasis was on work first—that is, getting adults into jobs as soon as possible, with or without specific training. By the mid-2000s, the goal of broadening services had been met; only one-fifth of those receiving employment services and half of those receiving training were low income.

      
      
        Limited Focus on Higher Skills and Incumbent Workers

        The Workforce Investment Act was succeeded by the Workforce Innovation and Opportunity Act (WIOA), which went into effect in 2015 and is today one of the Labor Department’s two major programs with training features. The WIOA continues to authorize the core federal programs for workforce development, including employment and training services for unemployed and underemployed adults and dislocated workers. The WIOA also supports adult education and literacy programs and assists individuals with disabilities. Under the act, state and regional workforce development boards (WDBs), with members drawn mostly from area employers, set regional employment strategies and funding priorities for worker training, registered apprenticeships, transition jobs, on-the-job training, and customized training. They also support one-stop career centers for job search and counseling assistance.

        The WIOA continues the WIA’s demand-driven focus, emphasizing serving the needs of local labor markets and responsiveness to local employers. Most funding is distributed through formula grants to states,25 which constitute 60 percent of total WIOA funding for job search education and training programs and are allocated primarily to local WDBs to determine the mix of service providers and programs and the types of training programs. The WIOA requires the alignment of workforce development services through unified state plans for providing core programs, a common set of performance indicators, and regional planning across regions. Like its predecessor, the WIA, the WIOA provides universal access to workers at one-stop job service centers, but for career and training services priority is given to low-income and low-skill workers. The WIOA emphasizes career pathways for workforce development and industry sector partnerships with employers; the WDBs are directed to develop strategies around these concepts. Program participants retain a significant degree of consumer choice on the training they receive through their individual training accounts. Other parts of the WIOA continue programs for adult education and literacy, the employment service program (linked to the one-stop centers), and vocational services for the disabled.

        There are indications that training programs for low-income and unemployed adults can help increase these workers’ pay by as much as 10 to 25 percent within three years. Sectoral training programs for particular industries may raise incomes up to 30 percent within two years.26 But funding is simply not approaching the scale of the problem. The National Skills Alliance projects that there are thirty-six million working-age adults with low levels of skills, yet the annual formula funds to the states for a range of the WIOA programs declined by 40 percent from 2001 ($4.6 billion) to 2018 ($2.7 billion).27

        The decline of routine jobs and the need to upskill workers for the technology challenges ahead demand a new focus. But under the WIOA, there is limited flexibility available to states and the WDBs to make a shift. David Cruise, a highly experienced educator, organizer of precision manufacturing training programs and president of the MassHires workforce development board in the Springfield, Massachusetts, area, knows the problem well. He knows that the workforce in Springfield’s network of small and midsize industrial firms is going to have to upskill in major ways to meet the challenge of advanced manufacturing technologies. But he can’t repurpose his board’s WIOA funding to reach those workers. “I know what’s headed our way,” he says, “and we must get onto this problem or we’re going to leave many behind. But I don’t have support I need to really reach the incumbent workers.”28

        Overall, the local nature of these boards can be a strength: it puts them in touch with local employers and job needs. But neither the boards nor the employers they work with are in a position to be the first to see new technologies and get ahead of the implementation curve. That challenge may require some centralization and additional mechanisms to supplement the current WIOA programs and boards.

        Trade Adjustment Assistance (TAA), originally proposed by President Kennedy in 1962, is the other major Labor Department program. It assists workers, firms, and farmers damaged by import competition from trade. Workers can receive a trade readjustment allowance that supplements state unemployment insurance if they participate in training programs. Workers over fifty with limited income can get job search assistance and income subsidies. Funding in 2018 for training and employment assistance was $387 million.29

        TAA efforts, though, are too small, too narrow and piecemeal, and too difficult to access at scale.30 China trade dislocation in the manufacturing sector in the 2000s swamped the program’s funding, and most trade-displaced workers ended up relying on Social Security and disability benefits.31 The programs for trade adjustment tend to focus on narrow, individualized causes of disruption. It seems help arrives only after a plant closes and layoffs hit a community hard. And because it’s only about trade, TAA can’t be used to upskill workers for the entry of new technologies. A broader, proactive, multipurpose adjustment program that anticipates training needs is necessary.

        The Labor Department also leads the country’s registered apprenticeship programs. Although growing in the last few years, there were only 585,000 apprentices in these programs in 2018, up from 420,000 a decade earlier. There were still only 282,000 workers who completed apprenticeships in the previous five years.32 These apprenticeships are still largely tied to the construction trades, reflecting trade unions that dominated the organized part of the sector. The program, which needs further reach, is just beginning to branch out in significant ways to other sectors.

      
      
        Education Department Programs Fill Only Some Gaps

        Two programs of the US Department of Education—carried out both from Washington and on the ground in regions and states through different organizational silos tied to the federal programs—are highly relevant to this discussion. They are neither connected nor complementary to those of the Labor Department, although these programs end up helping to fill some gaps.

        First, and most significant, is the Education Department’s Pell Grants of up to $6,195 annually (for the 2019–2020 school year),33 which go to students enrolled full time in undergraduate programs at colleges or community colleges who show clear financial need. Pell Grants are for degree programs, not workforce programs. Stand-alone, short-term certificate programs can qualify, but have in the past required extensive data showing the student’s subsequent “gainful employment.”34 Unlike student loans, these do not need to be repaid. For the 2017–2018 academic year, some seven million students received Pell Grants totaling $28.2 billion—a figure that dwarfs all explicit federal workforce education expenditures combined.35

        Of Pell Grant recipients in 2015 in two- and four-year college and related programs, 2.4 million attended community colleges and 1.3 million went to for-profits; the remainder went to public and private colleges.36 Community colleges and the for-profits alike offer what is largely workforce education, but they are often shaped as college programs so their students can qualify for the Pell Grants. Nevertheless, the Pell program is mismatched with actual workforce education needs and labor market demands. Undergraduate degree education may not overlap directly with workforce training, and the grants have not been available to students seeking shorter-term certificates in workforce skills unless, as noted, the sponsoring educational institution collects additional subsequent employment data. This barrier excludes many who cannot make the time commitments required for undergraduate degree programs or extended certificate programs, or who need particular job skills.

        Opening up Pell Grants for workforce education programs more generally outside of degree programs has been a major topic of discussion, but there’s a problem. For-profit schools that are funded largely by Pell tuition money—so-called Pell mills—have low college student completion rates.37 Efforts by the Education Department to crackdown on poor performers have had limited results. Opening up Pell further to workforce education not only faces a major additional federal cost but also creates serious program quality vulnerability.

        Paralleling Pell is the student loan system for loans available either directly from the Department of Education or indirectly through private lenders.38 These go to students in accredited two- or four-year programs or certificate programs attending at least half time and play a major role in funding workforce education.39 However, as of 2018 student debt had climbed to $1.46 trillion, reflecting rising college costs, with $166 billion of these loans in “serious delinquency” status, reflecting problematic program completion rates, as well as the often stagnant wage growth of recent years (outside of the top income tiers) that limits the ability to repay.40

        The other relevant Education Department program, career technical education (CTE; the term has replaced vocational education), is funded through the Perkins Act and is explicitly for workforce education. It includes high school and community college CTE for a wide range of middle-skill occupations, with both certificate and noncertificate programs eligible. Funding is allocated by formula grant to states, with some two-thirds going to secondary institutions and the remainder to postsecondary. States have flexibility to shift a portion of their formula funding to meet state workforce priorities. While a bipartisan reauthorization of the program was passed in 2018,41 funding has been stagnant for many years, hovering around $1.2 billion.42 Frankly, Perkins Act funding, which is dispersed in small amounts across all the states, is minimal given the need. And because the Education Department’s programs don’t connect or mesh with the Labor Department’s programs, these federal program disconnects are replicated at the state level as well.43

      
      
        Steep Decline in Secondary School Vocational Education

        Public high schools resulted from a major reform movement in the late nineteenth and early twentieth centuries; students were often taught vocational skills such as woodworking and metalworking along with more academic subjects. In the 1950s and accelerated by the Sputnik crisis, systematic tracking increased, separating college-bound students from those in “shop”44—too often weak, low-quality vocational programs that missed emerging technical fields and ended up directing students into dead-ends. The civil rights movement confronted tracking’s class and racial biases, and the emphasis in high schools shifted to preparing all students for college. In the end, many vocational schools and tracks were dropped in many states. Many students, however, still did not go on to college.

        Strong CTE continues in some states; Massachusetts, for instance, strengthened rather than dropped its programs, and its technical high schools now often have long student waiting lists.45 But economic pressures continue to buttress vocational education in other states. The six-hundred-thousand-student Los Angeles Unified School District, for example, had planned to eliminate all its career technical education courses by 2013 to reduce costs; after protests, the program was saved, but cut by half.46 The disconnect between secondary school and work has created a significant gap in the workforce education system.

      
      
        For-Profit Higher Education: A Problematic Model

        The for-profits mentioned earlier require some further attention, in particular because they provide a very large proportion of workforce education, particularly for poorer students and minorities—which they have clearly identified as an underserved niche. But they also have some deep problems that affect overall workforce education.

        Today, there are some 1,300 for-profit institutions engaged in postsecondary education in the United States, offering a wide range of programs, from associate degrees to graduate degrees, as well as certificates in skill areas. The largest of these emphasize technology and business courses, but across all programs they’ve tended to focus on certificates in emerging fields (such as allied health fields) with growing demand, which they market quickly to students and scale up rapidly to meet demand.47 For-profits enroll a majority of all US students in non-degree-granting programs of this sort.48

        They were early adopters of online education, which has been a key enabler of their rapid expansion. Several large chains of these for-profit schools have grown into sizable public corporations.

        Along with community colleges, for-profits are now the major education institutions offering workforce education. They have become heavily dependent on Pell Grants and student loans to fund their programs, even shaping them to fit Pell college requirements.

        Table 3.1 shows enrollment levels in these for-profit institutions, which climbed dramatically through 2010 and have begun to slip in recent years. In 2015, for-profits constituted some 7 percent of the enrollment of degree-granting institutions, public and private.49 Their student bodies overall are disproportionately older, female, African American, Hispanic, and lower income compared to nonprofits.50

        These schools have definite strengths: they provide flexible schedules to accommodate students, reach low-income and underserved minorities, provide very efficient enrollment and better career services than their public counterparts, support online and stackable credentials, and conduct market research on new fields.51 By being market-driven, they tend to innovate around user needs, with a particular focus on online education. For example, Industrial Training International (ITI) was formed in 1986 for rigging, crane, and equipment training and now has a series of training centers for teams from employers in the United States, Canada, Britain, and Brazil, serving additional industrial missions.52 It was an early experimenter in online education and has moved into virtual reality training simulations, including the first mobile crane simulator.

        Table 3.1

        Students enrolled in for-profit higher education
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              	Enrollment in for-profit institutions
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                18,000

              
            

            
              	
                2000

              
              	
                400,000

              
            

            
              	
                2010

              
              	
                2,000,000

              
            

            
              	
                2015

              
              	
                1,300,000

              
            

          
        

        Source: David J. Deming, Claudia Goldin, and Lawrence F. Katz, “The For-Profit Postsecondary School Sector: Nimble Critters or Agile Predators?,” Journal of Economic Perspectives 26, no. 1 (Winter 2012): 139, https://pubs.aeaweb.org/doi/pdfplus/10.1257/jep.26.1.139; Department of Education, National Center for Education Statistics, “Total fall enrollment in private for-profit degree-granting post-secondary institutions, 2014–2015,” table 304.50, https://nces.ed.gov/programs/digest/d16/tables/dt16_304.50.asp.

        But the weaknesses in the for-profit model are often substantial.53 Tuition is, on average, nearly 20 percent higher than public, nonprofit options, making them less affordable and therefore less financially sustainable for their low-income student base.54 Their curricula are generally proprietary and neither transparent nor accessible to employers. This disconnect with specific employer needs creates difficulties in working with industries that tend to prefer more trusted nonprofits. Their completion rates are low, particularly for longer-duration college programs, to the detriment of many students.55 Poor performance for students in obtaining improved employment is another problem.56 In turn, for-profit student default rates on federal aid programs greatly exceed those at other institutions of higher education. Because for-profits rely on federal student aid for more than two-thirds of their revenue, this—coupled with significantly higher tuition rates—has particularly adverse consequences for federal taxpayers.57 A number of major chains have gone bankrupt, stranding students, and in some cases there has been significant evidence of fraud.58

        While there certainly are quality for-profit programs, too many of these institutions are problems, not solutions.

      
      
        Community Colleges Are Underfunded and Disconnected from Upcoming Workforce Needs

        Public institutions of higher education are major providers of workforce education. But while community colleges are overwhelmingly state institutions and 74 percent of four-year college enrollment is at state universities,59 funding for higher education has been in decline for decades. Since 1980, state and local appropriations went from 50 percent of the revenue for public higher education to 37 percent by 2000, and from 2008 to 2016, all but four states cut per-student higher education spending—some by as much as half.60

        Community colleges, which are highly engaged with workforce education and where much of the country’s lower-income and working-class students go, have had a particularly difficult time. Poor completion rates, often linked to low per-pupil spending, are a major problem.61 Private colleges and universities spend five times more and public universities three times more per student than community colleges, where spending has been declining.62 This reflects an unwillingness to invest in workforce education for the lower economic levels of society.

        Yet to the extent that there is a pathway to workforce education, community colleges are a critical part. Studies suggest that because of the additional remedial help they need, education for disadvantaged students may require 40 percent more funding—but there is no such additional funding available to community colleges.63 The fact that transferability of community college credits and associate degrees to four-year state universities is not assured in at least twenty states is a further problem.64

        On top of all this, community colleges are not necessarily educating students the in the new technologies critical to succeed in the workforce. For instance, although computer science skills are increasingly necessary in many careers, less than 0.2 percent of the 1.8 million first-time college students who entered a community college in fall 2007 went on to earn a bachelor’s degree in computer science by 2014. It’s just one example of where the system is failing: an industry projection indicates that current college graduation rates in computer science will only meet one-third of job demand,65 and community college students continuing on to four-year institutions would help improve that number. New energy technologies represent another skill opportunity not being met.66

        Community colleges are also ideal for providing the lifelong education that will be important to keep improving workforce skills as new technologies are introduced, as well as help workers in a number of licensed professions (e.g., accounting, nursing, engineering) meet the continuing education requirements to retain licenses. But while these institutions do reach older students, they have limited funding to keep up with new advances, such as the suites of new equipment to teach advanced manufacturing.

        Meanwhile, four-year colleges and universities, despite their stronger resources, are largely disengaged from workforce education. Most still think this is a problem for high schools and community colleges.

      
      
        Advanced Technical Education Programs Remain Small

        The workforce education need lies not simply in teaching current skills for routine jobs, which are declining, but in upskilling workers to fill jobs in the production and services sectors—with the new and emerging technologies. That workforce education, though, is very limited.

        Today’s leaders in advanced technical education are the National Science Foundation’s Advanced Technological Education (ATE) program and the advanced manufacturing institutes program begun in 2012. ATE focuses on community colleges to promote the education of technicians for high-technology fields, with thirty-one centers and 278 active projects.67 The centers and projects develop curricula and supporting materials, including online resources, for teaching key advanced skill areas from advanced manufacturing to micro- and nanotechnologies. For example, ATE has made available extensive materials in fields such as computer system engineering and programmable logic control hardware for use in community college courses.68 It is a critical resource for community colleges in terms of their new curricula and online materials for emerging technical fields. But ATE’s FY 2020 budget was only $75 million to provide new course materials and programs for the 5.7 million community college students that year.69

        The advanced manufacturing institutes, part of the Manufacturing USA network, began in 2012 with the aim of boosting the robustness and innovative capacity of the US manufacturing sector and improve its global economic competitiveness.70 Each of its fourteen institutes are regional collaborations of small and large manufacturing firms, regional universities and community colleges, and state and regional governments. The institutes each focus on a specific new technology—from 3-D printing to advanced composites, digital production, photonics, and biofabrication—with programs that reach nearly every state. Seed funding is competitive and comes from the Departments of Defense, Energy, and Commerce; this in turn leverages larger amounts of industry and state funding for each institute. Overall, the federal share is matched two to one by industry and state governments.

        Table 3.2

        Manufacturing USA’s advanced manufacturing institutes’ education programs (2018)

        
          
            
              	Program type
              	Completions
            

          
          
            
              	
                Internship, training, or education

              
              	
                200,169 students

              
            

            
              	
                Certificate, apprenticeship or training

              
              	
                2,630 incumbent workers

              
            

            
              	
                Teacher and trainer training

              
              	
                2,455 teachers/trainers

              
            

          
        

        Source: Manufacturing USA and the National Institute of Standards and Technology (NIST), 2018 Annual Report, NIST AMS 600-5, September 2019, 14, 20, https://nvlpubs.nist.gov/nistpubs/ams/NIST.AMS.600-5.pdf.

        Beyond each institute’s central technology development task, workforce development in the institute’s advanced technology field is also critical. Some of the institutes are beginning to understand that workforce education is their most important way to disseminate their new technologies to achieve actual implementation in firms; without an educated workforce, the technology simply will not scale.71 Each has its own workforce education program, some larger than others. Table 3.2 shows the reach of workforce programs from the advanced manufacturing institutes.

        Innovative programs have been evolving. For example, DOD’s Mantech, which funds the DOD-backed institutes, is supporting them to develop advanced manufacturing technology courses and an online platform to host them. The photonics institute’s workforce program has developed new online MOOCs for optics and photonics fabrication, is introducing virtual and augmented reality into its courses, and has collaborative programs for photonics education with state, private and community colleges.72 Along with ATE, the manufacturing institutes could fill a major gap in workforce education: educating for next-generation skills.

        In a $2 trillion manufacturing sector,73 expenditures in 2018 for the fourteen institutes were only about $500 million (including federal plus state and industry matching funds) for all institute activities, from technology development to capital equipment for demonstration centers; workforce education was only a modest portion of that total.74 Put starkly, neither ATE nor Manufacturing USA is operating at the scale required for a workforce transformation—despite their many creative program elements.

      
      
        A Broken Information System

        On top of all these problems in what needs to be a true workforce education system, there is a broken information system. A sound labor market must be based on sound information shared by the participants (discussed further in chapter 6). But workers and job seekers lack good information about jobs they could qualify for or complementary skills they could acquire. Employers lack tools to evaluate worker qualifications. Education institutions offer more than three hundred thousand different certificates and degrees75 but lack the data to match them to actual job qualifications. Government agencies provide basic job market data but need to assemble more and package this into a system. In short, everyone is missing information about the relevance of education and its relation to actual qualifications.

      
      
        The Difficulty of Institutional Change

        Existing workforce education mechanisms and institutions are a complex, established legacy sector76 that has, over time, “locked in” to technical, economic, social, and political systems that are resistant to change. Higher education, government workforce support programs, and employer training all operate in different spheres, with different missions and within their own established paradigms. They use established technologies and processes, from textbooks to funding formulas, and established delivery models. They have established economic models, from “seat time,” semesters, and degrees for higher education to worker productivity tests for industry. Their social systems support teaching and training, from tenured faculties in higher education to training instructors in larger companies, as well as students and workers with different kinds and levels of status. And there are political supports for the current delivery models, such as state and federal support of existing community colleges, universities, student aid allocation, and worker assistance. None of these delivery mechanisms are easy to alter; making transformative changes across them is harder still.

        The problem points in current workforce education are myriad. Labor Department programs are underfunded and have only a limited focus on advanced technical skills and incumbent and new entrant workers. Education Department programs are not aimed at workforce education and are not linked or complementary to the Labor Department programs. Vocational and career technical education programs in secondary schools have largely been dismantled. Publicly supported community colleges are underfunded and lack the resources to provide advanced training in emerging fields. For-profits have a problematic completion rate. Colleges and universities are disconnected from workforce education. And there are vital missing links. Lifelong learning, advanced technical education, labor market information systems, and connections between school and work are all missing in action.

        Models for change are needed, along with change agents to implement them. Within what is a maze of largely disconnected actors lurks a potential workforce education system that can emerge only with much better connections and pathways among the actors and can eventually be leveraged into a larger overall system that could move toward the needed scale.

      
    
  
    
      
        4

        Technology versus Jobs

      
      Like a number of major automakers, Toyota—through its US-based Toyota Research Institute (TRI)—is pursuing a project to develop a fully autonomous vehicle, which it calls Chauffeur. In parallel, TRI has its Guardian project to develop next-generation driver-assist safety systems. At the 2019 Consumer Electronics Show in Las Vegas, TRI showed a vivid 3-D video reenactment of a three-car crash on a California freeway.1 Although no one was injured in the crash, the video was jarring.

      The video was shown to demonstrate how new technologies could have avoided the crash. TRI researchers developed a precise simulation that was then translated into a learning tool for the car to figure out its options, in a split second. They recreated the scenario on a test track, using real vehicles and a guided, soft target, dummy vehicle. TRI believes Guardian now has the technology to avoid that three-way collision situation.

      Unlike Chauffeur, Guardian is being developed not to replace human control of a vehicle, but rather to enhance it significantly by foreseeing pending accidents and implementing corrective responses in coordination with driver input. With Guardian, TRI is “doubling down on humans,”2 working on blended envelope control that combines and coordinates the skills and strengths of the human and the machine.3

      In an age of tremendous concern about machines replacing humans, particularly in the workplace, Guardian is being developed as an automated safety system to enhance a human driver (of course, it could also be used with an autonomous driving system). In this case, the machine does not replace but complements the person. TRI’s safety project is on a much faster track than its autonomous vehicle project, where it has found that the complexities of urban driving create major implementation barriers.4 Gill Pratt, TRI’s leader, says about autonomous vehicles, “Americans tend to completely overestimate what can be done in five years and completely underestimate what can be done in fifty.” But the complementary role is on a different timeline.

      While our society periodically panics about automation, economists have long argued that the introduction of new, productivity-enhancing technologies always increase overall employment, net and over time—even if they disrupt this or that established sectors. Since the advent of the Industrial Revolution in the eighteenth century, they have always been right. But the panic is pervasive today.

      In February 1961, Time carried a story expressing concerns identical to those of today: “The number of jobs lost to more efficient machines is only part of the problem. What worries many job experts more is that automation may prevent the economy from creating enough new jobs . . . Throughout industry, the trend has been to bigger production with a smaller work force . . . In the past, new industries hired far more people than those they put out of business. But this is not true of many of today’s new industries.”5

      Automation concerns led President Kennedy to create a US Labor Department Office on Automation and Manpower that same year.6 President Johnson followed with a Commission on Technology, Automation, and Economic Progress in 1964. Then strong economic growth and wage growth set the concerns aside. But a severe recession in the 1980s led to new panic. One economist predicted that artificial intelligence would idle 20 percent of the workforce in a generation; another wrote that “what happened to horses will happen to people.”7

      Earlier in this century, futurist Ray Kurzweil wrote of a coming machine intelligence infinitely more powerful than all human intelligence combined.8 More recently, researchers have predicted information technology–driven shifts more dramatic than those of the Industrial Revolution,9 and a “fourth Industrial Revolution” that will dwarf “anything humankind has experienced before,” potentially disrupting labor markets and increasing inequality.10

      What might be the most widely-known specific projection is that machine and deep learning, robotics, and computerization put 47 percent of both blue- and white-collar jobs in the United States at high risk of being automated.11 Toyota’s Guardian, however, suggests that complementarity, not displacement, could be how robots enter the economy at scale.

      
        Complementarity or Displacement?

        The debate over complementarity or displacement has been raging, particularly since around 2010. Through print and online articles, books, podcasts, and public presentations, researchers, businesspeople, and social activists have been lining up, usually firmly on one side or the other.

        On the displacement side, the arguments often confront the standard view of economists that technology-driven productivity over time increases jobs—essentially arguing that increases in computing power and the expanded capabilities of information technology make lower-skill work and even white-collar jobs in finance and other areas vulnerable to displacement. This leads to a higher rate of economic inequality and a continued thinning out of the middle class—even, potentially, creating a kind of neofeudalism in which unemployment increases, further exacerbating class competition and driving down wages until the consumption-based US economy falters.12 Some have proposed solutions for managing rising inequality that seem politically unlikely: redistribute wealth through Pigovian and other taxes13 or establish a guaranteed basic income.

        That’s the displacement side of the argument. Those on the complementarity side sometimes begin by pointing out that the occupations predicted to lose the most jobs are those that have seen limited productivity growth in recent years. If machines were entering the workplace at scale, goes the argument, reducing workers and making work much more efficient, as projected, this would be signaled in the productivity data. Instead, we’re in a productivity slump. And further, were IT-based automation and corresponding large-scale technological displacement imminent, we would also expect to see a sharp increase in related investment levels—but even five years after the end of the Great Recession, in 2014, computing and software investment as a share of GDP was still at only 3.5 percent and has continued at this lower level ever since.14 Another argument on the complementarity side concerns the so-called lump-of-labor fallacy, the idea that there is a fixed amount of work to do with no new work appearing when it’s done.15

        However, data shows that new technologies have created their own employment, meaning they often offset the amount of work “lost” to automation.16 And when the number of jobs at risk of automation is analyzed based on a more targeted job content approach—that is, what a worker actually does as opposed to what a job description suggests might be automated—workers usually turn out to be doing more than the tasks that can be automated. This means the share of jobs potentially at risk of automation is much lower than that 47 percent projection.17 This is buttressed by data on the ratio of jobs to workers, which actually increased from 1980 to 2016 despite the advent of IT during that period—suggesting that while up to a quarter of today’s jobs could be significantly affected by automation, dystopian warnings are not in order.18 Of course, since automation does affect more routine jobs the most, the disruption that does occur could most affect those with the lowest education and therefore least prepared for it, including Latinos and African Americans.19

        Economist David Autor—we introduced his barbell model in chapter 2—comes down on the complementarity side. He argues that most commentators tend to overestimate the amount of automation that will substitute for labor and goes further, noting that automation, overall, can change work content and thus increase the opportunity to create quality employment.20 So it can also augment work, improving its productivity and removing rote tasks. He notes that people’s desire for new products and services appears insatiable—another reason we won’t run out of job opportunities. A 2019 MIT task force he co-chaired on “Work of the Future” reported that slow labor force growth, a rising proportion of retirees to workers, and more restrictive immigration mean that industrialized nations may be facing more job openings than their workforces can fill.21 Incremental advances in e-commerce, internet services, and online and mobile delivery have been ongoing; they tend to require new skills but have not been creating large-scale job disruption.22

        While studies indicate robotics has, over a quite extended period, created modest job losses in the United States, there has been no net job loss in Germany—which has much a higher level of industrial robots per worker—over a decade-long period.23 Overall, the picture to date is more of a symbiosis between people and machines than outright displacement. The symbiosis line of thought was first articulated by J. C. R. Licklider, a psychologist and computing visionary, who argued that what became personal computing would enable human enhancement, not replacement, with computers doing what they do best (calculations, storing and retrieving data, accessing information, etc.) and people what they do best (insights, seeing patterns, identifying new ideas, etc.).24 More recently, David Mindell updated this view, finding underwater and aerial drones, planetary robot rovers, and semiautonomous vehicles are extenders of human reach, not replacements.25

        This debate—and, more importantly, what actually transpires—clearly matters in the context of workforce education. If massive technological displacement lies ahead, one could argue we should just forget about workforce education. But if the complementarity argument is the right one, and work content is just shifting—even if the shift is massive—we need to understand how to adjust the education content.

        Meanwhile, we cannot ignore other causes of workforce polarization and income inequality—particularly what has been happening in manufacturing more generally. Historically, the manufacturing sector has always led productivity advances, based on the introduction of new technologies. The service sector typically lags well behind.

        As discussed in chapter 3, US manufacturing output has made a slow and still incomplete recovery since the Great Recession (lower output, again, does not signal a rise in automation). US manufacturing productivity growth has also shifted sharply downward, to historically low levels.26 If automation is not responsible for the massive losses in US manufacturing jobs, they can be largely explained by trade pressure and the faltering US competitiveness that resulted, affecting some two-thirds of the 5.8 million manufacturing jobs lost between 2000 and 2010.27 While the manufacturing sector could have mitigated trade effects by accelerating technology advances to make it more productive, instead manufacturing productivity rates dropped.28

        It’s worth noting briefly that until the early part of this century, there was a general consensus among economists that trade could affect national wages in modest ways, but had no effect on employment.29 But what some economists have called the China shock—beginning with China’s entry into the World Trade Organization—seems to have changed that: the resulting disruption led to significant reductions in jobs, numbers of plants, and employment per plant.30

        
          An Economist Warns about Trade

          Harvard economist Dani Rodrik has attacked economics orthodoxy for its failure to alert the public that global trade had distributional effects in developed nations, creating gaps between the well educated who do well in global trade and the less educated who tend to do badly.a The economics mainstream, he argues, understood that the long-standing view that trade would not affect employment was full of questionable assumptions and contingent conclusions. Still, in public they discounted the domestic costs of free trade and greatly overestimated the gains, despite mounting evidence that their consensus view was wrong.

          Although job offshoring, a decline in routine jobs, a hollowing out of the manufacturing sector, and advancing technologies were also causes, trade appears to be have been the largest disrupting factor.

          A more integrated global economy offers major economic benefits, raising GDP among trading nations, but the process of integration requires offsetting approaches to assist those affected.b Economic optimism allowed those approaches to be neglected.

        
        aDani Rodrik, Straight Talk on Trade (Princeton, NJ: Princeton University Press, 2017), x–xii.

        bDavid Autor, “Trade and Labor Markets: Lessons from China’s Rise,” IZA World of Labor 431 (February 2018): 1, https://wol.iza.org/articles/trade-and-labor-makets-lessons-from-chinas-rise/long.

        If trade has been the largest disruptor, which makes even clearer that productivity advances have not been the cause of the job shifts, it confirms that an automation revolution simply has not yet occurred.31 But knowing that doesn’t solve the workforce education problem—especially because the fact that a full-blown IT-driven automation revolution has not yet occurred doesn’t mean it won’t. We can only be certain, given the trends of slow productivity growth and low capital investment, that it’s not going to be tomorrow.

        That means there will be some time to prepare and adjust the workforce to reduce the disruption that technological change could cause. The coronavirus has put additional economic pressure on many firms, which will further slow the introduction of new process technologies and automation until after a fuller recovery takes hold.

        Where are the robots? A 2019 MIT survey of forty-four successful small and midsized manufacturers in three states found only a handful of operating robots.32 Why so few? Firms stated that the cost of a robot itself was only a quarter of the cost of getting it up and running on a production line, making them costly, and firms were reluctant to trust integrator companies with the competitive secrets of their production systems. Firms with a mix of high and low volumes and different production jobs were reluctant to adopt robots that are most cost-efficient for high-volume, stable production. Some supplier firms complained that if they could be alerted by their larger customers of more assured volumes of parts orders, they would be more willing to install robots, but the traditional information disconnect between larger US firms and their suppliers apparently remains. Robots were proving useful, however, for unsafe, heavy, and unhealthy work, protecting workers from the dangerous side of production. The study suggested a robot invasion would take time.

        We can explore what the shift might look like and uncover in advance some of the effects that will be felt in the workplace over time that could help us ensure that the workforce can be ready.

      
      
        Complementarity and Augmentation

        We can say up front that work will drop in areas that can easily be automated. But in other areas, where more human input is required, jobs may even grow and new occupations may even arise, offsetting automation on overall employment. Our MIT colleague David Autor refers to three simultaneous labor force developments when new technologies arrive; they provide a good way to categorize what needs to be done. With labor enhancement, workers will get new tools and new productivity; task displacement means technology will displace tasks within jobs, or the jobs themselves; and there will be new tasks created by the new technology.33 In other words, there will be real substitution of technology for workers, but there will also be complementarity—new jobs and job tasks creating and enabling the new technology—as well as worker augmentation, giving workers new tools to better handle their jobs.

        We can see these factors playing out in the following three snapshots.

        
          Snapshot 1: A Modern Industrial Plant

          Let’s look first in a typical modern industrial plant setting: Steelcase, based in Grand Rapids, Michigan, best known for its office furniture. Largely due to international competition, Steelcase shut seven of its nine US plants and shifted production abroad, including to China, Mexico, and India. To keep its two remaining plants in Grand Rapids competitive, it cut back on the number of workers and adopted automation technologies, including industrial robotics. There are automated assembly lines. Robotic arms lift tabletops once hauled by laborers. Computerized controls run equipment and workstations that detail production steps for workers, control parts access, and help assure that each production step is followed correctly.

          Steelcase’s current Michigan workforce is able to work much longer before retiring because there is far less heavy lifting for them in the workplace. Safety has also been enhanced significantly, and workers have a cleaner, less noisy, and more productive factory than in the past. When a production problem develops, they can troubleshoot it quickly by reviewing the computerized data. There are also more college-educated engineers involved, evaluating tasks and ensuring an efficient, “lean” production model.

          Workers have generally welcomed being rotated through a range of different positions, rather than doing the same thing for years at a time. As one worker commented, “It’s just getting to be a much more comfortable atmosphere around here. The technology is really helping that kind of thing, too. Instead of taking responsibility away from you, it’s a big aid. It’s definitely the wave of the future here.”34

          That’s what work augmentation can feel like. While the computerized process controls mean there is quite routinized work under computerized directives, there are also new jobs for workers with the technology skills to maintain and operate the new computer-driven machinery. And while sophisticated new technologies have to be understood, programmed, and maintained at complex new levels, computerized controls also mean the technologies themselves may become more straightforward to operate. Just as personal computers have become easier to use over time thanks to a better human-machine interface, so too do the computerized controls on new technologies, over time, become simpler. It is a manageable mix of complexity and routine.

        
        
          Snapshot 2: White-Collar Jobs and Artificial Intelligence

          We have entered a new period in which new cognitive technologies and artificial intelligence are already automating some work involving basic decision-making in areas such as medical diagnosis and stock selection.35 This is causing alarm—but it is also an opportunity for complementarity. As a popular cartoon caption reads: “You’re not being replaced by a robot, you’re being replaced by someone who understands robots.”36

          The algorithms that drive AI still must be created by manual human labor—which makes machine learning still largely human work. Figuring out how to optimize something is a computer problem, but what to optimize remains a human decision. AI is not autonomy. It is augmented intelligence, not a replacement for humans.

          So although AI may not replace humans, it may replace jobs and tasks within jobs, as well as enhance job performance. But even if the effects on employment of AI and machine learning are more complex than the simplistic “end of work” story emphasized by journalists, the implications for the workforce going forward are still quite significant.37 AI can get better and better, but it will remain behind human capabilities for a long time, including those capabilities that make up much of work: judgement, tacit skills, and common sense.38

          AI offers an opportunity for complementary jobs. There is a shortage of AI software designers and data scientists, to be sure, but some experts are recognizing that organizations also need full cross-sector teams that include data engineers, data architects, data visualization experts, and, perhaps most important, a new employment category—translators.39 These are needed to ensure organizations achieve real results from their AI and analytics initiatives. Translators are not necessarily analytics professionals and may not have deep technical expertise in programming or modeling, but they can bridge the technical expertise of data engineers and data scientists with the operational expertise of marketing, supply chain, manufacturing, risk, and other frontline management functions. Their role is to translate AI and analytics to enable impacts that can be scaled up. One estimate states that demand for translators in the United States alone may reach two to four million by 2026.40 Even if the low estimate is off by half, that’s a lot of complementary jobs.

        
        
          Snapshot 3: An Advanced Manufacturing Digital Factory

          MxD (the digital manufacturing institute) focused on digital production technologies and processes and related workforce education, is one of fourteen new advanced manufacturing institutes. Working with the Manpower Group, MxD explored what digital production would actually look like in a factory setting and what new complementary jobs and skills would be required to accomplish digital production at scale. It found that a series of new work domains will establish the patterns of work, tools, and technologies needed for digital manufacturing and design.41 These are worth describing because of the large number of complementary jobs, as well as job or task substitution, they clearly imply:

          
            	•	Digital enterprise, the overarching digital model organization, is built on information systems and work relationship connectivity, as well as research partnerships and engagement with external technology communities.

            	•	Digital thread includes the guidance, integration, and security of data across the product lifecycle, which must be both interoperable and secure.

            	•	Digital design includes the digital tools to design, simulate, and plan a product through development.

            	•	Digital manufacturing and processing includes digital-enabled tools, technologies, and work that produce and assemble a product line.

            	•	Digital product involves a product’s digital data and connectivity to the production enterprise so that product feedback can be incorporated into subsequent design and production.

            	•	Supply network includes the technologies and work that supply the components and materials for production and move a product to customers.

          

          The MxD report estimates that 165 new digital tasks will be required in an advanced manufacturing enterprise to meet domain needs. Each will incorporate new domain-relevant digital technologies and processes and will need workers trained in new skills to fill new technician, specialist, professional, engineer, and management roles both inside and outside an enterprise.

          It was an ambitious effort to think through what a new production facility must actually look like to take advantage of the productivity gains offered by digital technologies. It is a picture of what might genuinely be needed in terms of a new workforce for digital production. But it cannot be implemented unless the workforce is ready.

        
      
      
        The Reemployment Problem

        Of course, augmentation and complementary jobs will not be the only story. To date, the culprits in the loss of jobs have largely been trade and globalization, but the coronavirus has created job disruptions and additional problems lie ahead as technological displacement increases over time.42 There will be those who lose jobs and must be assisted, not ignored.

        Workers who are displaced can—depending on their skill level—have trouble being rehired (especially older workers) and face pay cuts if reemployed. Sometimes, the problem of getting a new job persists for years—even when unemployment generally is at a relatively low rate.43 The pay cuts can be sizable,44 and those with less education, older workers, and those with longer tenures at the job they lost all faced heightened problems.45 Most of those who exhaust unemployment benefits have had to change industries or occupations, and wage declines can last for two decades.46

        When the loss of a job turns into longer-term unemployment, the effects on health can be serious. Stress is a particular problem, and stress-related problems often include loss of sleep, weight gain, and increased use of alcohol or drugs. Despite a need to seek medical help for stress, many displaced workers put off healthcare for themselves and their families.47

        Older workers face a harder time finding jobs and greater earnings losses than younger workers who lose their jobs, and they can often face longer periods of unemployment.48

        Just as we’ve already seen in the reemployment effects from globalization, we can project that technologically displaced workers with less education, older workers, and those with longer work tenures will face the greatest problems in finding new employment. It will take them longer to find work that will likely pay less than their old jobs. They’ll suffer from health problems. The current supporting infrastructure is no more ready now than it has been as it has failed to mend the socially disruptive experience of globalization over nearly two decades. Job polarization is a reality now upon us.49

        The bottom line is that the emerging complementary jobs and augmented work, as well as assisting the displaced, largely depend on creating a new and better workforce education system.

      
      
        A Framework for Understanding Skills

        Snapshots such as those earlier in this chapter are useful illustrations, but they are not enough. Are there general frameworks that will give us a better idea of what kinds of jobs will face technology disruption so that mitigating policies can be developed? Some labor and education economists have been working to define the categories of work that technologies will absorb and what they leave for people to dominate.50

        Technology can reshape work faster than skills and training can keep up; the major technology thrust now reshaping work is, of course, computing.51 Because computers perform some tasks faster and cheaper than people, but are inferior to people in others, we’re seeing a new division of labor between human and machine. With a fuller understanding of which kinds of tasks computers will do better than people, and vice versa, we can begin to reshape our skills acquisition landscape accordingly. In other words, we can consider the skills required for the work that will be led by people and the ways computers can assist that work.

        Labor economist Frank Levy classifies all labor force tasks into five broad categories that provide a framework to understand better the kinds of work that could be affected by the growth of digital technologies. On one side are routine manual tasks and routine cognitive tasks, which can be computerized; on the other are nonroutine manual tasks, complex communications tasks, and expert thinking tasks, which are harder to computerize.52

        We’ve already seen reductions in jobs in the routine task categories, especially jobs in the lower middle of the earnings distribution held by clerks, assembly-line workers, low-level accountants, and customer service representatives, while tasks involving complex communication and expert thinking are increasingly significantly.53 The trends point to a hollowing out of the job system. As computerization increases, labor markets will increasingly reflect these trends, with continuing strong growth of well-paying jobs in technology-rich workplaces for higher-end tasks involving expert thinking and complex communication.

        How do we need to think about training for advanced skills such as expert thinking and complex communication? Levy argues that a computing-rich workplace will require foundational skills, including numeracy and literacy, that go beyond the basic: basic math is not sufficient for managing the abstraction of computerized systems or operations, and basic reading skills are not sufficient to enable mastery of computer-based designs and processes. The problem-solving skills needed compare in many ways to the expert thinking category because the problems go beyond the rules-based solutions with which computing can help. Workers will need capabilities in case-based reasoning that can draw on the experience and knowledge of others. Technology can be complementary here, and workers will need a knowledge of how to use digital tools and a knowledge of how to structure problems, set goals, measure progress, reflect on one’s thinking process, and make decisions about continuing with or adopting a particular approach to a problem.54

        Put simply, “many middle-skill tasks are susceptible to automation [while] many middle-skill jobs demand a mixture of tasks from across the skill spectrum.”55 A medical technician, for instance, enjoys relatively well-paid middle-skill employment, doing tasks that combine technology with interpretation. It is a good example of a future in which routine and nonroutine tasks will increasingly coexist within an occupation to the extent that they complement each other, and the quality of the service performed will improve when the worker combines technical expertise and human flexibility.

        Because of this required mix, we cannot draw absolute lines in defining routine and nonroutine tasks or in deciding which will stay or go. “Many of the middle-skill jobs that persist in the future will combine routine technical tasks with the set of non-routine tasks in which workers hold comparative advantage—interpersonal interaction, flexibility, adaptability and problem-solving,” writes economist David Autor.56 The heart of his point is that much of the gain from new workplace technologies will both require and accrue to people.

        

        A number of the conclusions of a National Academies study of information technology and the workforce track with what we’ve reported here. It notes that people remain better than computers at numerous tasks, including those that require “creative reasoning, non-routine dexterity, and interpersonal empathy.”57 A major part of the upcoming workforce story will involve complementarity—new tasks and jobs formed to complement the opportunities new information technologies create. Advances in these technologies will, over time, automate some jobs, as well as create new jobs; importantly, they will also augment the ability of workers to perform many jobs better. Admittedly, as further IT advances emerge, they could play a role in exacerbating the social disruption and growing economic inequality (to date, largely from globalization) in the United States. But the demand for workers with skills that “emphasize creativity, adaptability, and interpersonal” capabilities, as well as new technical skills, will increase as more routine information and manual tasks decline.58

        New technology advances accelerate the need for new kinds of workforce education, so more people can ride these IT-based innovation waves rather than be submerged by them. The middle ground of complementary work, where the new technologies augment human potential, will need particular attention because this will entail the creation of new tasks and occupations.

        Our society largely ignored the dramatic social effects of globalization. We cannot make the same mistake with how technology is affecting employment. As new technology advances take hold in the future—and this likely will be incremental—we have time to develop new labor market assistance programs for those most affected.59 Most important, the workforce education system must change to meet the needs of this changing labor market.
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        The Three Sectors: Manufacturing, Healthcare, and Retail

      
      Developments in the workplace cannot be understood solely at the national level; the American economy is also sectoral. Each economic sector, while connected, is different and needs to be understood in its context. Here we take a close look at what has been evolving in three major sectors—manufacturing, retail, and healthcare—and draw some lessons about what workforce education needs will be. These three sectors account for nearly fifty million members of the US workforce, which is well more than 30 percent: 12.8 million manufacturing workers, 15.8 million retail workers, and 20.1 million healthcare workers.1 Our economic well-being will be determined, in significant part, by what will evolve in these sectors. Two of the sectors are classified as services, while manufacturing is considered a goods-producing sector. Before we dive into each sector, though, let’s step back for a broader look.

      While mid- and longer-term job projection is difficult, the periodic projections from the Bureau of Labor Statistics about where the workforce is headed are the best we have, and the BLS attempts to accommodate many variables. Its key projections from the Fall 2019 report—which relate to the 2018–2028 period—are worth reviewing.2 Obviously, this projection from late 2019 could not have foreseen the economic disruption caused by the coronavirus in 2020. Yet because it made decade-long estimates, it still merits a close look.

      
        	•	Total employment will grow by 8.4 million jobs over that period, reaching 169 million jobs in 2028.

        	•	As the labor force continues to age, the overall labor force participation rate will decrease to 61 percent, down from a peak of 67 percent in 2000 (well before the 2007–2009 recession).

        	•	As the baby boomers age, the share of workers over fifty-five (a group at a low level of participation in the labor force) will grow to 25 percent of the workforce—up from 22.4 percent in 2016 and 16.8 percent in 2006.

        	•	Industry employment will grow at a rate of 0.5 percent per year from 2018 to 2028—slower than the 0.8 percent annual rate from the preceding ten years and much slower than the historic rates seen during the decades leading up to the 2007–2009 recession.

        	•	New jobs will overwhelmingly be in the service sector (some nine in ten), resulting in more than 7.6 million new jobs, or 0.6 percent annual growth.

        	•	What the BLS terms the manufacturing sector is a major part of the goods-producing sector. The manufacturing category will decline at an annual rate of 0.5 percent, while the goods-producing sector overall will decrease by a rate of 0.3 percent per year over that same period.

        	•	Retail trade is expected to decline by 0.1 percent annually, largely because of e-commerce entry, although there will be a parallel increase in transportation and warehousing employment.

        	•	In contrast, jobs for healthcare practitioners and technicians and in healthcare support will grow by almost two million, approaching one-third of all new jobs; this growth will make healthcare the largest employment sector by 2028.

        	•	Healthcare and related occupations will account for eighteen of the thirty fastest-growing occupations. (Of those thirty fastest-growing occupations, entry to 60 percent of them will typically require some level of postsecondary education.3)

      

      There is another overall trend that will affect these sectors and needs to be accounted for: the percentage of routine jobs has been in sharp decline since 1990:4 34 percent then and only 25 percent by 2014. These jobs include both routine manual jobs that involve repetitive work, such as assemblers and packers, and routine cognitive jobs, such as bank tellers. The overall trends, then, are as follows:

      
        	•	Modest overall job growth, constrained by an aging workforce

        	•	Service sector jobs continuing to dominate new job creation

        	•	Healthcare becoming the largest job sector

        	•	Postsecondary education increasingly required for the fastest-growing occupations

        	•	A significant decline in routine jobs

      

      
        Manufacturing

        Donald Trump’s 2016 election was in significant part based on his appeal to working-class voters in states most affected by the loss of one-third of US manufacturing jobs between 2000 and 2010.5 While this has led to extended discussions of manufacturing’s role, debates over manufacturing support are not new.6

        In summer 1791 in Philadelphia, Alexander Hamilton drafted his “Report on Manufacturers,” probably his most innovative report to Congress. Opposing the exclusively agrarian orientation of Jefferson and Madison, he found that “manufacturing establishments not only occasion a positive augmentation of the produce and revenue of the society . . . they contribute essentially to rendering them greater than they could possibly be, without such establishments.”7 As Hamilton proposed, “Manufactures, and particularly the means of promoting such . . . will tend to render the United States independent of foreign nations.”8

        Hamilton was arguing that American independence from the era’s contending great powers, and ultimately its liberty, would depend on building a strong manufacturing sector. Because “it is the interest of a community, with a view to eventual and permanent economy, to encourage the growth of manufactures,” Hamilton made a series of what we would call market failure points; opposed laissez-faire, noninterventionist arguments; and advocated government support and “bounties” to foster manufacturing.9 And applying innovation to manufacturing was one of his ideas; he advocated federal encouragement of “new inventions . . . particularly those, which relate to machinery.”10 A few months later, he concluded that “a spirit of manufacturing . . . will serve to promote essentially the industry, the wealth, the strength and the independence and the substantial prosperity of the country.”11

        Acting on his ideas, Hamilton backed what we would today call a public-private partnership with Paterson, New Jersey, and its Passaic Falls, a seventy-seven-foot water drop, to found what became a cluster of factories now considered the birthplace of America’s industrial revolution.12

        Hamilton’s arguments still echo in a 2018 Department of Defense (DOD) report, which found a series of macrofactors to be creating challenges to the nation’s industrial strength. These included the “decline of U.S. manufacturing base capabilities and capacity” in the form of “reductions across the U.S. manufacturing and defense industrial base [that] affect the viability of suppliers, overall capacity, and capabilities available domestically.”13 This problem was exacerbated by “domestic industrial and international trade policies of competitor nations [that] directly or indirectly degrade the viability, capabilities, and capacity” of the US industrial base.14 These industrial base problems were made even worse, the DOD found, by “diminishing U.S. STEM and trade skills” and “gaps in American human capital, including a lack of STEM talent and declining trade skills, diminish domestic capabilities to innovate, manufacture, and sustain.”15

        As the DOD stated, “The roots of America’s defense industrial base are planted in the broader manufacturing ecosystem” and “the manufacturing sector is the backbone of U.S. military technical advantage.”16 The 2017 US National Security Strategy concurred, stating, “The erosion of American manufacturing over the last two decades, however, has had a negative impact on these capabilities and threatens to undermine the ability of U.S. manufacturers to meet national security requirements.”17 The report called for a series of governmental steps, including development of an advanced manufacturing strategy, pursuit of advanced manufacturing opportunities, direct investments to support suppliers, and workforce development efforts.18

        American manufacturing has indeed been in decline. While most Americans believe the United States has lost manufacturing to low-cost producers in Asia because of high US wages, Germany—where manufacturing wages are much higher—tells a different story. Manufacturing accounts for almost twice as large a share of GDP in Germany as in the United States, and the country runs a massive manufacturing trade surplus, including with Asian nations. Germany has maintained a strong manufacturing ecosystem for its manufacturers that closely ties innovation and production, undertakes collaborative research and development (R&D) between small and large firms and university engineering, and has a skilled manufacturing workforce of world renown.19 Its system of more than seventy Fraunhofer Institutes is a public-private partnership that effectively pursues each of these tasks.20

        In contrast, the United States faces a series of gaps in its manufacturing innovation system, beginning with the hollowing out of the manufacturing sector. Between 2000 and 2010, the United States lost some one-third of its manufacturing jobs, driven largely by international competition.21 Only 18 percent came back by 2017, and by 2018 US manufacturing output was still 4.7 percent below its prerecession 2007 level.22 The output problem is reflected in productivity levels. While US manufacturing productivity was increasing by an average of 2 percent per year from 1992 to 2004, it declined by an average of 0.3 percent per year from 2004 to 2016.23 Manufacturing productivity grew at less than 1 percent from 2011 to 201824 and stood at 1.2 percent in 2019. In turn, investment in capital plants, equipment, and IT is also at historically low levels, and the United States has been running a massive trade deficit in overall manufactured goods that rose to $868 billion in 201625 and a 2018 deficit of more than $120 billion in advanced technology goods.26 The job loss data is a signal of a hollowing sector, with sixty-four thousand plants closing from 2001 to 2013.27 The low productivity level signals an underlying innovation system problem.

        While the United States once had firms and supply chains organized in a more vertically integrated system, a financial model of short-term returns with a focus on “core competency” led to firms going “asset light” and to a thinning out of the manufacturing ecosystem, including its shared best practices in production and training across supply chains—especially for small and midsize manufacturers.28

        There is also a scale-up problem. While there are many industrial sectors, there tend to be three kinds of manufacturing firms—multinationals, small- and midsize firms, and start-ups. Large multinationals are generally strong, but they are global, need to be in international markets, and increasingly have been producing abroad. Small and midsize manufacturers (those under five hundred employees) produce 46 percent of US output29 but have trouble obtaining the financing to scale innovation; to survive, they tend to be risk averse, thinly capitalized, and perform little R&D.30 While the United States relies on entrepreneurial start-ups with venture capital financing to bring innovation into the economy, venture capital is focused increasingly on returns from software, services, and biotech. “Hardtech” firms that planned to manufacture received only 5 percent of venture funding investments in 2015 and thus are effectively being blocked from scaling their innovations.31

        Another problem stems from the disconnect between innovation and production. In the United States, it’s R&D and not manufacturing that is considered the source of innovation. But innovation is a system, from R&D through production stages, and the failure to understand production as a key part of that system is a fragmented view. Production, especially initial production of a new technology, requires very creative engineering and typically reconsideration of the underlying science in dense feedback loops leading to final design and production.

        In the post–World War II period, the United States had an “innovate here/produce here” system and reaped the full spectrum of gains from every stage. This has increasingly shifted to a distributed system of “innovate here/produce there,” aided by information technology advances.32 Because production is part of the innovation system and most products require a close connection between production and innovation, a “produce there” system increasingly risks morphing into “produce there/innovate there.” Because there is a now a close link between production processes and the R&D efforts they require, losing manufacturing capacity in various products means the United States losing the R&D capability behind them as well.33

        Manufacturing still generates two-thirds of US R&D and company patents, but there is already evidence that firms are losing market share to trade cut innovation activities and investments.34 If the United States wants to keep pioneering new technologies, we will also need manufacturing strength. A strong innovation system is crucial to the US advanced economy; a technology strategy disconnected from manufacturing advances leads to a broken innovation system.

        In the context of these gaps, the weak workforce education in the United States becomes an exacerbated problem. After shedding 5.8 million jobs in the 2000s, it became increasingly difficult for US manufacturing to attract workers, even with baby boomer retirements and tight labor markets creating regional shortages in manufacturing skills. The entire system is upskilling; the jobs lost in manufacturing in the 2000s were largely in lower-skill fields, and skilled workers are now needed. Sound markets, however, require access to sound information; the broken US labor market lacks both an information system to help employers and employees navigate it and a system for effective skills training.35 If the United States is to move into advanced manufacturing, there is no effective system at present for educating the workforce in the advanced skills it requires.

        If the innovation system for production has significant gaps, can the United States apply its still strong innovation system to fill them?

        
          Reviving Manufacturing-Led Innovation

          The United States has R&D-led innovation, but other countries—Germany, Japan, Korea, Taiwan, and now China—have manufacturing-led innovation. Because of its remarkable mass-production capability, the United States led world production output after World War II. No other nation was close. The United States assumed this would continue and focused on the R&D stage.36 Japan’s leadership of the quality production paradigm led the United States to try to catch up on quality in the 1970s and 1980s, but not to adopt a manufacturing-led innovation capability along with its R&D-led innovation. Some policy leaders now suggest, in effect, that it’s time to do both by pursuing policies for advanced manufacturing.37

          Scientists and engineers tell us that a series of new advanced manufacturing paradigms may be in range that could transform manufacturing efficiency, productivity, and returns. These new production paradigms will include the following:

          
            	•	Digital production: a mix of advanced information technologies, radio-frequency identification (RFID), sensors, and the Internet of Things applied in every stage and element; new decision-making from machine learning and big data analytics; advanced robotics; supercomputing; simulation and modeling

            	•	Advanced materials: a “materials genome” capability, applying supercomputing to design all possible materials with designer features to fit specialized needs for strength, plus light weight and resilience

            	•	Biofabrication: including synthetic biology

            	•	Nanomanufacturing: fabrication at the nano-scale that enables new precision and capabilities

            	•	Mass customization: production of single products or small lots at the cost of mass production, to allow for highly customized goods, enabled by 3-D printing and new computerized processes

            	•	New distribution efficiency: information system advances that yield efficiencies in distribution, supply chains, and connecting with customers

            	•	Energy efficiency: technologies that reduce the use of energy (which is, in effect, waste) in production to cut costs and raise efficiency

          

          There are also specific new technology areas such as photonics, new chemical and biopharma processes, power electronics, and advanced composites that can translate into both production efficiency and innovative products. The core idea behind advanced manufacturing, then, is to bring the still strong US innovation system more directly into manufacturing. This, in turn, will require new advanced workforce skills and corresponding training. The economic slowdown from the coronavirus pandemic will slow down firm interest in adopting new production paradigms, but over time this will require attention.

          The innovation system gaps we have discussed are structural problems in the manufacturing system and require systems solutions. Manufacturing, of course, is overwhelmingly in the private sector, as will be advanced manufacturing. Even Defense Department procurement, while sizeable, supports only some 8 percent of manufacturing output.38 A government-only effort won’t work; an approach that engages the private sector more thoroughly to address system needs is required if it is to scale. The advanced manufacturing institutes model, a collaboration that brings together industry, universities, and state and federal governments, began in 2012 and now includes fourteen institutes, with programs that reach companies in nearly every state in most of the new technology areas listed previously. It attempts to deal with the gaps in the system by

          
            	•	connecting small and large firms to restore the thinned-out ecosystem;

            	•	relinking innovation and production in collaboration between firms, universities, and governments;

            	•	pursuing production innovations to grow efficiencies and productivity;

            	•	providing shared facilities for scale-up; and

            	•	building a skilled workforce to implement and disseminate advanced production technologies into companies.

          

          These features address key structural issues, but the institutes face a limited timetable of federal support because they currently have five-year terms. The structural problems, though, are longer-term problems and require longer-term leveraging from federal investments. There are signs that these terms will be extended for successful institutes.39 The industrial base needed if the United States is to have sustained technology leadership is at stake.

          America’s key trading partners and competitors spend much more at the governmental level on their manufacturing bases and invest more in advanced manufacturing than does the United States.40 The leading example is China. Its share of world manufacturing output grew from 5.7 percent in 2000 to 22.4 percent in 2012, while the US share fell to 17.4 percent.41 In 2016, China established a $3 billion fund for advanced manufacturing, and in 2019 it created a $29 billion fund for semiconductor advances alone, which far exceed US investments.42 There is growing recognition, however, of the importance of maintaining this base in the United States.43 No one actor, including the government through its contracting role, can generate all the new manufacturing technologies and skilled workers and suppliers on which it depends. Instead, a system is needed in which a connected network of firms, universities, labor, governments, and national and corporate labs together nurture the next generation of production technologies, processes, and education infrastructure. The market alone does not support efficient levels of investment in these networks, often called a manufacturing ecosystem or the industrial commons. The institute model is designed for the problem of getting to advanced manufacturing.

          A National Academy of Engineering 2015 study, “Making Value for America,” noted that manufacturers serve and depend on complex networks of activities that “span multiple locations, companies, and economic sectors” and include services and software.44 These networks create complex value chains, and those that rely on manufactured goods either as a part or as a delivery mechanism “account [in the United States] for 25% of employment, over 40% of gross domestic product, and almost 80 percent of R&D spending.”45 And while the sector producing information and communications technologies has been growing much faster than manufacturing since 2008, it still accounts for well below half of the value added from the private goods-producing sector.46

          Manufacturing is indeed a critical area. The report found that “the greatest threat to American prosperity is not that other countries will get better and catch up to—or surpass—the United States; it is that the United States will fail to keep improving itself and thus fall behind as other countries continue to improve.”47 Advanced manufacturing, then, appears to be a priority task—one that will require new technologies and therefore new training.

          Restoring American leadership in production innovation may prove crucial to our continued innovation leadership, which the nation has viewed as our core competitive advantage. The public-private manufacturing institute partnership model, because it addresses structural problems in the manufacturing innovation system, appears to be an important route for the federal government to continue to pursue. In parallel, it mandates new training systems to implement the new technologies.

        
        
          Coronavirus Effects

          How will the coronavirus pandemic affect these developments? Obviously, a number of significant services sectors have been badly hit. And it will be difficult to restore companies, particularly small companies, that have failed. But for manufactured goods, theory suggests much demand will remain. If you needed a car before the coronavirus, that demand will remain. However, aerospace, a leading high-end manufacturing sector, has been hit hard by airline cutbacks, leading to canceled orders. The broader economic effects of the pandemic will limit overall buying power for a time, including for manufactured goods. However, the political system seems to have learned, and then tried to practice, the Keynesian lesson of governmental intervention in both the 2008 and 2020 downturns.

          Firms with vulnerable global supply chains appear to be particularly vulnerable from the pandemic. COVID-19 will not be the last “black swan” event for the economy; climate effects may offer more. And calling these black swans misstates their predictability—infectious disease experts have tracked the successive SARS, MERS, and Ebola outbreaks and have long noted the likelihood of a global pandemic. Further, predictive efforts are well underway for climate effects. But resilience, previously not a major factor, could be a new value in looking at the strength and value of firms. This will mean companies will want more direct control over supply chains. The financial model of requiring firms to pursue only their core competency and go “asset light” may be shown by the pandemic to be a problematic model, at least in some sectors. A rethinking of the extent of global supply chains may occur. If so, this could force some reintegration of tasks within firms, as opposed to the distributed sourcing model many had been following. This could mean less offshoring.

          For example, Apple’s distributed production model, with its manufacturing in China, came about in part because of the short product development cycle of its product lines. The model was more labor intensive because more automation requires longer product cycles. But what happens to the Apple model? Will firms with globalized production have to produce more in their home market areas to assure these home markets?

          Much depends on whether the financial sector adopts a reintegration lesson. Firms initially will be tempted to get back on their feet quickly by contracting out and distributing production because financial pressure may have cut resources for internal investments. But the value of a more integrated model and the additional control and resilience this provides may be appealing over time. Even if the financial sector remains oriented to the short-term advantages of wholesale distributed production, government may want to consider requirements for secure domestic supply chains in critical industries. This seems to be the case particularly in medical products, devices, and therapies, given the shortages underscored by the pandemic. But there may be broader pressure for strengthening and controlling supply chains that could reach other critical areas of manufacturing, including defense-related sectors, forcing some rethinking of the distributed production approach. The need for more flexible manufacturing so that firms can shift quickly between production lines to meet new production demands rapidly may become apparent, with corresponding new production technologies and processes. The pandemic will weaken firm resources and so reduce the ability to shift to new production technologies and the productivity gains that go with them. But over time this should revive. All of these production changes will require new kinds of skills.

        
        
          Manufacturing Workforce Trends

          To summarize points made thus far, the United States has been trading places on manufacturing output share with China, which now leads world output. Because its innovation leadership is at stake, key analysts believe the United States needs a way to restore its production leadership.48 Many see advanced manufacturing as a way for the United States to compete with lower-cost, lower-wage nations by raising efficiency and lowering production costs, enabling it to better compete. Innovation also brings its own rewards: it can bring about new and often unforeseen economic opportunities. There may also be pressure from the coronavirus pandemic for more secure supply chains and less distributed production, which may relocate some production in the United States in critical sectors. While the economic fallout from the virus may reduce initial pressure to raise productivity through new technologies, over time this should return. New technologies are not the only means to productivity gains; a more productive workforce also can be the source of new efficiencies. New training efforts will be needed to implement the opportunities presented by advanced manufacturing.

          But are there production-sector job openings that would require training? The United States has created more than a million new manufacturing jobs since the lowest point of the Great Recession,49 although manufacturing is still a long way from its employment level in 2000. The Bureau of Labor Statistics projects a decline between 2016 and 2026 in its production workers category,50 but that is largely composed of the more traditional manufacturing jobs, where the numbers of lower-skilled employees have long been declining, and doesn’t necessarily reflect the higher-skilled jobs the sector is moving toward. For example, manufacturing conducts more than two-thirds of US R&D, and industrial firms employ over 60 percent of STEM workers.51 STEM-based jobs are projected to grow by 10.9 percent or over a million jobs by 2026,52 but those dynamics are not captured in existing production categories, nor are many computing and software positions that manufacturing will likely require. It’s important to note that manufacturing also has a rapidly aging workforce, with 3.8 million workers over fifty-five; these positions will need filling as well.53 So while manufacturing may have a declining share of overall US jobs, there will clearly be many jobs to fill in the sector.

          The manufacturing workforce is already upskilling. Workers with high school educations or less by 2016 made up only 43 percent of the manufacturing workforce; some college education is increasingly required.54 But if the United States adopts advanced manufacturing, it will need a suite of even higher skills in manufacturing.

          Senior manufacturing executives, according to a 2018 Deloitte survey, overwhelmingly believe there is a skills shortage for what may be 2.4 million jobs to fill between 2018 and 2028.55 A 2014 report by Accenture for the Manufacturing Institute asserted most manufacturing employers contemplated increasing their employee numbers, but said they were experiencing a skills shortage, that these shortages were starting to affect earnings, and that companies were investing in training, spending $3,000 annually for new hires and $1,500 for incumbent employees.56 Given the decade of manufacturing layoffs, others find this projection problematic.57 But one economist suggests a nuanced analysis: there likely are particular shortages for workers with the skills to manage the latest technologies.58 We don’t measure the skills they require, making a shortage hard to pin down. But manufacturing will require new skills due to technological advances, which suggests there will be openings for more skilled workers.

          In general, manufacturing workers continue to be quite well paid. In 2017, the average manufacturing worker earned $84,832 annually, which includes pay and benefits and an average wage of twenty-seven dollars per hour.59 This is $18,000 more than the average worker in other, nonfarm industries.

          Manufacturing has long been understood as the economy’s largest job multiplier: manufacturing processes raise demand for raw materials, energy, construction, and services from a wide range of supplier industries,60 and many tasks manufacturing companies used to do themselves—from back-office operations and accounting to some logistics—are now contracted out. Contracting out is an example of backward linkage among major economic sectors; manufacturing’s is the highest. Growth in manufacturing output encourages additional output and growth in other sectors, both directly and indirectly, in terms of jobs, investment, and innovation.

          These are quite dynamic factors. One standard estimating process indicates that for every dollar spent in manufacturing, another $1.89 is added to the economy—the highest multiplier effect among economic sectors.61 Manufacturing’s effects on the economy are even greater when the entire manufacturing value chain plus manufacturing for other industries’ supply chains are taken into account; manufacturing could account for one-third of GDP and employment. That taken into consideration, the Manufacturers Alliance for Productivity and Innovation (MAPI) estimates the total manufacturing multiplier effect at $3.60 for every dollar of value-added output, with one manufacturing job generating another 3.4 workers elsewhere.62

          Another underlying issue that affects the manufacturing workforce and the viability of new training efforts has to do with the tendency of US manufacturing employers to treat their workforces as a variable cost that can be readily cut whenever downturns threaten. But what may have worked when workers were predominantly low-skilled and readily replaceable may be problematic as manufacturing becomes more technologically advanced. As economic and political sociologist Fred L. Block has noted, US manufacturers’ “employment strategy simply won’t suffice in the technologically sophisticated context of advanced manufacturing, where employees have a significant level of skill and management is dependent on their judgment to manage and supervise the production process to get the best possible results. Such employees cannot be treated as throwaway people; they need to be recognized as a vital and important part of the enterprise.”63

          Germany, which is also moving to implement advanced manufacturing, has figured this out. It sees its workforce, not just capital investments, as key to the production productivity gains needed for what it calls Industry 4.0. Its manufacturing workers are paid much higher wages and benefits, are highly trained, have job protections, and have a voice in management through work councils and often company boards.

        
      
      
        Healthcare

        Healthcare, as noted at the outset, is a rapidly growing employment sector. Driven in large part by the nation’s aging demographics, it is on its way to becoming the nation’s largest job sector.

        There is a big economic inequality in the community of healthcare workers. Well-off doctors are at the top of the chain; a very large group of lower-end, low-paying service jobs providing direct personal care are at the bottom. The sector seems to have a limited middle class providing technical and middle skills, which likely will grow in complexity and need as additional technologies enter the sector. Those at the bottom have very limited pathways for advancement; there is not a good road ahead for them to move to higher skills and better wages. Yet there appears to be a significant need to encourage a stronger healthcare middle class.

        The sector already faces two particular workforce shortages. First, there is a growing shortage of primary care physicians, and the system is struggling with using nurse practitioners, physician assistants, and primary care technicians to fill that gap—which creates significant training needs. One cause of the primary care physician shortage is the lower wages these workers earn compared to specialists—even though basic medical school training costs the same for both. Physician associations have also played a role in supporting specialist versus general medical residencies.64 While one approach to offset the shortage is increasing general medical residencies and subsidizing primary care practice through forgiveness of student loans and increasing Medicare compensation for primary care,65 the other, training more nurse practitioners and physician assistants for primary care, is more comprehensive. Concerning the second shortage, new mandatory mental health coverage requirements and an opioid epidemic are putting heavy demands on the behavioral health workforce for mental health and substance use treatment. These fields have an aging demographic and acute shortages in pediatric and adolescent mental health. There is also a growing training need in this area, including for specialty mental health. In both primary care and behavioral health, pay for professionals through public payer reimbursement rates and fee-for-service practices tends to be higher in wealthier urban areas, which exacerbates shortages in other areas.66 Meanwhile, new healthcare technologies are driving up the need for skilled medical assistants. Professional licensing and scope-of-work requirements, however, create entry barriers to the healthcare workforce, especially for many of the newer “allied health professions.”67

        A tangled web of health policy, economics, education, and established professional cultures make for a tangled web of healthcare workforce issues. Nurses, psychologists, and pharmacists all must have professional licenses that are more restrictive than physician licenses, and these workers are often required to work under doctor supervision. Many analysts now identify licensing laws as limiting the effective use of nonphysicians. Shortages of healthcare professionals also keep prices high for existing providers.

        Mental health is a growing field, but the expert workforce is aging, limited in size, not diverse, and facing growing demands.68 The opioid epidemic highlights policy failures and treatment shortages, in part due to a lack of research on treatment modalities and a lack of trained providers. Some states and localities are developing ways to reimburse paraprofessionals through state Medicaid policies, such as in substance abuse treatment, as a way to increase capacity across the spectrum of care, which includes prevention, intensive treatment, and rehabilitation.69

        Let’s look at some of the key healthcare workforce issues in more detail. First, there are the limiting effects of state laws and regulations, which define the legal scope of practice for healthcare practitioners under a system that increasingly cannot support the workforce innovations needed for an evolving healthcare system, including requirements of the Affordable Care Act. These rules are blocking efficient use of the health workforce by creating mismatches between professional competence and legal scope-of-practice laws. The lack of uniformity in these laws and regulations across states limits workforce deployment, and overall, these laws limit needed overlap in scopes of practice among professions that often share some tasks and responsibilities. The process for changing the laws is slow and contentious. There’s a strong argument that what’s needed is a new alignment process for existing and emerging professional categories, regulatory flexibility in recognizing new health professional fields, and a national clearinghouse for scope-of-practice information.70

        These limitations are curtailing the emergence of allied health, the mix of health practitioners, both established and new, needed to meet growing healthcare needs. It is a field that lacks definition, and clarity is need.71 Although these professions have overlapping skill sets, scope-of-practice laws are limiting application of these skills to patients. Kaiser Permanente and Geisinger Health Systems have provided respected health-delivery systems organized around collaborative, team-based care; medical homes, accountable care organizations, and bundled payment arrangements are emulating this model.72 Yet scope-of-practice regulations limit the ability to implement the lean, team-based, and information technology–enhanced approach. Nurse practitioners, physician assistants, and allied health professions have growing numbers and could help offset the shortage. However, as of 2013, only seventeen states allowed nurse practitioners more independence from doctor supervision, despite particularly serious care shortages in rural areas.

        Another issue concerns new delivery mechanisms. New approaches are evolving that call for additional skill sets in the medical workforce: the expanding team-based approach is one example.73 Another is the patient-centered medical home, where newly skilled technicians and assistants, in addition to doctors, are needed to encompass the use of more evidence-based medicine drawn from sound research findings, use of clinical decision-support tools, better chronic medical care delivery approaches, better and more convenient access to care, use of quantitative indicators of quality care, more health information technology, and ongoing feedback on performance.74 Yet another example is the now widespread retail clinic that offers convenient access to basic health services. These are frequently staffed by nurse practitioners, where allowed by scope-of-practice rules, and research suggests that nurse practitioners can provide significantly lower costs per medical episode if care begins with a clinic visit.75 These clinics also open the door for new kinds of nondoctor practitioners.

        Accountable care organizations (ACOs) are at the center of a new model that ties payments to meeting quality metrics. They are formed by coordinated groups of health care practitioners, including participating hospitals, doctors, and other health workers, with Medicare as the primary payer. They require new groups of technical workers, including those with information technology, data analysis, and other skills.

        New technology advances will also drive new training requirements. For example, artificial intelligence, after many years of discussion and experiment, is now beginning to move into the healthcare sector. Early applications have been in imaging—X-rays, CT scans, MRIs, echocardiograms—because of the large volume of data they provide for analysis.76 We are still a ways from AI diagnoses,77 but risk stratification is a key mission in which it could assist.78 Thus, AI could help predict the likelihood that patients with particular conditions and various characteristics will need to be readmitted to hospitals, which could lead to improving their care after discharge to avoid readmission.79 There is a significant new workforce opportunity here that could significantly enhance team-based healthcare, but the technology also creates a significant new training demand.

        There are, then, new training needs for the healthcare workforce. While team-based delivery mechanisms likely offer better care, health professionals are not trained in collaborative skills, doctors are often noted for noncollaborative tendencies, and doctors are also burdened by many tasks for which they are not trained, including computer data entry and analysis, patient education, and insurance inquiries and management.80 These tasks could be better delegated to other qualified personnel, which creates new training needs.

        Increasing the numbers of nurse practitioners, physician assistants, allied health practitioners, and community health workers appears to be one key to meeting America’s healthcare needs. Taking advantage of modern health information technology could enable this group of providers to improve the effectiveness and reach of patient-centered medical homes significantly by providing basic preventive, minor illness, and stable chronic disease care, including in rural and other communities with limited medical resources.81 This will require new kinds of professionals and corresponding training.

        The coronavirus will create some new kinds of demands and therefore new skill requirements. The vaccine development and production process has been exposed as painfully slow given the potential speed of a contagion. Gaps in supply chains for key medical products, tests, equipment, and therapies will require closing. More flexible and rapid production systems for these goods will be needed to fill shortages. Concerning care delivery, the large-scale advent of online telemedicine has put new flexibility into the system and requires medical information system managers. Online disease and infection tracking capabilities first developed in South Korea and other countries are proving to be useful tools in managing the coronavirus; given appropriate privacy protections, some may also be applied to other medical and disease areas in the United States. Capabilities for robotic room disinfection, high-speed health surveys by robocall, remote temperature taking, and robotic supply delivery are all being experimented with during the pandemic. All these new technology priorities will carry with them new skill needs.

        The aging population has needs both for more general practitioners and for particular kinds of specialists. Demand for adult primary care services will grow by approximately 14 percent between 2013 and 2025, but the supply of specialists in the greatest areas of demand growth—vascular surgery, cardiology and neurological surgery, and radiology and general surgery—may be inadequate.82 This will require more training in these areas, including in related allied health fields, as well as moving existing specialists from lower- to higher-priority areas.

        It’s not only specialists that are needed. There is an oncoming problem, for example, with the size of the overall treatment workforce for Alzheimer’s disease and dementia patients as these patient populations grow. The demographics of the baby boomers will create a major policy problem in upcoming decades for quality long-term care, but underinvestment in the training and compensation for the direct care workforce represents a significant barrier.83 We need to change direct care jobs to include a broader range of tasks and roles, with additional training and advancement opportunities to enable this higher-quality care, in what has been a neglected but quickly growing occupation category.

        There are also needs within the mental health and addiction workforce, which has long faced shortages, high turnover, diversity problems, and concerns about its performance.84 The Mental Health Parity and Addiction Equity Act of 2008 required group health plans and health insurers to provide mental health or substance abuse disorder benefits on a similar basis as medical and surgical benefits, which has driven an expansion of services to meet these long-standing needs. The Substance Abuse and Mental Health Services Administration (SAMHSA) in the Department of Health and Human Services has estimated that more than half of US counties have no practicing behavioral health worker, and more than 70 percent report unmet behavioral health needs.85 It has been working to integrate mental health care into primary care settings; implement a workforce training strategic plan; develop training for community health workers on public health screening, brief intervention, and treatment referral approaches using community settings for intervention; and work with historically Black colleges and universities on behavioral health services and workforce training to diversify the workforce in this field.86 We also need to train other kinds of healthcare providers to address behavioral health needs, as well as train and use individuals in recovery.

        On top of all these healthcare workforce needs, students seeking education in allied health fields face difficulties. Skilled technical training is supported by complex and uncoordinated programs at a mix of federal agencies, as well as at the state level, which tend to reflect the unconnected federal programs. While medical school and nursing training are understood, there is limited information available about allied health fields, including on the quality of education programs for training and of job opportunities. Students have a great deal of trouble choosing programs of study that will fit them, and the cost is a problem. “Moving from low-paying, lower-skilled occupations (such as personal care assistants) to higher-paying, higher-skilled occupations (such as registered nurses) requires educational investments that may be a barrier to many potential workers,” writes one economist,87 with funding uncertain and difficult to secure. Career pathways are also not clear; beyond the cost of obtaining credentials, there are issues around scope-of-practice limits, as well as exam and licensing requirements. Mentors and counselors can be important in leading potential workers through the varied mix of training and job opportunities,88 but they are largely missing in this sector. Low completion rates in community college programs that provide the training remain a problem.89

        The healthcare sector, like others dominated by professionals, has a clear preference for skills validated by a four-year college degree. But the more than forty healthcare occupations that fall into the allied health category have no such requirement, and of nearly four million new jobs in the healthcare sector and related areas, 40 percent may go to allied health professions.90 In fact, healthcare professions dominate the BLS’s list of fastest-growing occupations.91 Creation of a strong allied health base could go a long way toward creating the middle class that healthcare arguably needs to offer more efficient, better quality, and more affordable care.

      
      
        Retail

        More than fifteen million people in the United States worked in retail trades in 2019. But by all indications, traditional retail is in deep trouble. Often a first job and a job of last refuge, retail jobs are in trouble as stores, malls, and entire chains close. This all has a domino effect: first the department store closes in a town center or mall, customer traffic falls, and then the stationary store closes, and then the clothing boutique. A nail salon may unshutter some windows, but over time foot traffic drops again, and eventually the ice cream shop, the coffee shop, the restaurant, and the bakery close. Downtown and mall closings spiral, municipal taxes drop, and dereliction becomes inevitable. The coronavirus social distancing rules have greatly exacerbated the situation, shuttering tens of thousands of retail establishments.

        The impact on the American worker has been profound. There may be a way out of this tailspin, but it requires some understanding of recent history and trends in retail.

        The United States saw an extraordinary expansion of the mall over the fifty-year period from its inception in the mid-1950s—more than 1,200 new malls opened, with growth peaking in the 1980s and 1990s. To a large extent, this coincided with the growth of suburban developments after World War II. Department stores and shopping centers grew too, resulting in a saturation of retail.92 In the United States today, there are nearly twenty-four square feet of retail per capita, which is about half again as much as in Canada, which ranks as the next-highest nation.93 Retail was overbuilt.

        Innovation was never a priority in retail, but it did occur. The barcode, introduced in 1974, transformed the cash register and checkout processes. IT enabled better coordination in the supply chain, and warehousing innovations such as cross-docking (directly shifting loads between trucks without storage) improved just-in-time delivery. But the pace of innovation was slow as growth and other factors were prioritized. Much of manufacturing moved to Asia, and cheaper and cheaper goods from overseas spurred the culture of consumption. But there were underlying issues negatively affecting retail: inventory inaccuracies created significant costs; sales were lost because of out-of-stock items; and there were high levels of retail theft, euphemistically termed shrinkage—much of it from employees.94 RFID was developed for inventory tracking; leading retailers were interested, but broad recognition of retail’s operational issues was to come later. Retail labor, meanwhile, suffered from high turnover, at least in part because workers were not considered partners in improving operations.95

        So while retail was an unhealthy industry by the mid-2000s, the portentous signs were mostly invisible from the outside. Then two things, one more sudden and another that had been unfolding for some time, changed retail forever.

        The sudden event was the 2008 recession, which was an existential shock for retail. As consumer confidence dropped, retail sales also dropped to thirty-five-year lows.96 By December 2008, US retailers were saddled with massive inventories, and liquidating became a priority—to consumers, other retailers, or even to other countries.97 By March 2009, average same-store sales in malls were down 6.5 percent; mall closures peaked in 2008 and 2009, and more than one hundred had closed by the end of the year.98 More than six thousand stores closed in 2008, a number to be surpassed only in 2017.99 The traditional brick-and-mortar retail bubble had popped.

        The coronavirus has been a further shock, with hundreds of thousands of employees laid off and tens of thousands of establishments closed, a large number of which lack the resources and depth to reemerge.

        Beyond the recessions, though, retail was suffering from a long slide propelled by online commerce that began, essentially, in 1995, when Jeff Bezos launched Amazon and Pierre Omidyar launched what was to become eBay. By Q1 2009, online retail sales were already $34 billion; in Q1 2019, they were $137 billion.100

        Traditional retailers who thought the end of the Great Recession would portend a brighter future were sadly mistaken. The inexorable force of online commerce has created a long and endless slide. In 2017, there were more than eight thousand store closures. Toys“R”Us and RadioShack are among the well-known brands that have disappeared. Between 2006 and 2016, department store sales were down nearly 30 percent, but square footage decreased by barely over 10 percent.101 Retail debt, real estate costs, and, of course, sales will keep the downward slide going.

        This story of brick-and-mortar retail does not mean that overall retail is in trouble. In fact, according to the Census Bureau in 2019, overall retail sales as a whole have grown, driven mostly by online commerce.102 As for retail jobs, growth recovered somewhat after the Great Recession, but became anemic more recently: in 2016 and 2017, retail jobs did not keep pace with the economy’s job growth,103 and the 2020 pandemic has been a jobs disaster. Retail job growth is also lopsided: department stores employed three times fewer people in 2017 than in 2001, and department stores have lost eighteen times more workers than even coal mining.104 Women tend to be more deeply affected by retail job loss than men because they usually work in the fronts of stores, whereas men typically hold the transportation and warehousing jobs, which have grown at a remarkable 12 percent during the same period.105 In fact, as of March 2019, the United States had a shortage of truck drivers.106

        
          Automation in Retail

          What about robots and automation taking retail workers’ jobs? Storefront jobs are shrinking, and that trend will continue with self-checkout stores (such as Amazon Go),107 automatic checkout at stores using RFID, RFID-based inventory-taking within stores, AI to scan and sort deliveries for store departments, and even robot-based planogram analysis with robots roving aisles scanning inventory.108 But retail shipping, warehousing, and delivery jobs are increasing. That growth, though, is not a panacea. The jobs may be higher paying, but they are more geographically concentrated.109 Furthermore, many of those jobs are also automatable, and will likely dwindle over time. Kiva Systems, a robotics company, was acquired by Amazon to automate aspects of order picking, and self-driving trucks will someday likely automate aspects of trucking.

        
        
          The Rethinking of Retail

          Omnichanneling is a new direction in retail that takes advantage of digital technologies, social media, and mobile devices to redesign marketing for customers, who seek product information and offers in the physical store and from mobile devices. Firms can better allocate and integrate inventory and improve service to customers across physical stores and online channels and can include features such as easy returns and same-day delivery. These links between the physical store and online support must be seamless and mutually reinforcing. Another element, beaconing, uses Bluetooth to send in-store alerts to customers’ smartphones about discounts, promotions, and availability as they peruse particular products. These developments require new IT skills from the retail workforce.

          What does the new retail model look like? To a large degree, it is an outgrowth of what has been called the experience economy and the experience age, in which customers overwhelmingly favor experiences over transactional product purchases.110 This has serious jobs implications. The future of retail may look much more like Apple’s highly committed and trained sales staff, a Genius Bar, no checkouts, Bluetooth beacons, low tables, open displays, and an inviting ambience; these factors have helped propel Apple to have the highest sales per square foot in retail today by far.111 Like at Starbucks, retail will include more online ordering with store pickup (omnichanneling) and smartphone payments at the cash register; like Macy’s, RFID will likely turn more stores into virtual warehouses that enable omnichanneling. And as Walmart is already doing, more retailers will enable shopping online for pickup at stores, with geofencing linked to your store loyalty card so the store gets your order ready as you drive in.

        
        
          Retail Jobs of the Future

          Brick-and-mortar retailers, although hard-hit, are innovating. At the heart of all this innovation are technology and, more than anything else, people. Each new technology and process requires people who are trained, innovative and, in particular, cocreating. Unfortunately, retail workers have been treated as expendable in much of the industry. Staff numbers have dropped 10 percent, salaries have been reduced by about 4 percent, and training budgets have diminished in the decade before 2019.112 Retail pursued lowering staff pay and experience levels following the 2008 collapse, hoping that combined with discounting it would offset the decline. Research, though, shows that it is a store’s staff that drives sales, and training definitively improves staff performance in retail.113 By cutting customer service, much of the retail industry seems to be moving in exactly the wrong direction.

          If people are at the heart of future retail, then training is essential. Customers, awash in a sea of online and in-store product information, want store staff to be their expert guides to products. This will require product knowledge training and process training. Omnichanneling means staff will also need technology know-how to operate across channels.

          There appear to be clear benefits to sales training. At Dillard’s department stores, for example, the average hourly sales of associates who participated in voluntary training through online modules were 46 percent higher than for those who didn’t.114

          Understaffing stores and undertraining workers remove the advantage traditional stores have over e-commerce: a live person a customer can talk to customers about products. The more expert the staff, the larger the potential advantage; training turns out to be critical.

          Our colleague at MIT, Zeynep Ton, has written extensively about treating retail workers like partners; she makes an apt connection between a “good jobs system” and manufacturing’s noted Toyota Production System.115 The successful physical retail operation, she argues, will be more staff-centric, with a focus on enhanced process training. Retail’s focus in recent years on reducing wages does not lead to better performance; retailers that focus on staff training and satisfaction achieve better staff performance. Trained staff can simplify operations by reducing product lines and promotions so staff can focus, perform multiple tasks, eliminate waste, and improve decisions by participating in those in which they are directly involved.

          In fact, opening education opportunities has become a key strategy to retain employees at some large retail companies. Employee turnover is a major problem for many retailers; staff training can increase worker job commitment, and many large companies are turning to college tuition reimbursements as a way to keep loyal, committed employees—including, for example, Starbucks, Amazon, Walmart, and Peet’s Coffee.116

          In short, retail is shifting to a new survival model that seeks to merge online and brick-and-mortar shopping seamlessly. It aims to give traditional retail the advantage over online shopping that comes with face-to-face contact. If store staff are experts, fluent with products, costs, and online channels, they will be sought out for that expertise, which is difficult to replicate online. The new people-centric retail model means upgrading retail staff. But the model requires new training initiatives in a sector that historically has been weak on training. The coronavirus has hit small and large retailers hard, so it will be difficult for them to move to a new model. Innovation, accelerated by the coronavirus, will continue to affect the sector. While online and warehousing jobs are growing and offsetting retail clerk job losses, automation will affect these jobs over time. New technologies, though, as in other sectors, have the potential to create jobs as well—which also will require new training programs.
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        The Broken Labor Market Information System

      
      Adam Smith explained that market economies operate through an “invisible hand,”1 but what was that hand? In 1945, Friedrich Hayek argued that a market is an information system.2 Economies seeking to allocate resources and goods efficiently through societies with millions of market participants (both people and firms) had what Hayek called a “problem of the utilization of knowledge which is not given to anyone in its totality.” Pricing in a market, he wrote, is “a mechanism for communicating information.” Markets work, then, through the aggregation and transmission of information among the participants, and the better the underlying information, the sounder the market. Markets with good information systems could be far more efficient than, for example, groups of central planners who inevitably have only partial information.

      Is the US labor market an efficient one? Harvard University labor economist Richard Freeman sets out the basic issues: “The United States has an exceptional labor market. With less institutional regulation than is found in any other major advanced country, it relies on decentralized wage setting to determine pay and provides workers with lower safety nets to deal with unemployment, disability and health problems. It gives managers great rewards and power.”3

      The United States has the most decentralized workforce management of any developed nation. Its labor market is highly individualized and localized, and so is fragmented with relatively few information connections between participants. The information disconnects are affecting managers as well as workers. But at least one expert argues that we have “dysfunctional” information systems behind our labor and education markets.4

      Efficient labor markets, like all other markets, require good information flow and widespread participation—which we lack. On the supply side, younger workers face difficult education decisions, especially at ages seventeen or eighteen, that will largely determine their work futures; they must act with limited understanding about their options and therefore on limited information. It’s even worse for displaced workers, who lack the tools to understand job openings and education and training options. And managers are increasingly frustrated in their ability to hire and retain the talent they need in an ever more complex technological society.

      There is a highly complex array of disconnected actors:

      
        	•	Recognized occupations grew from 269 categories in 1950 to 840 in 2010.5

        	•	Among employers, we have more than 251,000 manufacturing firms alone.6

        	•	The number of colleges and universities more than doubled between 1950 and 2015, from 1,851 to 4,627.7

        	•	The number of college students grew almost nine-fold from 2.28 million in 1950 to 20.2 million in 2014.8

        	•	Postsecondary programs of study quintupled between 1985 and 2010, from 410 to 2,260,9 and today there are more than 300,000 different certificates and degrees offered.10

        	•	The nation has some 39,600 public and private secondary schools.11

        	•	Unions today represent only 6.5 percent of the private sector workforce.12

      

      The disconnects among all these actors exacerbate the information problem. On the supply side, the certificate and degree programs lack the data to match them to actual job qualifications. Therefore, employers lack information about the relevance of education and of actual qualifications. On the demand side, job seekers face great challenges knowing their employment options, where those jobs might be, the skills they require, and how those skills could best be acquired. The sharp decline of unions figures into the equation because they once played a significant employee aggregator and information transmission role.

      Our labor market information system is broken. Workers and employers alike are largely flying blind.

      All of this is complicated by the vast array of agencies that collect relevant data. Workforce and labor market information has primarily been provided by a few federal agencies: the Bureau of Labor Statistics and the Employment and Training Administration in the Department of Labor, the Census Bureau in the Commerce Department, and the National Center for Education Statistics in the Department of Education are the primary data collectors.13 But a large number of others also collect relevant data: the National Agricultural Statistics Service in the Department of Agriculture, the National Center for Health Workforce Analysis in the Department of Health and Human Services, the National Center for Science and Engineering Statistics in the National Science Foundation (NSF), the Office of Research, Evaluation and Statistics in the Social Security Administration, the Bureau of Economic Analysis of the Department of Commerce, the Statistics of Income program for the Internal Revenue Service in the Treasury Department, and the National Center for Veterans Analysis and Statistics in the Department of Veterans Affairs.

      
        A Job Navigator

        It’s a mess—but suppose we had a work navigation system. There could be online-delivered interventions to help workers facing job dead ends find work opportunities requiring skills adjacent to their own that they could master. The navigator could be an online guardian that collects and scans occupation shifts and alerts employees, finds relevant job openings, and identifies the skills needed on new jobs—from soft teamwork skills to basic education skills to technical skills. The system could be finely grained and nuanced around jobs, skills, and openings. Government job displacement data and training support information could also be delivered.

        Such a navigator could also link workers to training interventions, including training opportunities from colleges and community colleges. Schools are increasingly developing online education programs. Online accredited degree programs are growing, offered both by individual schools and consortia; digital technology firms offer online programs in topics related to their software; and certificate programs—many of which are open to anyone who wants to complete the courses, even without obtaining the certificate—are extensive. Other microcredential programs are growing. Could increasingly available online education and training content be linked to job opportunity and qualification information? An online navigator that delivers information on job shifts and job openings could also find and deliver the training that fits a worker’s opportunities.

        The navigator would be multipurpose. It could alert clerical retail workers to what’s happening to retail jobs in their area, to retail job sectors holding firm and those that are fading as online warehousing expands. It could alert these workers to complementary service fields that are expanding, such as restaurants, hotels, or office work. Healthcare is an expanding sector in most communities, but applicants often require new skills. The navigator could link health, manufacturing, or retail workers to job training courses, link to online education for new skills sets, and link to new job opportunities—and it could alert employers to newly trained workers that fit their needs. In other words, we could build an efficient labor market.

        Countries like Germany, Austria and Switzerland have famous apprenticeship-based workforce education systems.14 There is a rich information system behind them, based largely on shared personal knowledge and face-to-face education and exchanges that worker and employer participants understand. The United States is unlikely to replicate those kinds of workforce education systems, but we could build an online information navigation system that substitutes for a person-to-person system.

      
      
        The Navigator’s Role

        What would a navigator look like? Think about how Netflix sends you movie recommendations based on the kinds of movies you have been viewing, or the way Amazon makes book recommendations. In 2010, LinkedIn created a job recommendation engine that uses what are called content and collaborative filtering systems to compare job profiles with job applicant profiles.15 For example, it enables companies posting jobs to sort and connect to the most relevant talent potentially interested in the job; similarly, it can aid job seekers with information on relevant job openings. More advances are on the way. University of Arizona and LinkedIn researchers are working to predict career paths that could help guide job seekers.16 They are using large digital datasets on employees, skills, and companies to look at job profiles and employment, and then performing data mining to map and predict subsequent career paths. While LinkedIn is focused largely on professionals, the quality job problem is in middle- and lower-skill areas.

        The US Labor Department’s Employment and Training Administration already provides valuable data through its O*NET system.17 If you want to become, say, an electrician, O*NET can answer many questions you might have. It tells you the number of electricians employed nationwide and regionally and that electricians work in a number of sectors, including building/construction and mechanical (with industrial machines, equipment, and tools). It lists the skill requirements, including those on the horizon as the content of an electrician’s job expands. O*NET indicates median wages for the profession and shows projected job growth. There are also state-by-state job trends. O*NET also provides information on job education preparation among the current electrician workforce and explains that vocational school and/or community college for one or two years, plus on-the-job experience, are typically required. In addition, O*NET lists some of the available training offerings.

        O*NET can provide building blocks for more expansive systems. Noting the problems of increased job polarization and declines in income mobility, an MIT Media Lab team is pursuing, for example, more closely defined skill categories, relying on detailed Department of Labor O*NET occupational skill surveys. Their system can identify sets of skills that are highly complementary to produce a larger network of jobs that workers in a specific region could pursue, from pump operator to claims examiner. Their network, called Skillscape, can identify bottlenecks that limit career mobility and help locate pathways through them.18 Overall, it shows that workers with social and cognitive skills versus physical and sensory skills are doing better and that regions with higher numbers of workers with these skills are thriving, and it connects this information to occupations and areas to further help workers consider repositioning themselves.

        Burning Glass Technologies tracks numerous sources for labor market data, from government information to want ads. It applies data analytics and skill mapping, and it presents businesses with a strategic view on skills they will need and where to get them. For government officials, its data can show evolving labor market skill supplies and skill needs to guide workforce training programs and economic development efforts.

        Headai, a Finnish company, is developing a microcompetencies system that maps regions, cities, and organizations, showing in real time the skills most in demand and where they are needed.19 It is working on a way to map online an individual’s skills, identify employment fields that fit that personal map, ascertain additional skill areas that would help the individual meet job demands in other fields, and show the kinds of skills the individual has or is missing for particular types of jobs.20 It will also link the individual to programs to acquire missing skills.

        Another example comes from the Strada Institute for the Future of Work.21 Recognizing a new imperative that workers must adapt and advance their skills throughout their careers because jobs and tasks are changing with new skills required, it has attempted to build a new way of collecting job market and skill data in close to real time. It seeks to understand better just what skills employers are seeking and how these match the skills held by the regional workforce. Its “skill shapes” approach aims to help not only employers and employees but also educators and policymakers to pursue education and economic development strategies that fit their region’s skills.

        The Workforce Investment and Opportunity Act, passed on a bipartisan basis in 2014, called on the US Secretary of Labor to create a new and much larger workforce and labor market information system. The act also provides a full framework for organizing this system,22 and the Secretary of Labor’s advisory council on the legislation developed detailed implementation recommendations in 2018 to form this system.23 Meanwhile, the Census Bureau in 2016 began creating a jobkit site that compiles government job information sources and, since 2018, has been developing more in-depth data on postsecondary school employment outcomes;24 NSF in 2019 began undertaking a new National Training, Education, and Workforce Survey;25 and the Commerce Department and the White House formed an American Workforce Policy Advisory Board that began meeting in 2019.26 The Internal Revenue Service and the Social Security Administration hold vast data on income and employment trends that, if made available, could provide important information for an strong database, as could Commerce Department data on companies.

        This rich lode of government data could provide a base for an operating information system that potentially could be complemented by employer and educator data. The example of the US National Weather Service may be relevant. It compiles extensive weather data collected from its nationwide systems, which, augmented by algorithms, forms a strong weather prediction system. It makes that data available to the private sector. This is the source for the Weather Channel and for apps on your smartphone, but also for many specialized companies serving diverse needs in agriculture, insurance, and other weather-sensitive industries. These specialized firms would not have evolved without the government data; in turn, the government itself, if it just held on to the data, would not have developed these specialized capabilities in areas such as insurance or agriculture. Data sharing has worked well for all participants. Evolving something similar for labor market data, with the government sharing its databases and the private sector adding to it, could be key to a new labor information system.

        All these critical elements could evolve into a system that links workers, along with an appraisal of their skill sets, in real time to employers with jobs and the actual skills required. The navigator must help workers not only move laterally to other jobs for their existing skill sets but upward to new and better opportunities; to do this it must suggest additional competencies within range of the worker’s capabilities that the worker could acquire, then directly link the worker to education programs, online and blended, to acquire the actual skills required. As part of that, it must be predictive of where promising employment opportunities lie, helping workers avoid dead ends. And it must guide educational institutions toward offering better programs more realistically tuned to actual skills that will be needed and that carry accepted credentials.

        Overall, to be an efficient information system—for the invisible hand to work—this system must operate at a large scale.

      
      
        Integrating Education and Labor Markets

        The integration of education with the labor market system we need is a particular challenge. A high school education no longer assures a solid career.27 While some college education is increasingly important to career success, simply showing college attendance and solid grades won’t be enough. Increasingly, systems will be needed to unpack credentials and show their value in actual job settings. There is a maze of pathways through college education and training systems that now require measurable outcomes that can translate into workplace needs. Increasingly, states and municipalities that once offered tax incentives to attract employers will need to supply employers with workers that possess sought-after skills acquired through postsecondary education and training. Talent will be the new economic development strategy. Alliances among employers, postsecondary institutions, and states will be key.

        Higher education administrators will need to do a better job aligning their education offerings to promising career fields, which will require them to track the job and career data better and also become much better at getting it to their students. Community and four-year colleges also will have to get better at career counseling. Most students, particularly those with limited workforce experience, make decisions that will dramatically affect their career opportunities and economic well-being with little understanding of how their college choices will affect their employment outcomes. Greater use of predictive analytics and having trained career coaches doing the advising could help avoid these problems. And postsecondary schools should start supporting and developing online information systems in their career services to better match their students with career fields and required education and training. Industry advisory groups could help.

      
      
        Integration of Online Education into a Navigator

        Online education for particular skills can be an important tool for four-year and community colleges as they embark on this integration. One advantage is that online courses can be readily accessed and delivered from a navigation system as part of such a system.

        Online offerings specifically for workforce education are expanding and could be linked into a navigation system. Relevant examples include the following, for example:

        
          	•	NSF’s Advanced Technological Education program, which supports groups of cooperating community colleges, often with regional universities, is already involved in developing online, classroom, and onsite training, often in blended approaches in a series of industry sectors.28

          	•	The Manufacturing Skills Standards Council, which supports the skills certification system for the manufacturing sector, offers thirty-five- to forty-five-hour online skills courses in manufacturing and logistics, organized in modules and available to high schools, community colleges, technical colleges, and workforce investment boards.

          	•	NIST’s Manufacturing Extension Partnership programs offer online skills training in many states; and firms such as 180 Skills, Tooling U-SME, and THORS offer hundreds of online, on-demand courses in a wide range of technical skills, from foundational skills to robotics to welding.29

          	•	The fourteen advanced manufacturing institutes supported by the Defense, Energy, and Commerce Departments are developing workforce education programs for the new manufacturing technologies they support;30 and AIM Photonics, through its workforce academy, is already developing a suite of online courses for technicians and for engineers in photonics and optics.31

        

        Based on what kinds of jobs they want, workers and students need to be able to use a job navigator system to find these kinds of online and blended skills certificate programs. Once they start moving through the programs, they can use the navigator to locate initial and subsequent jobs and get advice on adding to their skills. Bringing new technologies into online learning linked to a navigator—from digital tutors to virtual reality—may help too. The navigator can be a common ground for students, community colleges, and industry to find each other. It can be an education delivery system, tied to specific job search needs.

      
      
        Interoperable Learning Records

        If the navigator could link workers to online and other education materials related to their job searches, how could the resulting credentials or other experiences be validated and made meaningful to employers?

        A working group of companies, educators, and government officials from the president’s American Workforce Policy Advisory Board issued a report in September 2019 calling for interoperable learning records (ILR), which are digital records that can document and communicate educational attainments and credentials as well as learning from experience, training, and professional affiliations.32 Were the steps it advocates taken, an ILR could go a long way toward forming a critical element in a job navigator. Job seekers today rely on resumes, job applications, and formal credentials to tell employers about their skills, experience, and job qualifications. However, this traditional method does not convey enough information. It doesn’t effectively capture the depth of skills workers have acquired on the job or show how current the cited skills are. It tells nothing about the knowledge behind degrees, and it doesn’t verify that workers have the credentials they claim without third-party confirmations.

        The advisory board report noted that it takes an employer forty-two days, on average, to fill a position, at an average cost of $4,129.33 An ILR could be key to making that process much less cumbersome, helping both workers and employers. It could establish common definitions and terms for occupations, skills, and credentials, as well as show and validate all the information about a worker—including the integrity of credential data and the content behind a specific credential—without requiring further validation from education institutions or prior employers. It could be sharable, portable, secure, verifiable, transparent, and interoperable—and controlled by the worker. The worker’s qualifications could link to employer job criteria, showing how they match.

        Getting thousands of education institutions and employers literally onto the same wavelength to create an ILR system will not be easy. But the report sets a timetable for creating an inventory of participants from education organizations and employers, for identifying existing pilots that could be built on, for forming a development group, and for launching a prototype. As the report states, “American learners deserve a way to translate education, training and work experience into records of transferable skills that will provide them opportunities at higher wage occupations. Employers deserve to have a way to communicate to potential applications what skills and abilities they require to fill a position. ILRs that use open standards can bridge education, training and employment.”34

      
      
        Moving Forward to Fix the Broken System

        Of course, unless an information system—the job skill and job opening data tied to rich data on training options and links to the training systems themselves—is made available, no online navigator will work. But there are signs this could be improving. A series of organizations are moving to gather those data. In 2014, in a rare moment of bipartisanship, Congress required the Labor Department to build a better system of workforce information and the data behind it. As the Labor Department’s 2018 advisory panel recommended, better identification “of in-demand occupations and industries” to “fill a career awareness gap” for workers would benefit from new databases from unemployment wage records; expanded information collection on occupations, skills, and credentials; a new career awareness education framework; and better information on the changing nature of work—along with improved data sharing, new involvement by states and other agencies, and new analytics.35

        Labor information systems are receiving increasing attention. For example, the US Chamber of Commerce Foundation is encouraging employers to develop a much deeper skills identification system for jobs they need to fill, tying it to a new, more dynamic job registry through its T3 skills credential and standards innovation network36 and Clearer Signals job registry.37 Some 160 education and training institutions have collaborated to build a common online Credential Engine registry, with a search system to help both employers and workers understand the skills behind their certificates and degrees.38

        With such data systems, education providers would be better able to tailor education to actual skill needs. Online education could be a way such a navigation system scales, potentially creating a common ground for the triangle of workers, employers, and educators. With this data, a genuinely needed job navigator to help guide American workers and employers through the maze of our dysfunctional labor markets could be enabled.

        If we can build the information, we can build this crucial workforce tool and rebuild the market.
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        The University Role in Workforce Education

      
      The United States was the first to develop mass higher education.1 Its development paralleled the rise of American industrial and then technological leadership that moved toward ascendancy beginning in the closing decades of the nineteenth century. Public universities began with Thomas Jefferson’s state-supported University of Virginia in 1819 and multiplied through the passage and implementation of the Morrill Land Grant College Act in 1862, which created a nationwide system of public institutions of higher education supported at the state level. It was supplemented by the GI Bill following World War II, which in turn played a key role in moving a growing portion of the population through higher education. At its peak in 1949, nearly half of all students admitted to college were veterans, and many institutions nearly doubled their student bodies.2 The GI Bill played a key role in democratizing higher education.

      Today, public institutions provide some three-quarters of American higher education. Together, the Morrill Act and the GI Bill may constitute the most important social legislation ever passed in the United States because of the remarkable economic well-being that has reached such a large number of higher education participants. Federal student aid programs and federal research programs that fund science and engineering student researchers have supplemented the earlier legislation. Expenditures on higher education amount to 2.6 percent of US GDP, still the highest percentage in the world.3

      
        Higher Education as an Engine of Economic Mobility

        Harvard economists Claudia Goldin and Lawrence Katz have portrayed the societal advantages—indeed, the necessity—of continually raising the college graduation rate. They argue that the continuing technological advances in industry since the Industrial Revolution require an ever-increasing level of technological skill in the workforce.4 In effect, there are two curves: an ever-growing curve of the technological advance implemented by industry, and a corresponding curve of the technological skill base in the workforce needed to support this technological advance. In a successful, technologically advanced economy, the societal skill base curve must stay parallel to and ahead of the technology implementation curve because the two curves interact and are mutually interdependent.

        In this context, we can see how higher education has become increasingly tied to societal economic well-being. In particular, mass higher education was a critical step in ensuring that the skill base of the US workforce stayed ahead of the curve while new technologies were implemented.

        For a hundred years, the United States kept the education curve ahead of the technology implementation curve, but beginning in the late 1970s we allowed the higher education graduation rate to stagnate. Goldin and Katz argue that this stagnation is a major cause of the growing income disparity in the United States, highlighted in chapter 2.5 While the US upper middle class kept ahead of the technological skill curve, increasing its graduation rate, the lower middle and lower classes did not.6 The resulting gap in the skill base created a wage premium for the upper middle class and left the other classes behind. The income gap continues to grow, and there is a close correlation between these income disparities and college graduation rates.7

        Clearly, higher education has societal importance. While the college graduation rate has grown in more recent years, there is still much room for progress (table 7.1).

        Beginning during World War II, the amount of federally funded research was multiplied twenty-fold, and many universities added significant research to their roles as education providers. This research led universities to play a growing economic role in their regions, which expanded further with passage of the Bayh-Dole Act of 1980, which enabled universities and their researchers to retain the intellectual property value of their federally funded research. In more recent years, a growing number of universities have become important generators of entrepreneurial start-up companies based on their research.8

        Universities are now seen as critical actors in regional innovation clusters and ecosystems, often linked with small and large businesses and providing talent and research to cluster capabilities.9 A 2017 Brookings report found, for example, that communities in the Great Lakes–Rustbelt region with strong area universities have been able to leverage these as economic assets to help get through the area’s overall economic challenges of recent decades.10 The region has twenty of the world’s two hundred top-rated universities, nearly all state-supported public institutions. Satellite campuses of these leading state university systems are also central to attracting and preparing talent and serve as anchors for new business growth and economic development in many of the region’s historic industrial and trading cities. In turn, these college and university towns boast among the highest educational attainment levels across the Midwest, which contributes to high and rising incomes in the local communities. The report found that higher education anchors many of the Rust Belt counties that boast above-average incomes. The Midwest’s colleges and top-tier public universities generated a disproportionate share of the nation’s research, innovation, and talent. With 31 percent of the nation’s population, Rust Belt states produced 35 percent of the country’s bachelor’s degree holders, 33 percent of its STEM graduates, and 32 percent of higher education degrees awarded.

        Table 7.1

        US college attainment (2018)

        
          
            
              	Level of attainment (postsecondary)
              	Percentage reaching attainment
            

          
          
            
              	
                Graduate or professional degree

              
              	
                12.2

              
            

            
              	
                Bachelor’s degree

              
              	
                21.1

              
            

            
              	
                Associate degree

              
              	
                9.2

              
            

            
              	
                Postsecondary certificate

              
              	
                5.2

              
            

            
              	
                Total, with postsecondary credentials

              
              	
                47.6%

              
            

            
              	
                Some college (no credential)

              
              	
                15.4

              
            

            
              	
                High school graduate (or GED)

              
              	
                26.0

              
            

            
              	
                9th–12th grade (no diploma)

              
              	
                6.7

              
            

            
              	
                Less than 9th grade

              
              	
                4.3

              
            

            
              	
                Total, some college, high school, or less

              
              	
                52.4%

              
            

          
        

        Source: Lumina Foundation, “A Stronger Nation: Learning beyond High School Builds American Talent,” Lumina Foundation (report), February 12, 2018, https://www.luminafoundation.org/resources/a-stronger-nation-report.

      
      
        The Critical Role of Higher Education in Workforce Credentialing

        Research at universities is not their only or most significant economic role. Increasingly, institutions of higher education across the board—public colleges and universities, four-year private nonprofits, and two-year community colleges—are central to providing the critical credentials required in the workforce.

        
          Growth in Colleges and College Programs

          A high school education is no longer enough for a good job future; entering the middle class requires some post–high school education.11 That’s the new economic reality—reflected in a quintupling of the number of postsecondary programs of study (for-credit degree and certificate programs)12 between 1985 and 2010, from 410 to 2,260; between 1950 and 2014, the number of colleges, universities, and community colleges more than doubled, from 1,851 to 4,724, outpacing population growth.13 All this has transpired as complexity and specialization in the workforce have continued to rise: the number of identified occupations grew from 270 in 1950 to 840 in 2010.14

          
            Alternatives to College?

            In their book Other Ways to Win, Kenneth Gray and Edwin Herr of Penn State’s College of Education decried this situation of college as “the one way to win.” While some 30 percent of high school students are academically strong and most of these can readily shift into four-year schools, the rest have been told that going to a four-year college is the only accepted course. In general, they have to absorb the idea that if they don’t go this route, they are “losers”:

            
              Some (30%) of these teens go to work full time though few will have been prepared to do so by their high school. And the rest? They go to college not really knowing why except they do not know what else to do, and despite being somewhat unprepared to handle college studies. And of course, most [in this middle group] fail with mathematical predictable certainty . . . There are, of course, many reasons why teens in the academic middle lose out in high school, [including] that they are somehow less important than the academically blessed . . . This is not however the central problem. The core is that virtually everyone has come to believe in the “one way to win” paradigm.a

            

            Although Gray and Herr go on to delineate alternative routes to success for those who don’t get to college, they fully acknowledge the ascendency of the college degree.

          
          aKenneth Gray and Edwin Herr, Other Ways to Win, 3rd edition (Thousand Oaks, CA: Corwin Press, 2006), 5.

        
        
          Importance of the College Degree

          These signs of demand growth for college reflect the growing centrality of college education in the workforce. Workers with a college degree during the slow economic recovery between 2010 and 2016 added 8.4 million jobs, while workers with only a high school diploma added only eighty thousand jobs in the same period; these workers, in effect, experienced no job recovery.15 In that same period, those with associate degrees or some college gained 3.1 million jobs. To state it another way, nearly all the jobs created during the recovery between 2010 and 2016—some 11.5 of 11.6 million—went to workers with at least some postsecondary education, with those with college degrees taking 73 percent.

          Other data shows that workers with a college degree or higher took almost all the jobs in high- and middle-skill occupations: 5.8 million high-skill and 1.9 million middle-skill jobs between 2010 and 2016.16 Workers with at least some postsecondary education captured the vast majority of good jobs that pay more than $53,000 for full-time, full-year work with benefits, such as for healthcare and retirement. Those without any postsecondary education are increasingly facing low-skill, low-wage jobs. These workers lost 181,000 high-skill jobs and 951,000 middle-skill jobs since the recovery began in 2010. With declining quality employment for the less educated, workers with a college degree or higher by 2016 made up a larger share of the workforce (36 percent) than workers with a high school diploma or less (34 percent). These trends are not just post–Great Recession, but have been developing since the 1970s, with the percentage of the workforce with higher education assuming an ever-growing share.17 Obviously, this is a historic shift.

          But four-year higher education is not a monolith automatically delivering uniform economic gains. There are key variables that affect its economic role that we need to understand:

          
            	•	The earnings premium for a college degree is substantial and continues to grow.18 Millennials with a high school diploma earned only 62 percent of what the typical college graduate earned in 2016. The median income of recent graduates that year reached the highest level in more than a decade—greater than 50 percent higher than high school graduates.

            	•	Place is assuming a growing role for higher education students, with the majority of incoming freshmen attending public, four-year colleges within fifty miles of their homes.19 For community colleges, the median distance is only eight miles. Upper-middle-class students tend to be more mobile; working-class students are less mobile. So place matters: zip code is a key determinant of life outcomes, affecting whether higher education can deliver economic gains.

            	•	The field of college study affects earnings. The disconnect between college and the workplace is illustrated by data showing that only a little over a quarter of college graduates work in a field directly related to their college major.20 College graduates have much lower levels of unemployment, enjoy better health, and have lower mortality rates, but not all college degrees are equal.21 At the higher end of the earnings distribution were graduates who majored in fields emphasizing quantitative skills, such as engineering, computer science, economics, and finance. But there is another variable: while there is a high economic return initially for STEM degrees, these returns decline significantly after a decade as technological change introduces new job tasks and makes skills in older tasks less valuable.22 The message here, then, is two-fold: it matters what you major in, and you need to keep upgrading your education and skills in technical areas.

          

        
      
      
        Higher Education as a Legacy Sector

        It must be remembered that college education was not initially organized in the United States to provide what we would term career training; historically, it provided a liberal arts education emphasizing foundational skills. While early colleges educated ministers, the development of professional schools accelerated in the second half of the nineteenth century, typically to supplement a college education; these more career-oriented schools taught law, medicine, education, and later engineering and business, and even separate schools for religion. Of course, the land grant college movement that created state universities began to scale after the passage of the Morrill Act in 1862 and emphasized undergraduate practical education in agricultural science and engineering to augment liberal arts and professional education. This was supplemented by graduate education, based on the German university model, in the natural sciences, social sciences, and humanities, developed primarily to train faculty for the higher education system. So with the exception of engineering and agriculture, undergraduate education was not initially designed or intended to provide job skills; that was more a high school or graduate education task.

        After a long emergence, community colleges reached large-scale prominence in the 1960s, in significant part as a way to fill this gap.23 They enroll some 35 percent of all undergraduate students.24 Of course, there is not a single model in US higher education and four-year institutions vary, but as general trends the points noted earlier tend to hold.

        With the shift in labor markets, today’s employers are being forced to reorganize their businesses around computing and information technologies and are understandably anxious about adopting them. They appear particularly concerned that college graduates lack training in these technologies. Computer science is not taught in three-quarters of elementary and secondary schools,25 and universities have trouble hiring and retaining computer science faculty because their salary scales cannot compete with growing job opportunities in the private sector. Colleges and universities often feel they are fighting a losing battle on the computer education front, unable to meet the growing demand. Meanwhile, for-profit coding academies have been sprouting up to fill the void.26

        But even if universities wanted to adapt, change at universities is difficult. Higher education fits the characteristics of a complex, established, legacy economic sector that resists change, including with respect to its cost, price, and demand structures.27 Higher education’s established infrastructure and institutional architecture, coupled with its powerful vested interests—particularly faculties and the academic departments they control—make it averse to innovation. The public perspective on higher education only amplifies the resistance to change.

        Higher education is largely unable to organize collective efforts around reform of learning or curriculum because the system is highly decentralized, scattered among thousands of institutions. Even university systems that join public colleges and universities together within a particular state remain quite decentralized, and many states have not organized such systems. The decentralized nature of higher education institutions means that reforms adopted in one or even some are hard to spread to the others at scale. Bringing change to the sector with these kinds of legacy characteristics in play is particularly challenging.

        In the context of the workforce education needed today, a question is posed: Are universities to convey marketable skills and information, to educate an informed and conscientious citizenry, to develop in their graduates lifelong intellectual and cultural interests on which they can construct more rewarding lives, all of the above, or something else?

      
      
        Higher Education Credentials Are Not a Substitute for Actual Skills

        The absence of an effective US labor market information system (see chapter 6) means job credentials, to the extent they exist, are generally not tied to actual competencies and lack recognition across fragmented labor markets. Although universities are now providing critical credentials to the workforce, they are stuck in these credentialing problems. Because employers provide only limited training themselves and their training investments appear to have been in long-term decline, they seek credential substitutes—especially education attainment as a signal of skills.28 Employers believe educational attainment signals potential (if not job competencies) and hire more and pay more to four-year college graduates.29

        Changing federal regulations helped drive this. Prior to 1978, employers often used cognitive tests to evaluate applicants, but these tests were found to discriminate against minorities and were frequently not related to actual job performance. That year, the Equal Employment Opportunity Commission restricted their use.30 Most employers dropped them, some substituting psychological personality tests (also minimally useful for predicting job performance). After 1978, many employers simply shifted to using college degrees as a substitute for cognitive testing. One study explained it this way:

        
          For many employers, the solution to the shortage of soft skills among their middle-skills applicant pool is to “upskill” the position or to add credential requirements, such as a Bachelor’s degree or more work experience. In other words, companies use credentials like advanced degrees as proxies for soft skills . . . Employers have increasingly come to rely on a Bachelor’s degree as an employment screen, even if it may not be related to actual job duties. This “short-cut” to ensuring soft skills in employees very often comes back to haunt employers. By using overly restrictive screening procedures, employers effectively choke off viable talent from applying to their organization—and lengthen the hiring process.31

        

        Despite being largely disconnected from actual job skills, higher education credentials have come to be a critical employment signal, in significant part because there is no alternative set of accepted actual skill credentials.

      
      
        Erosion of Bipartisan Political and Business Support

        The strong support higher education long enjoyed from both political parties now seems to be breaking down, particularly among conservatives.32 This is a major problem because public higher education depends on solid government support for funding and student aid.33

        Some of this concern about public support for higher education may be related to concerns in the business community. A 2018 study by the Association of American Colleges and Universities (AACU) found solid overall support for college education among business executives and hiring managers, but there were some significant gaps. Table 7.2 shows limited support in the business community for how well colleges do in two areas considered critical.

        Some employers point to a growing “skills gap” against the backdrop of a generally tightening labor market, with a disconnect between education received and the competencies required by an increasingly technical economy. The Manpower Group’s annual talent shortage survey, which polls employers about difficulty filling jobs, reported in 2018 that 46 percent of US employers can’t find the skills they need, and 21 percent say applicants lack required hard or soft skills.34 A 2017 Business Roundtable report found that half its CEO members had “talent gaps [that] are already problematic or very problematic for their companies or industries,” found shortages for workers with basic employability skills and for workers with specialized technical skills, and found that numerous jobs were going unfilled because applicants lacked adequate STEM skills.35

        Table 7.2

        Do colleges train effectively in critical skills?

        
          
            
              	Critical skills
              	Business executives agree
              	Hiring managers agree
            

          
          
            
              	
                Applying knowledge and skills to real-world settings

              
              	
                33%

              
              	
                39%

              
            

            
              	
                Communication skills

              
              	
                40%

              
              	
                47%

              
            

          
        

        Source: Association of American Colleges and Universities (AACU), “Liberal Education and the Future of Work: Selected Findings from Online Surveys of Business Executives and Hiring Managers,” July 2018 (conducted by Hart Research), https://www.aacu.org/sites/default/files/files/LEAP/2018EmployerResearchReport.pdf.

        Shortages were especially problematic for emerging job areas requiring more specialized STEM skills such as in computing, cybersecurity, and data analytics. The report noted, “Many colleges and universities do not offer programs that integrate STEM skills with other disciplines that are needed in emerging occupations. Most postsecondary institutions teach traditional STEM courses such as chemistry, engineering, and math but are slow to recognize that STEM knowledge is needed for many new job categories outside of the traditional STEM fields.”36 Although some researchers counter the skills shortage argument,37 it is clear industry believes there is a gap.

        Some employers in the computer field, including Microsoft and Linux, have begun to develop their own online courses to fill the gap caused by the lack of courses in universities and colleges.38 Colleges and universities turned out only 64,400 computer science graduates with bachelor’s degrees in academic year 2015–2016, according to the National Center for Education Statistics.39 Far fewer graduates are emerging from the pipeline than are needed according to industry projections.

        Overall, however, the point remains that because the IT sector faces a particularly serious problem in finding workers with relevant skills, it has begun to respond by developing alternative approaches outside colleges and universities; other sectors have not. These IT firms are an exception; industry in general appears to have reduced its investment in workforce education in recent decades.

      
      
        What This All Means for Universities

        Higher education is in a predicament. Clear trends show that upskilling and ever-higher credentials are required to succeed in the workforce. Achieving some higher education is now critical to finding a good job. Jobs for those with lesser skills are in decline. At least a two-year associate degree is now required, and the pressure, as the employment data shows, is increasingly toward the four-year degree as critical.

        Universities never thought they’d have to face a workforce issue they always thought was only for high schools and community colleges. Their credentials—their degrees—have become the career differentiator and the de facto determinant of workforce success, but without being linked well to workforce realities. That increasingly frustrates students, employers, and the public.

        The workforce education policy world has largely ignored the university. White House and federal workforce policies in the 2010s focused first on community colleges and then on new ideas for apprenticeship programs led by industry. But the workforce education tide is lapping at colleges’ and universities’ front doors. Public and business support, critical to maintaining these institutions, may depend on their response.

      
      
        College Completion

        If the workforce is upskilling, and the critical credential is increasingly a college degree, then colleges and universities need to raise their graduation rates. Peter McPherson, president of the Association of Public and Land Grant Universities (APLU), goes even further: the mantra for public universities must be “access, completion, and lifelong.”40 It’s not enough to do better at reaching minority and underserved populations. Students need to graduate, and schools need to include more career and lifelong learning.

        To track degree completion in our institutions, we need more than historic data covering an extended period; we need current student tracking data that can provide a fuller picture of what is happening now. The National Student Clearinghouse tracked students entering college in the 2012 academic year through 2018.41 Four-year public and private nonprofit colleges and universities had the best completion rates within six years.42 These rates have been inching up, but more progress is needed. At two-year public community colleges, the completion rate is far lower, which is much more problematic. For more than two million total enrolled students, the overall completion rate within six years for all these higher education institutions is below 60 percent. Table 7.3 sets out the completion data.

        Table 7.3

        Postsecondary completion rates by type of institutiona

        
          
            
              	Type of institution
              	Completion rate (within six years of entry, including at other institutions)
              	Percent of total students enrolled
            

          
          
            
              	
                Private nonprofit four-year

              
              	
                76%

              
              	
                20%

              
            

            
              	
                Public four-year

              
              	
                65%

              
              	
                45%

              
            

            
              	
                Community college (public)

              
              	
                39%

              
              	
                33%

              
            

            
              	
                Private for-profit four yearb

              
              	
                37%

              
              	
                2%

              
            

            
              	
                Total, all higher education

              
              	
                58%

              
              	
                100%c

              
            

          
        

        Source: Doug Shapiro, Afet Dundar, Faye Huie, Phoebe K. Wakhungu, Ayesha Bhimdiwala, and Sean E. Wilson, “Completing College: A National View of Student Completion Rates—Fall 2012 Cohort” (Signature Report No. 16). Herndon, VA: National Student Clearinghouse Research Center, December 2018, https://nscresearchcenter.org/signaturereport16/.

        aFor students entering in 2012, tracked through 2018.

        bPrivate for-profits have a much higher proportion of shorter-term enrollment. cTotal of 2.3 million enrollees.

        Completion rates for African Americans and Hispanics are even more problematic. For African Americans, the six-year completion rate at all of the four kinds of institutions listed in table 7.3 is only 41 percent. For Hispanics, it is 49.6 percent. Although these numbers have been improving, a major completion gap remains between white and Asian students on one hand and African American and Hispanic students on the other.43

        In Making College Work, Harry Holzer and Sandy Baum highlight problems disadvantaged US college students have completing college credentials and from earning degrees or certificates with little value in labor markets.44 For those with family incomes below $32,000, only 26 percent that enroll earn a bachelor’s degree and 9 percent an associate degree.45 They cite several causes: weak academic preparation; financial pressure, including having to work to support families; and a lack of information and “social capital” both before and after enrolling. Low-income students also tend to attend underfunded schools that provide limited student support, and they accumulate heavy debt loads. The authors find that students need more than money: they need guidance systems for selecting majors and institutions, reform in remedial programs, and financial and systems for academic and career counseling.46 They also found that a number of relatively simple and inexpensive interventions can improve success rates. For example, a personalized text-messaging campaign reminding high school graduates of tasks to be completed in the summer after acceptance resulted in higher numbers of disadvantaged students actually enrolling, and confidence-building readings about how peers adjusted to college significantly raised African American students’ course grade levels.47 Because colleges have long recognized their role in enabling social mobility,48 a key obligation of higher education institutions then is to get the completion numbers up for minorities and the disadvantaged. Obviously, this is related to the workforce education problem, which is also a top priority.

      
      
        The APLU’s “Ready for Jobs” Report

        The Association of Public and Land Grant Universities is one higher education group that has begun to see the workforce education dilemma more clearly. Its public college and university members are critical because they award more 60 percent of all bachelor’s degrees in the United States.49 In its 2017 report, “Ready for Jobs, Careers, and a Lifetime,”50 the APLU noted that a college degree matters more now than ever: in the postrecession economy, good jobs increasingly depend on that degree. And it acknowledged that employers and the public increasingly feel universities are not doing enough to prepare students for employment.51 While universities generally contend that a degree must involve a broad, foundational education, it found that public universities, with their long land grant heritage of practical education ideas, are especially well positioned to prepare students for employment. The report made an important argument: that broader education goals and employment preparation are not mutually exclusive goals. In effect, it says this is not either/or, that universities can walk and chew gum at the same time.

        The report echoes a number of the findings set out earlier. Building on researcher estimates, it found that, from 2010 levels, by 2020 the United States will add fifty-five million new job openings: twenty-four million new jobs and thirty-one million openings created by baby boomer retirements—65 percent of which will require education and training beyond high school, based on long-standing upskilling trends.52 Many millions of those new jobs will require college degrees. Citing BLS data, the report also noted that the 2017 unemployment rate for college graduates—2.5 percent—was half that of individuals with just a high school credential and one-third the rate for those without a high school diploma.53 This number is similar to the “frictional” unemployment rate—that is, the normal rate of unemployment due to job transitions (approximately 2 to 2.5 percent)—suggesting that the unemployment rate for college graduates as of 2017 cannot go lower.

        The report acknowledged that policymakers and the public are increasingly skeptical about the value of a degree in terms of preparation of graduates for jobs and careers, and that “some employers point to a widening skills gap, a disconnect between the degrees graduates earned, the competencies they developed, and the knowledge, skills, and abilities demanded by the innovation economy for a 21st century workforce.”54 While noting the debate over skills shortages, the APLU found an “engagement gap.” To close it, much better coordination between labor market actors, including community colleges, research universities, employers, trade associations, government agencies, and workforce development and training organizations, has become critical.55 Disconnects, then, between the actors in the labor market, including universities, exacerbated the ability of students to find solid career paths and of employers to find the talent they need.

        One example concerns internships: many college students seek them out on their own or are encouraged through employer on-campus recruiting, and they can help smooth the school-to-work transition. Internships should be matched to academic preparation and student career interests, set student learning goals and assesses progress, provide support to students and employers during the internship, provide employers value, reach low-income students, and be paid.56 Without these characteristics, internships fail to achieve their potential value. But relatively few college programs are organized to match these recognized criteria for optimal internship opportunities.

        The APLU report found that underemployment data and the number of unfilled positions in a number of sectors suggest there is more coordination work to be done. A 2016 Pew Charitable Trust report found that job categories with the highest growth are more likely to require a higher level of social, analytical, and technical skills,57 which may necessitate greater connectivity—including by universities. This is complicated by postcollege job mobility patterns among millennials, who are likely to change jobs an average of four times in their first decade after college—nearly double the rate of the previous generation. Data also show they will face increasing career-long mobility, with job changes and even shifts to very different job sectors over the working years. While information on the “gig economy” of contracted work and freelance jobs indicates it is still of modest dimensions, this is an additional sign of employment churn. The report found that these workforce and economy changes require institutions consider not only how to prepare students for entry into initial jobs but how to prepare them longer term.

        A 2018 survey of college graduates found less than one-quarter received frequent career advice from a career services office, and almost half said career advice from faculty or staff was more helpful.58 Clearly, career offices need more emphasis, and colleges should consider giving faculty and involved staff more background in career-related training. The APLU study found that while existing university career services and advising generally aim at the first job within a single career field, the realities of multiple jobs and career changes compel higher education to broaden this approach. Career advising is also designed largely for traditional students entering college from high school at age eighteen without significant job experience. The reality is that today’s universities serve broader populations, including adults returning to college for courses, certificates, or degrees, and veterans often already managing a career.

        Future student bodies of universities will also be affected by significant demographic changes. The number of students from traditionally underserved groups (minorities, first generation, low income, adult learners, etc.) will grow, which will also require changes. Career services along with educational offerings and course delivery will have to respond to these shifts in student populations and needs. The public now expects better career preparation.59 For universities, “Academic excellence is not enough. The public expects more; you must demonstrate real-world impact, both personal and societal, to change your reputation.”60

        In summary, the APLU report found that universities need to do a better job enabling the pathway from degree to job to career, not only in the short term but for life, and a better job supporting not only traditional students but the rising number of adult learners, altering career services and curriculum to accommodate these shifts. The report acknowledged university reluctance to incorporate new aims of job and longer-term career preparation in addition to traditional goals of foundational knowledge and preparing educated citizens. Although there was tension between the two, it found that these aims were not mutually exclusive. Liberal arts and foundations will remain important to the society, and businesses value the skills that can be acquired through these studies—close analysis, thought organization, advocacy, written and oral communication.61 Universities can offer credentials that clarify foundational capabilities and more career-oriented skills that matter for individuals and that connect to both personal economic and societal needs.

      
      
        Why Is Work Changing? Why Is More Education Input Required?

        If there is a growing role for the university in developing and supporting the workforce education system, what will that role look like? If the rising tide of demand for workforce education has now reached the doors of colleges and universities, and high school and even community college education is not enough, what do colleges and universities have to confront? If universities and colleges are now moving into the pole position for workforce education, what does that new racetrack look like? Let’s look initially at some manufacturing examples, since the manufacturing sector has always led other sectors in adopting productivity gains and thus we are most likely to see the oncoming changes in education demands there.

        Since the advent of the industrial revolution, the organizing system for manufacturing has been ever-greater economies of scale. But there is now a change brewing in a number of industries. The old regime was a high volume and low mix of varieties of goods. The new regime is beginning to be more high mix and low volume, with much shorter production cycles. This shift to the manufacturing of more customized goods to meet more personalized consumer needs is only starting to come over the horizon.

        ABB Robotics, a leading producer of robotic arms, argues that this will mean the workforce in new factories will need to work much more frequently with robots in intermittent ways that are not scheduled and less predictable.62 The era of massive, multiton industrial robots that perform one task and are kept in cages to protect workers from harm will change, and more personalized robots—“cobots” voice-commanded by workers to take on new varieties of tasks—will be needed. ABB Robotics argues that low-volume, high-mix production will require more costly engineering time and factory floor disruptions as workers shift their robots and computer-controlled equipment to new production lines. Shorter product cycles will increase the cost of downtime, particularly unanticipated downtime to solve problems. Rather than a production line that can run for days without alterations, a production line that runs for hours or less will put pressure on the ability to shift to a new line effectively and efficiently. This means a growing need for workers with new, flexible sets of skills and a drop in the need for less skilled assembly workers performing repetitive tasks. We are already seeing this in the employment data cited in chapter 2.

        This change will place a premium on new kinds of workforce education. Colleges and universities will not be the only entities affected, of course. Community colleges and employers will be tasked with educating new kinds of technicians and providing them with many of the needed technical skills. But the overall operation, design, and implementation of such systems, including a move to more customization, will affect technical education at the college level as well, including in supporting services positions.

        A 2018 Brookings study puts this snapshot of what may happen on the factory floor into a broader skills context.63 The story is a compelling one of occupational change, directly relevant to higher education’s role. The study identified 545 occupations, accounting for 91 percent of the US labor force and created two broad categories of digitization data: (1) knowledge of computers and electronics and (2) interactions with computers. It ranked occupations by how digitized the occupation had become and applied a score for each—ranging from 94 percent for software developers and 55 percent for construction supervisors to 17 percent for construction laborers and 14 percent for personal care aides. What does the digital skill occupation landscape overall look like? Table 7.4 shows ranges of digital fluency required in different occupations.

        Overall, the share of jobs requiring high and medium digital skills has grown sharply. Between 2000 and 2016, employment requiring high digital skills went up from 5 percent to 23 percent, employment requiring medium skills went up from 40 percent to 48 percent, and employment requiring low skills went down from 56 percent to 30 percent. Yet one in six working-age Americans are unable to use email, web search, or other basic online tools. Digital skill requirements vary widely by industry. Table 7.5 shows estimated scores for jobs requiring high or medium skills in several industry sectors.

        Table 7.4

        Digital fluency required in a range of occupations

        
          
            
              	Occupation
              	Required digital fluency score
            

          
          
            
              	
                Software developer

                Financial manager

                Computer system analyst

                Market research analyst

              
              	
                High: greater than 60%

              
            

            
              	
                Lawyer

                Registered nurse

                Automotive services

                Technician

                Mechanic

                Office clerk

              
              	
                Medium: 33% to 60%

              
            

            
              	
                Security guard

                Restaurant cook

                Construction laborer

                Personal care aide

              
              	
                Low: less than 33%

              
            

          
        

        Source: Mark Muro, Sifan Liu, Jacob Whiton, and Siddarth Kulkami, “Digitalization and the American Workforce,” Brookings Institution, November 15, 2017, https://www.brookings.edu/wp-content/uploads/2017/11/mpp_2017nov15_digitalization_full_report.pdf.

        Table 7.5

        Range of digital skills in different job sectors

        
          
            
              	Skill requirements by industry
              	Percentage of high digital skills
              	Percentage of medium digital skills
            

          
          
            
              	
                Information and communication technology

              
              	
                70%

              
              	
                25%

              
            

            
              	
                Advanced manufacturing

              
              	
                35%

              
              	
                50%

              
            

            
              	
                Education services

              
              	
                30%

              
              	
                55%

              
            

            
              	
                Transportation and warehousing

              
              	
                15%

              
              	
                25%

              
            

            
              	
                Nursing and residential care

              
              	
                5%

              
              	
                35%

              
            

          
        

        Source: Mark Muro, Sifan Liu, Jacob Whiton, and Siddarth Kulkami, “Digitalization and the American Workforce,” Brookings Institution, November 15, 2017, https://www.brookings.edu/wp-content/uploads/2017/11/mpp_2017nov15_digitalization_full_report.pdf.

        Digital job content, of course, tends to drive productivity growth. Because manufacturing tends to lead productivity growth over other sectors, these skill trends tend to be more pronounced in that sector. Digital technologies and the business models that accompany them are increasingly entering into manufacturing firms. These technologies include virtual design, Internet of Things (IoT), enterprise resource planning (ERP) and business process software, manufacturing as a service (the shared use of networked manufacturing infrastructure), and big data and analytics. An increasing strategy of newer manufacturing firms is to transform business operations with productivity advances to create new value.

        Brookings paid particular attention to advanced manufacturing, defining this as the portion of the sector that has higher R&D spending and higher rates of employing STEM-educated workers. It found digitalization was a defining trend in this sector (about half of the overall manufacturing sector). The sector went from 15 percent high digital skill employment in 2002 to 34 percent in 2016. Advanced manufacturing occupations are changing: Tech-oriented occupations are increasing their share of manufacturing employment, with a corresponding loss of routine jobs. Entry requirements for middle-class careers in advanced manufacturing are systematically upskilling in terms of required digital content. Manufacturing is a bellwether for what will be evolving in other sectors.

        Firms will require additional skills that complement digital skills. Deloitte, the Council on Competitiveness, and Singularity University released a report in 2018 listing technologies that a group of business leaders believed could enable transformational growth in production: 3-D printing (additive manufacturing); advanced analytics; advanced materials; advanced robotics; AI and machine learning; biofabrication and biomanufacturing; blockchain; cybersecurity; digital design, simulation, and modeling; integration of energy storage; high-performance computing; Interface of Things (AR/VR/mixed reality, wearables, gesture recognition); and IoT.64 Innovative firms will increasingly require operational skills in these fields, and many are nondigital. In another growing area, Paul Lewis notes that biotechnology firms will increasingly automate the production of cell therapies, which require operation of complex bioreactors rather than manual methods for production.65 When these techniques are developed for such emerging areas as regenerative medicine, the education required for new technicians will be quite sophisticated. Again, these will require changes to fields that higher education has dominated.

        This rise in digital content skills and a wide range of other skills in a host of increasingly complex areas sends a message to higher education. Territories that colleges thought were the domain of modest numbers of professionals or of technicians will increasingly be the working domain of many industrial and employment sectors. Since higher education plays an important role in providing education for many of these kinds of higher-end skills—particularly where design, systems, and implementation are involved—it is going to need to find a way to scale its education offerings in these sorts of areas.

      
      
        University Roles in Workforce Education

        As we build a new workforce education system in which colleges and universities need to play a larger role, one size of education will not fit all. There are numerous roles and tasks: some will fit best with universities, some with four-year colleges, some with community colleges, some with industry, and some with individuals. Most will require a mix of these actors.

        For example, development of education content for higher-end technical and engineering skills will likely best fit universities, whereas technician-level content development will likely continue to be the role of community colleges. The actual delivery of technician content will similarly fall more to community colleges, while teaching higher-end technical skills will be a four-year college or university role. However, colleges and universities can play an organizing and supporting role with industry and community colleges, which could help with technician-level content and delivery. And in new technology areas, such as advanced manufacturing or machine learning, the lines between technician and engineering content overlap, so university-developed content may be particularly needed. All these institutions will increasingly be offering certificates to supplement their degree programs and scale up to meet growing needs, in part through online materials.

        Colleges and universities are already deeply involved in developing online offerings. Leading platforms include Coursera, which as of 2020 offered some 4,500 courses from more than 200 educational institutions, and edX, with 3,000 courses from more than 145 institutions. Enrollment in massive open online courses (MOOCs) grew 910 percent between 2011 and 2018, with more than one hundred million students enrolled worldwide and nine hundred universities offering courses among the four major offering platforms (Coursera, edX, Udacity and Udemy).66 These totals are still growing.

        Online education has received a massive boost during the coronavirus pandemic. The internet, originally built as an emergency communications system, has enabled colleges and universities, forced to close their classrooms suddenly, to continue their education tasks online. Without it, as well as the accompanying videoconferencing platforms, learning management systems, and experience with MOOCs, higher education would have been in the same state of collapse as hotels and restaurants when the pandemic erupted, with students dismissed and faculty laid off. While not necessarily optimally used (as discussed in chapter 8), online education technology kept schools “open.” While many colleges and universities had been reluctant adopters of online education, the pandemic-induced switch to online learning created a new learning world from which there is probably no turning back. This means, too, that its utility as a workforce education option can be accelerated.

        Online systems may require a university lead, but will also need to be tied to community colleges and industry for workforce education. Organizing a delivery framework across institutions and skill areas could be a university role. In the National Science Foundation’s Advanced Technological Education program, for example, program funds go predominantly to community colleges, but universities often assist with coordination, curriculum, and online offerings. Community colleges that offer online courses generally lack resources to develop them or ensure they optimize learning science in their delivery.

        With ongoing technical change in the workplace, lifelong learning will increasingly be required; organizing this into a system could also be largely a university task, as discussed ahead. Researching and testing optimal teaching models and applying lessons from learning science, particularly as online education grows and creates blended learning opportunities, could also be a university task.

        Figure 7.1 shows where universities could play a constructive role and areas that will be more outside their capacities. The chart is simply illustrative; the lines on the chart don’t indicate, for example, the percent of a task universities should dominate, but where a university could generally play a greater or lesser lead role.

        What might these university roles actually look like? We use two case studies to flesh out some details.

        
          Clemson’s Center for Workforce Development

          The mission of Clemson University’s Center for Workforce Development is to be “a new national model that engages universities, two-year colleges, K-12 institutions, statewide industry and federal agencies to deliver workforce education tools that have the power to transform the economy of our state and region.”67 It works particularly to connect Clemson with the two-year technical colleges in the area.

          The center began by developing a visual inspection training system using virtual reality for aircraft cargo bays for the aviation industry. VR has since been the center’s core focus, and it has produced seventy-two VR modules overall, with twenty used in courses, following up with published research studies. Typically, the modules are incorporated into curriculum codeveloped with instructors from South Carolina’s system of technical colleges, which also use the simulations in their existing courses. In 2009, the center became an NSF Advanced Technological Education regional center for automotive and aviation education, developing VR and AR material for technical and community colleges.

          
            [image: ]

            Figure 7.1

            Potential university workforce education role.

          
          As part of its ATE efforts, the center has been developing VR/AR training modules that can support certifications for manufacturing skills developed by the Manufacturing Skill Standards Council, introduced in chapter 1. Technical and community colleges nationwide can insert these simulations in their own manufacturing skills courses. By developing VR/AR modules tied to MSSC skills, the center is performing a potentially major service for manufacturing, for students, and for technical and community colleges. It is an important step, and the kind of step that probably only a university could tackle.

          The center has developed an online portal to disseminate its simulations and modules; technical colleges can easily access them through the portal and readily insert them into their own learning management systems for their own courses.68 Thus, materials the center develops can be used by technical and community college instructors, who can scaffold the VR and AR content with their face-to-face instruction and lectures, their own online courses, and their own learning management systems. Some six thousand technical college students are now using the center’s modules through the ATE program.

          The center is also working on career pathways, providing certificates of completion when students complete its modules. Previously, it worked with an area Chamber of Commerce on certifications for MSSC skills for high schools and for technical colleges. The students earned certificates of completion to increase employer awareness that students had gone beyond just earning a high school diploma. It also partners with South Carolina’s Department of Employment and Workforce to offer a course on soft skills, with online lectures, assessments, and a completion certificate. This soft skills element is a subset of the MSSC curriculum on workforce fundamentals for manufacturing employees.

          The center is engaged in research, advocacy, and networking on many levels. For example, it partners with K–12 schools on STEM summer camps for students and with high schools to educate students and parents about modern clean and technical manufacturing.

          The center has also been part of the Advanced Robotics for Manufacturing (ARM) Institute, which is funded by the Department of Defense and one of the fourteen federally cost-shared advanced manufacturing institutes. Working with another manufacturing institute for integrated photonics, it is now developing advanced manufacturing courses and modules for technician training in robotics and photonics.

          Clemson’s Center for Workforce Development provides an interesting and significant model for how a research university can become deeply engaged in workforce education across technical and community colleges, secondary schools, and K–12 schools, using support from NSF’s ATE program and state government.

          Clemson also provides us with a second example of an engaged university in its new undergraduate manufacturing program, which is also linked to another South Carolina institution of higher education.

        
        
          Clemson University’s Undergraduate Manufacturing Engineering Program and Greenville Tech’s Center for Manufacturing Innovation

          Greenville Technical College sits in the center of a historic manufacturing area. Long a center for textiles, that sector left for Asia more than fifteen years ago. But unlike so many manufacturing centers, Greenville has been able to replace what it lost, including with major automakers and suppliers, from BMW to Bosch and Michelin. It is now a thriving manufacturing region, served by a major research university, Clemson (a forty-minute drive from Greenville), and by two-year technical colleges with solid apprenticeship programs. In 2016, Greenville Tech built its 100,000 sq. ft. Center for Manufacturing Innovation (CMI)69 as its home for manufacturing skills education, using strong area industry funding along with state support. The facility is packed with the latest factory equipment, from CNC to robotics to 3-D printers, as well as classrooms, a business incubator, and research labs.

          Some six hundred Greenville Tech students study manufacturing skills in a two-year academic program to earn associate degrees, including 380 in mechatronics, 120 in welding, and 120 in machining. Of these, some 250 take their courses at CMI, with most in US Labor Department–registered apprenticeships or very similar “technical scholar” programs, both involving part-time work with area manufacturers. The school also offers specialized programs, such as a fifteen-week CNC operator certificate and basic manufacturing skill certificate programs. There is a “bridge” program for students in area vocational education/CTE career centers.70

          Greenville Tech leases 10,000 sq. ft. of CMI to Clemson for a carbon fiber facility with a thirty-ton machine for auto and aerospace industry training and research, as well as research on vehicle assembly and digital and robotics production.71 Researchers there include grad students and undergrads, interacting with Greenville Tech students—so Clemson and Greenville Tech are now sharing CMI facilities. Beyond that, as part of its efforts, Clemson is using state funding for a new program in which undergraduates entering their senior year in mechanical engineering (one of Clemson’s biggest majors) can take on an intense two-year program in manufacturing and emerge with a bachelor’s degree in mechanical engineering and a master’s in manufacturing. This new undergraduate manufacturing program, which began in fall 2019, also systematically connects with students in the two-year Greenville Technical College’s CMI.

          The new Clemson undergraduate manufacturing program aims to use CMI and its remarkable facilities to integrate Greenville Tech’s CMI with the Clemson program. Clemson has built a Greenville campus on a Clemson-owned research park just outside the city, next to where CMI is located. This is Clemson’s International Center for Automotive Research (ICAR), a graduate applied manufacturing education and research program, with more than seven hundred faculty, graduate students, researchers, and research technicians on site.72 ICAR and Greenville Tech’s manufacturing center are sharing programs with each other, led by Clemson’s new 2019 undergraduate program.73 Across the street is BMW’s North American IT research department, with three hundred technical employees. Collaborative work with industry prevails in all these facilities. They constitute a very unusual cluster of manufacturing research, education, and technology.

          The undergraduate program is centered around project-based learning, with a focus on assembly—which Professor Joshua Summers, who developed the undergraduate program, says “is 80 percent of the manufacturing cost but only a tiny part of the research investment.”74 Clemson’s new manufacturing cluster75 also has projects around composites, metals, cellular metamaterials, and polymer manufacturing, along with robotics and applied computer programs. The program is also planning “white goods” assembly work with Samsung’s new 2018 appliances plant nearby, so the research will not only center on automotive manufacturing.

          The undergrad program, as noted, will bring senior-year undergrads off the more traditional Clemson campus to Greenville with its ICAR and CMI facilities for a two-year program. It will have much more organizational flexibility than the on-campus program. For example, program designers are considering having BMW engineering experts come to ICAR to do a one-week class for a portion of a course credit. There will be short, application-oriented courses with direct contact with industry. Each of the four semesters in the program will have separate capstone R&D projects, applied and hands-on, which will make it more experience oriented. There will also be more use of just-in-time online materials inserted into courses—for example, using the federal Manufacturing Extension Partnership’s new course modules for training in robotics. Summers also says, “Engineers don’t know how to teach collaboration—they think it’s just doing something with a group. So there’s a real gap here where collaborative processes could be taught.” He believes this is one of the only practical manufacturing programs like this evolving in US engineering schools.

          The new Clemson program also aims to integrate new education technologies into production education. VR and AR have a role in the program, but it is evolving. Summers notes that “seeing is not doing or, more importantly, understanding what’s behind doing.” AR will work well for installation or inspection work, but more complex problems, he finds, will also need to be tied to gaming in virtual environments. VR/AR should be used if there is a spatial aspect, but if a manufacturing process in involved, more is needed. He asks, “How can you teach a mechanical engineer about injection molding? You need to teach flow rate, and what forces are generating flow. The actual process is not only visual. So, VR/AR is an important new tool—but has limits.”

          Integrating the Greenville Tech and Clemson students will be crucial. The former will need to develop confidence as they work with engineers and are asked to provide feedback on the processes they undertake in the context of the designs given them by the engineering students. And engineering students are divorced from the production process and the production line and need to connect. Summers argues, “They do design, but they don’t learn how to do design for production. It’s not in their curriculum. Teaming the two sides builds confidence in both. They need each other.”

          The new manufacturing undergraduate program is trying a different approach. In step one, Greenville Tech students try to build a Clemson student engineering design. These apprentices, who know their production equipment, won’t be able to make it efficiently because it will not be adequately designed for production. Next is an exchange between the two sides and a learning experience for both. In the third step, the Greenville Tech apprentices will team with the Clemson engineering students to work out better design and production solutions together, collaboratively educating each other. Summers says, “This process will help make engineers humble; they need to be able to work with workforce—it is key to engineering success yet it is not now taught.” In summary, this joint program is for collaborations, exposing apprentices to design and engineers to production.

          The joint program is trying to mend a historic problem with American engineering education. Beginning in the nineteenth century, engineers focused on design and have been largely separated from the workforce on the factory floor ever since. Japan launched its quality manufacturing revolution in the 1970s through deep integration between engineers and the factory workforce—a lesson the United States is still learning. Clemson’s new program is requiring this integration beginning with undergraduate education.

          The initial size of the program, as the faculty team shapes its content and direction, is twelve undergraduates—with the plan to grow to around fifty seniors from multiple engineering majors. The program has classroom and research space for the program, across the street from CMI and ICAR, with team-oriented cubicle clusters. The faculty is aiming for a company-like working environment and an emphasis on project learning, such as applying data analytics for Internet of Things implementation, learning object-oriented programming to lay out a whole work system, and project cost estimation using engineering economics.

          The Greenville Tech apprentices participate in each semester-long project with the undergraduates as part of the team, and the new program will offer joint workshops on communication, interviewing, and other job skills. The Greenville Tech students have time at and are able to use Clemson’s career center fully to learn about job and career opportunities. And Greenville Tech students can be integrated into seminars and field trips at companies aligned with project content. The joint experiences help socialize the two groups. As Summers notes, “There is a deep ‘classism’ challenge in manufacturing that needs to be overcome to take on new technology challenges.”

          The ultimate goal is to create a manufacturing program built into undergraduate engineering education overall. “American engineers are not now strong in production; they tend to disregard it,” Summers argues. “American manufacturing needs pride and professionalism—to see it as craftsmanship, and to develop the psychology of the maker. The introduction of new advanced technologies will only increase the need for human capabilities.”

          Summers believes his own field of engineering design has to be tied to manufacturing processes. “An engineer either develops an idea or makes an idea. We need design and manufacturing. Many engineering programs have no manufacturing class—they have shifted manufacturing and therefore design to the fringe.” He argues, “Engineering in the United States has been trying to be more a science, but that is not the only answer. It is a failure to confront manufacturing that stratifies our society today.”

          The new Clemson program aims to rebuild the design-production bridge, with a university linking with a two-year technical college. It could be a useful prototype for a new kind of workforce education, true to engineering discipline but much more connected to the production workplace and production design at the undergraduate level, linking the line workforce and the engineering workforce in common endeavor. It is an example of what a university can do at the workforce level.

        
      
      
        Connecting the College-Level Education to the Workforce

        We have seen how a high school education in the twenty-first century no longer ensures a good workforce career. College is increasingly important to career success, but not enough. How can colleges be better connected, while maintaining what makes a four-year college education special?

        Colleges and universities, along with the state and federal governments that support them, need to develop systems to help students, families, and employers unpack credentials and access job markets. A Georgetown Center on Education and the Workforce study76 advocates integrating education and workforce data to help students navigate complex college and career paths. This would also benefit employers by helping them better identify talented workers. Without better information on results, colleges and universities cannot effectively restructure programs to improve student outcomes, and policymakers cannot adequately allocate resources to improve their regional talent bases and economies. The report called for colleges and universities to develop an information exchange system that will better connect postsecondary education to learning and earning on the job. Similar points were made in chapter 6 on the information system challenge but deserve brief reiteration here. Colleges and universities need to do the following:

        
          	•	Develop better data on education, skill supply, and demand projections, on business expansion, and on overall workforce quality and needs.

          	•	Align education programs to match identified labor market demands, following from these data. That doesn’t mean scrapping the classics, as discussed earlier, but opening education options for students based on fields with career opportunities.

          	•	Significantly improve counseling about career pathways, taking a more sophisticated approach than holding job fairs to serve out-of-town employers and instead supporting students in their education and career decisions and helping to identify those who need additional assistance.

        

        To summarize, the report argued that colleges need a better information system showing common, measurable outcomes that will help students find and meet workplace demands.

        These issues of information and counseling need improvement not only at the college and university level; these institutions are part of a larger system. The Pathways to Prosperity Project backed by Harvard’s Graduate School of Education and Jobs for the Future found that if high school career-focused pathways were more securely linked to community colleges, more students would be likely to stay the course to associate degrees.77 There is also a need to provide high school students and college students with far better career guidance. Many adults over the age of twenty-five have discovered that community colleges offer programs leading to well-paying jobs in healthcare, technology, and other fields, but recent high school graduates are often poorly represented in such programs due in part to lack of information. These counseling and information systems, in turn, need to be better linked to companion systems at the college level.

        The Association for Public and Land Grant Colleges has reached complementary conclusions about specific steps its colleges and university members need to undertake.78 Rather than focusing career services at the end of a student’s college experience, it proposed career services embedded within a student’s entire undergraduate pathway. Because faculty are students’ closest advisors, there should be better linkages between career services and faculty. The association called for improved use of data by career services to better connect student interests with career and skills development opportunities. And it found that faculty and other student advisors need to understand “career pathways” approaches and alternative credentialing so they can help match students with career opportunities.

        Students also need more help in the transition process to careers. APLU embraced students’ participation in work-and-learn opportunities, including internships, externships, co-ops, problem-based learning, and capstone projects situated in business and community contexts. It supported flexible delivery mechanisms—including courses in the evenings, on weekends, online, in hybrid formats, and in shorter terms for nontraditional students. It advocated development of alternative credentialing programs in needed job skill areas—such as certificates, badges, and competency-based programs, including those that incorporate assessments for prior learning. Finally, it supported adaptive learning approaches—allowing students to learn on custom pathways tailored to their abilities and needed competencies.

      
      
        Higher Education and Lifelong Learning

        There is one more piece of the higher education puzzle worth noting here: lifelong learning. The continuing pace of technological change demands better and ongoing ties between education and employment. In the United States, the connection between education and economic well-being has been simple: pile up as much formal education as you can early on, then cash in on the rewards for the rest of your life. As reported in “Special Report on Lifelong Learning” in the Economist, research suggests that each additional year of schooling leads to an 8 to 13 percent rise in hourly earnings.79 Since the Great Recession, the cost of not completing some higher education has been made even clearer: the unemployment rate keeps dropping as you go higher up the educational ladder.

        The Economist report did note that the relationship between degrees and income is no longer on autopilot.80 And shifting job content suggests that a college degree acquired in the beginning of a career cannot answer the need for the continuous acquisition of new skills over the course of a career. Thus, lifelong learning is going to require better connections and handoffs among the actors in the higher education system because each will be a playing role. Traditionally, most colleges and universities behave like independent and disconnected actors from community colleges. However, many states are moving to better connect them. More than thirty states have required some level of transferability between their community colleges and state universities.81 This is not easy, but a number appear to be making it work. Overall, lifelong learning will require a more uniform system. The different institutional actors, including employers, need to understand and then to complement each other’s roles if lifelong learning is to work efficiently.

        Universities will need more varied delivery mechanisms, including courses during evenings, on weekends, online, in hybrid formats, and of varying lengths to meet the needs of nontraditional students. These will be critical for lifelong learning. A great deal of attention will be required on developing alternative credentialing programs, including certificates, badges, and competency-based programs. Adaptive learning approaches will also be needed, including assessments for prior learning and allowing students to learn on their own pathways that meet their career needs while satisfying needed competencies.

        Online education offers a unique opportunity space for lifelong learning and is a particularly important lifelong learning role for colleges and universities. It is a highly flexible new toolset, so students can study at the levels and on the timelines they choose, pacing themselves to accommodate outside pressures of work or family and to meet their own individualized learning speeds. This can also get students outside the box of needing prior credentials and grade levels.

        Finally, lifelong learning offers a major new economic opportunity for colleges and universities if they seize it. The demographics of higher education are changing: there will be significantly fewer students of traditional college age, which means a declining tuition base.82 If they stay the same, many schools will simply have to close, and we can already see these trends evolving. Of course, the effects will not be uniform on all schools: elite schools will face growing demand, and some growing metropolitan areas in states with declining student bases will buck the trend. But overall, enrollment throughout the system will decline unless something changes, and lifelong learning, which is increasingly required by the economy, could be that opportunity.

        This series of steps colleges and universities must take to enable lifelong education parallels, as set out previously, much of what they must do for workforce education in general. Overall, what this chapter has shown is that higher education faces a big societal challenge—and a big societal opportunity.
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        The New Educational Technologies

      
      An increasingly agile workforce deserves an equally agile system for learning. This is placing new demands on our existing systems for workforce training and education in general. Online education, which has been accelerated by the coronavirus pandemic, is already assuming a growing role in workforce education, although this new role has not been adequately evaluated. While its growth makes it a moving target, we still need to see it in the context of overall education. And education is a complex field; for purposes of this discussion, we focus on three aspects: content, the pedagogical approach, and the modality by which that content is delivered—each of which has undergone changes due to advances in technology generally. This has spurred interest in new educational technology, also called edtech.

      These three aspects are strongly linked in many ways. Different content requires different pedagogies and, often, different delivery modalities: for example, teaching machine learning involves algorithms and data, whereas teaching a nurse how to use a new ultrasound machine requires equipment and hands-on learning. Yet good pedagogical practice—applying what we know about how people learn and how to be effective in education—has often taken a back seat in the development of our education systems, in the United States and worldwide. In light of workforce education needs and new technologies we need for learning, a significant redesign of existing education systems is required. We posit that the optimal system would be more agile and therefore more in tune with today’s labor market than the systems in place today.

      So, with this view of its importance, we begin our exploration of edtech with a discussion of pedagogy.

      
        Better Pedagogical Practices

        Insights about how the human brain gathers and stores information and develops facility with new material have been accumulating for more than a hundred years, beginning with the seminal work of Hermann Ebbinghaus.1 Unfortunately, our systems were well in place by that time, and the runaway train could not be rerouted. Since then, we have learned a great deal more, and the subject has been widely studied.2 For example, it appears we are more likely to learn when we are curious, because curiosity triggers a dopaminergic circuit. As Socrates presciently said, “Wonder is the beginning of wisdom.”3

        So material that inspires a student to become curious about a topic is well worth the effort. Unfortunately, this is hard to achieve in a standard classroom setting without exceptional educators—the ones many of us remember from our own experiences. But while they may have a great grasp of the material, not every teacher can be inspiring. Yet our one-size-fits-all model limits our efficacy at a time of great need for a revolution in learning. This is where technology can play, and is playing, a part.

        
          Bite-Sized Chunks

          We can learn in about ten-minute chunks. This appears to be related to the way we form short-term memories in the brain. Exceed that time and we seem to enter a mind-wandering state. Therefore, lectures need to be extremely short to be effective—a lesson parents probably recognize instantly about their children, although the insight applies equally to adults. Courses, then, should use ten minutes of a lecture, switch to another learning mode (e.g., an interactive group discussion, a demonstration, or an assessment), then return to a ten-minute lecture segment, and so on.

        
        
          Impact of Educational Technology on the Lecture

          Distance education has been around for many decades, delivered by correspondence, radio, or cassette. But it should not be confused with modern online education. Online, on-demand video has unquestionably had a massive impact on learning. Content creators such as Khan Academy, MinutePhysics, and MIT OpenCourseWare have millions of subscribers on platforms such as YouTube. Content creators and learners have naturally gravitated toward shorter videos. The ability to pause, rewind, and speed up video has made for very adaptable and vibrant content. Transcripts can be generated to make videos accessible and give viewers search options. YouTube is probably the most important edtech platform out there.

          In the 2010s, Massive Open Online Courses became widespread and have since become a major force in education. They combine the short video format with computer grading (discussed ahead) and forums in which students can help each other and get help from teaching assistants. As of this writing, the three largest MOOC platforms—Coursera, edX, and Udacity—collectively count more than one hundred fifty million enrollees.4

          Another edtech platform, automatic lecture capture, allows for tracking and recording traditional lectures, generating videos with very little operator effort that can then be made available for asynchronous viewing with the full pause or rewind capabilities of the videos described earlier.

          These online, on-demand technologies hold great promise for education and for workforce education in particular. Unlike a classroom, they can operate at great scale and offer new education opportunities for workforce education, which is inherently more about learning by doing. Online learning, with its capability for repetitive and visual engagement, can fit this style better than a classroom.

        
        
          Desirable Difficulties

          Students often reread material, thinking it helps them learn. But that is illusory. A surprisingly consistent result from learning research is learners’ overconfidence about their own learning and the importance of a realistic sense of one’s personal competence.5 A series of findings shows that effortful approaches—those in which the learner struggles with the material a bit—lead to better, more durable learning. What have been called desirable difficulties lead to better learning by increasing processing of the material rather than being distracting.6

          First, when a learner is tested frequently about the material she has just been taught, learning is better.7 Using this testing effect as a learning technique is referred to as retrieval practice—which is affected positively by effortful retrieval. So, for example, a learner given weaker cues for a test and who therefore struggles more will learn better than one given stronger cues.

          Second, testing should be spaced.8 This spaced practice concept, related to the findings of Hermann Ebbinghaus, flies in the face of mass practice—an expedient, prevalent approach in education today in which students might address a number of problems at the end of a chapter in a short span of time (rather than spacing them out over days, weeks, and months). Spaced practice also applies to sports and motor learning. Ironically, learners feel they have learned better with blocked practice (rehearsing a skill over and over), although they may have learned less effectively—recalling the theme of illusory learning.9 A key aspect of spaced learning is that relearning material is most effective just before the learner forgets the material. This requires sensing when a learner is getting rusty about the material—a level of attention that a teacher in a classroom cannot achieve at any scale.

          Third, content is best interleaved.10 A common, and understandable, practice in education is to practice topics in blocks: multiplication, say, followed by division. Extensive research, though, points to the benefits of interleaving practice: multiplication problems alternated with division. This is, again, inconvenient in a large classroom in which students are on a march along a complex curriculum. However, the benefits have been replicated in a range of subject areas, including mathematics and art. We are just beginning to understand the neuroscientific mechanisms of this desirable difficulty, which results in so-called cognitive interference while learning.11

          Fourth, the act of assessing a student’s performance in any interaction, with a view to giving feedback, is important. When and how to give feedback are obviously essential in learning. Depending on context, delayed feedback may be a desirable difficulty. But feedback takes time, and succinct feedback may be generally (but not always) more efficient in terms of the allocation of total time in a learning task.12

          These four aspects of learning—spacing, testing, interleaved content, and assessment/feedback loops—have direct application to workforce education. All can be fitted into a backdrop of desirable difficulty to keep students engaged and challenged. Unlike established classroom approaches, each can be incorporated directly into how online education instruction is organized. Online education’s potential for interactive learning can make it much more sensitive than a classroom setting to the best timing for introducing spacing and feedback features to, for example, attain the right level of desirable difficulty.

          The 2020 coronavirus pandemic has forced a massive education experiment in which nearly all of American higher education has been forced to shift from classrooms to online. This created a massive learning laboratory. The story of the three little pigs is relevant. The pig that built a house with bricks withstood the wolf at the door. Here, online teaching experts are finding that faculty who have already created or worked on a MOOC that embodied lessons from learning science for online education can draw on that MOOC for online course content. The wolf cannot blow that brick house down. But faculty without a MOOC or MOOC development experience have often found themselves floundering in a new education medium—they are in houses of straw and sticks.

          We know, for example, that an hour-long video of a lecture with no interspersed content for assessments, participatory discussions, or feedback loops promotes mind wandering and provides quite limited learning value for students. It violates the rules of bite-sized chunks, desirable difficulties, spacing, testing, interleaved content, and assessment/feedback loops. But many faculty that suddenly have had to go online with their class lectures because of the pandemic did not know or understand this.

          So while the coronavirus has forced an online shift, those who were prepared—as is the story with so many other facets of the pandemic—are proving to be better performers. They already have a house of bricks. While the fact that schools can continue providing education online is miraculous, an unthinkable technological advance from a decade ago, there has been backlash in some quarters against online education as a result of the coronavirus. Some students have faced mediocre material because too many faculty were unprepared and unaware of the lessons for online learning. But online education has been shown to be our resilient system—there is no substitute now for it. The coronavirus has given us an opportunity to optimize.

        
        
          Educational Technology and Cognitive Science

          Traditional lectures with large classrooms are hard-pressed to leverage cognitive science. Technologies such as classroom clickers that electronically register a class’s response to a teacher’s questions can engage students, make learning more active, and mimic the testing effect, but the full use of the cognitive science described here requires personalization. For example, since spaced practice would ideally detect when the learner is becoming rusty in the material, a few probing assessments are necessary to fine-tune the spacing for each student.

          A series of new software learning apps provide examples of how these principles of learning can be applied. The SuperMemo software application is truly a pioneer in the use of spaced repetition.13 Language-learning apps such as Duolingo also use a number of cognitive science principles.14 Flashcard software such as Quizlet leverages the testing effect and can be used to apply spaced repetition and interleaving. MOOC platforms already leverage the testing effect and have a significant opportunity to incorporate spacing and interleaving. Research is ongoing.15

          MOOCs have really changed the state of the art in assessments. For example, the edX platform today offers dozens of assessment types, including assessing the correctness of software code, circuits, mathematical expressions, and diagrams. As for essays, there is already software in word-processing systems for assessing spelling, grammar, and sentence structure and for detecting plagiarism. MOOC providers such as edX go further with peer grading—students grading each other’s assignments.16 MOOCs typically reach numbers of students beyond the ability of a single faculty member to evaluate individually, yet writing requires individual assessment. But thanks to peer grading, learning occurs for both student writers and evaluators, and results have proven quite constructive. MOOC providers have a surprisingly rich slate of courses in the humanities, arts, and the social sciences in which writing is required, and peer grading can help fill the evaluation gap.

          But the ultimate challenge is AI-based grading of subjective responses such as essays, which has proven controversial for reasons both philosophical and pragmatic.17 Nevertheless, because AI can enable much greater scaling, areas such as AI-based assessment will remain fertile ground for innovation in the years ahead. Systems such as edX and its open-source software corpus Open edX enable third-party software to plug in, ensuring that innovation in AI can continue in parallel and be incorporated at the discretion of the instructor.

          Rich feedback is a grading problem that remains relatively unsolved. An automatic grading system such as one in a MOOC may be able to determine whether a program or derived mathematical expression is correct or incorrect, but it cannot provide constructive feedback about where the student went wrong or provide insights about the student’s mental model.

          Similarly, lessons from cognitive science can migrate from traditional education to workforce education. The needs for feedback and testing are profound in skill training, and online technologies can help optimize their delivery significantly. Because subjective responses and essays are less relevant to much of workforce training, current developments in AI-based assessment can already enhance fit workforce applications.

        
        
          Scaffolding and Tutoring

          In psychology, the concept of a zone of proximal development helps clarify an optimal difference between a learner and a “more knowledgeable other” who can lead the learner to greater achievement.18 Too large a difference, and the learner cannot keep up; too small, and the learner doesn’t learn. More generally, scaffolding is a way to provide learners support as they gain mastery over the material. The art lies in calibrating the challenge of the learning to the student’s abilities. Anyone who has played tennis with a slightly better player can probably relate to this balance. Good tutors and coaches are able to calibrate themselves, while an expert who does not possess good coaching skills may suffer from an expert blind spot.19

          A careful performance of tasks under the observation and tutelage of a coaching-inclined expert that can provide guidance to enable continuous improvement can lead to significant performance improvements. This idea underlies a technique called deliberate practice, which has shown significant benefits in a range of learning activities, from sports to physics education.20

          In 1985, the noted educational psychologist Benjamin Bloom captured the benefits of good tutoring in a seminal paper in which he showed a tremendous improvement over traditional teaching.21 But, he wondered, how can we improve scalable education to achieve similar results, given that tutoring is expensive? More recently, the cognitive load theory, presented in a paper, has helped put more flesh on the scaffolding theory. Novices, the authors argue, have fewer predefined schema to digest new information and so suffer from high cognitive load because the working memory available is limited.22 Novices therefore require more fill-in-the-blank problems. But as novices becomes experts and develop the schema to absorb information, they can be exposed effectively to more open-ended problems.23 Either way, the key appears to be expending cognitive load on germane, not distracting, tasks. Cognitive load theory and desirable difficulties seem to agree on the importance of avoiding undesirable difficulties.

        
        
          Education Technology: Tutoring, Games, Simulation, and Collaborative Tools

          Intelligent tutoring systems (ITSs) are computational systems that teach students a subject by modeling the student, the domain being taught, and a scheme for instruction and feedback. In many ways, ITSs have been the holy grail of automated education going all the way back to Alan Turing, the early developer of theoretical computer science, and B. F. Skinner, the pioneer of behavioral psychology. Modern ITSs model the most recent understanding of the working of the human brain.24 They remain a key focus for edtech and capture many of the aspirations described in this section. In their ultimate form, they are also the pinnacle of personalized learning.

          Games are another important area of edtech related to motivation and scaffolding. So-called serious games are those developed for purposes other than entertainment, including those for game-based learning, whereas in edutainment—the value of which has been questioned25—gaming is combined with entertainment. A third approach focuses on playfulness, such as in the Scratch system, an extraordinarily successful example in which students focus on creativity with a graphical programming language—playing to learn rather than learning to play—and thus learn programming in the process.26

          Games can lead a student through a series of tasks and create an environment in which learning occurs naturally—such as in the case of the much-acclaimed game World Without Oil, which forces students to think about the implications of an oil shock as it leads them through a postoil world.27 Other games have been used for education about subjects as varied as the environment, gender discrimination, and STEM topics.28 Designing a game to ensure well-balanced learning and participation, though, is difficult.29 Finally, the word gamification has been used somewhat loosely but should really be interpreted as a fourth category. The idea of gamification is to tap into a social and potentially socially competitive network and replicate motivation factors from games generally. In some sense, any educational environment can be gamified, but the effectiveness of doing so needs to be carefully assessed.30

          Simulations are a powerful technique similar to games, but wholly focused on modeling realistic situations and teaching real skills. Simulations provide real-time feedback and use that to scaffold the progress of the learning because of the potential to increase difficulty for the learner as the training progresses. Simulations are an old and well-established educational tool. Mechanical flight simulators, for example, long played a major part in training pilots, enabling rapid training scale-up.31 During World War II, the military used some ten thousand automated Link Trainers to train half a million pilots.32 As discussed in chapter 1, the military is using virtual and augmented reality tools (VR and AR) for the latest generation of simulators applied to a wide range of training needs, from operating aircraft turbines to submarines. Simulators have also been used to teach everything from business strategy to environmental dynamics.33

          Using collaborative tools to enable coaching is an emerging trend in online platforms, such as with MOOCs. These include case-based collaboration tools for online learners and applications that enable, among other things, coaches to work with novices as they use a software tool. Finally, group annotation tools help students and teachers annotate the same, or versions of the same, document and provide coaching.

          Intelligent tutors, games, simulations, and collaborative tools are all highly relevant technologies for workforce education. Each offers new learning capabilities by applying advances in tutoring and scaffolding approaches to learning, delivered from the new technologies that can enhance them. The ongoing education experiments with these technologies need to be incorporated into workforce education.

        
      
      
        Mens et Manus

        “Mind and hand” reads the seal of MIT, in Latin: mens et manus. This reflects MIT’s early emphasis on the connection between knowledge and practice. MIT’s role in creating lab-based learning34 and its continuing strong preference for learning by doing came from this emphasis. It is a credo captured well by the more current phrase hands-on learning, which is embedded in a related series of educational approaches. Tactile experience, in which a student physically feels angular momentum or gestures to capture a phenomenon, have been shown to improve learning.35

        Similarly, generative learning theory posits that learning is better when the agency of the learner is engaged in the generation of new information based on prior concepts.36 More generally, active learning is any instructional approach that engages the student in the learning process—as opposed to passive listening.37 Blended learning is an approach that mixes online with face-to-face education. The online component is focused on the information content, which frees up increasing face-to-face time between students and teachers so that the class can be more active and more opportunities for coaching arise.38 The term flipped classroom39 describes the use of online courses to leave time in the classroom to do more hands-on, blended activities. Project-based learning, problem-based learning, and task-oriented learning are all techniques to give students more agency and purpose. Integration is another important aspect of learning, which projects and tasks can help enable. Learning through discipline-aligned courses can lead to siloed knowledge, and integration connects topics across silos.40 Teamwork is another important element of learning that also can be helped by projects and group activities.

        
          Edtech for Hands-On Learning

          There is a small fleet of prototyping technologies that are a form of edtech that enables hands-on learning, including 3-D printing, Lego Mindstorms, Arduino, Raspberry Pi, App Inventor, and even the programming language Python. They put unprecedented power at students’ fingertips to actualize their ideas, learn from real creation, seek feedback, and enjoy the pleasure of achievement. They will increase with time. Competitions, led by FIRST Robotics, have leveraged such technologies to increase even further the reach and power of scaffolded mentoring and coaching. All this could be characterized as learning by creating.

          When prototyping on a benchtop is not possible, there is simulation. Virtual reality is another step in the direction of creating realistic situations, physical access to which would be difficult. VR can be used, for example, to perform a hands-on, team-oriented task in an undersea environment. Augmented reality can be used for on-the-job training. An engineer performing a maintenance task may have an expert view the task in real time over an AR headset and provide subtle feedback.

          Hands-on learning is clearly critical to workforce education, since so much of it requires training for physical tasks. Related kinds of learning, from tactile to active to blended, are all highly relevant to workforce education. The prototyping technologies for learning by creating are further enablers when applied to a range of skill areas, such as manufacturing. Blended learning and VR and AR technologies are particularly important for workforce education. Blended learning can shift more of the rote learning online, freeing expert instructors for coaching and personal and small-group problem solving and instructing. Because displaced and older workers may be less ready for online courses, blended learning appears critical to reaching these groups. VR and AR enable true learning by doing in immersive environments that will be ideal for many aspects of workforce education. Chapter 1 highlighted the navy’s work using these technologies for training.

        
      
      
        New Delivery Modalities

        Clearly, as discussed earlier, the internet and computers enable an entirely new paradigm for education that will enable us to implement lessons from learning science in dramatic new ways. However, there is an important aspect we have not discussed: access.

        In 2001, MIT launched OpenCourseWare, making its curriculum free to the world.41 By 2019, the number of downloads was approaching three hundred million.42 This spurred a major online revolution that resulted in the launch of MOOCs. Today, the top three MOOC providers, edX, Coursera, and Udacity, boast nearly one hundred fifty million enrollments.43

        The benefits of online programs are many, but perhaps the most important is the ability of working people to learn on their own without interrupting work and careers. This is particularly helpful to individuals with obligations to families or who have other circumstances that make traditional place-based education difficult. New microcredentials enable job-friendly academic accomplishments without the need to attend college. These kinds of online offerings multiply education access.

        The edX software is also open sourced, through Open edX, enabling any member institution to download and run its own MOOCs. Universities, companies, and entire nations have taken advantage of this facility to create local education ecosystems. They can create a MOOC and take advantage of the latest technologies and the broadband access edX has created. In addition, learning management system (LMS) vendors have adopted many MOOC-like features that can support university-size user bases, even if they are not necessarily scalable (like the MOOC platforms) to hundreds of thousands of users.

        Online education, even if some researchers have found serious limitations,44 seems for the most part to work when done right.45 However, there are clearly many lessons on online delivery still to be learned.

        Access is a deep problem for workforce education. With a workforce of more than 150 million people requiring systematic upskilling and lifelong learning, and a problematic existing delivery system, it is difficult to envision how provide this access without extensive use of the scaling possibilities of online education. New delivery modalities have evolved to expand the reach of online education, from MOOCs to online certificate programs. Clearly online education, and the suite of technologies and learning approaches that can enhance it, will be important to workforce education. However, much work needs to be done to adjust online training for the kinds of learning challenges different workforce groups face, including incumbent, displaced, and new entrant workers. One size clearly won’t fit all: online training will have to be adjusted to worker needs.

        There are three types of content for the working learner of the future: formal, informal, and professional. The technology for each will be different.

        Formal, typically academic, education is still very relevant to the workforce. We have already described the pedagogy, the modalities, and the technologies that affect it, and we have stated that there is a cognitive benefit to having learners receive some in-person education. This leads to the opportunity for technologies that support the deeper insights in-person modalities enable, such as virtual lab equipment. In addition, collaboration software can serve as a middle ground that achieves some aspects of in-person education without physical copresence.46

        Informal education has flourished over the past two decades. Informal education occurs outside formal institutions and either helps students do better in school or prepare for standardized tests and certifications such as bar exams. A significant amount of educational technology innovation has occurred in this sphere, and there is a rich ecosystem of downloadable and web-based testing software. Some companies, mostly focused on highly defined topics such as mathematics, claim to have personalized software using AI tools, creating student models as students learn.47 This may be a new generation of intelligent tutors. Can such technologies be used to teach a student how to write G-codes for a CNC machine tool?

        Professional education is another market in which edtech tools have flourished. It occurs inside companies or in fields that require continuing education that can be rewarded with continuing education units (CEUs). A number of specialized corporate learning management systems enable corporate learning libraries, which allow integration with HR systems.48 There is even an emerging category of recognizing and rewarding informal education in the professional category.49

        These technology developments in all three types of education are potentially relevant to workforce training. Clearly, professional education enhanced by these new technologies allows firms to provide their own training systems in new ways. But new technologies entering both informal and academic education clearly can carry over to workforce education delivery.

      
      
        Edtech and Workforce Education: Additional Technology Strands

        Our presentation of edtech in the context of pedagogy, modality, and content leaves out a few capabilities that are best presented holistically. Each offers significant promise for workforce education.

        
          Artificial Intelligence in Education

          The idea of using AI in education, and eventually the personalization of education, is very attractive in an era of rapid workforce training. The idea is that smart systems might be able to adapt to and personally guide individual students, at scale, through a learning journey that ensures better outcomes. However, it is useful to separate what it means to personalize.

          
            	•	Asynchronous video-based courses let students slow down or speed up delivery, and in this sense enables what we refer to as self-personalization.

            	•	The logistics of education can be made smoother using AI and natural language programming (NLP). This includes chatbots to address student questions and requests and to answer frequently asked questions. The much-reported Jill Watson experiment, a virtual teaching assistant used at Georgia Tech to advise students, is a good example.50

            	•	The ultimate AI-based personalized system might well be the intelligent tutor we described earlier. Some systems, though, offer adaptive guidance to students using Bayesian and other learning algorithms, but in the end involve a human teacher who can provide personal attention. This helps manage the load of the human. Perhaps one day AI systems will be able to truly coach the student by understanding their deeply embedded misconceptions. But that may be a few years away.

          

        
        
          Sensors

          There is much research about the human body’s response to learning. This ranges from EEG responses to eye tracking.51 In the future, galvanic skin reflex, expression tracking, and heart rate variability may also become key measures. These high-technology systems may become valuable in understanding whether a student is comfortable with the learning, but they will take time to be refined, accepted, and adopted.

        
        
          Digital Certificates and Badging

          As we’ve discussed, new credential systems will be needed for workforce education and lifelong learning. There has been much work done with digital badging to recognize learning achievements.52 But there are unresolved issues about what credentials mean and their validity.

          In early 2019, nine universities around the world launched an effort to make digital badging more scalable and prevalent for use in online courses.53 Digital credentialing, using strong cryptography, can create fraud-resistant, readily verifiable certificates (under the control of the credential holder rather than the education institution) that can be much more detailed with respect to the skill content that is their basis. This can help assure the rapid transportability of credentials and help employers understand what they represent, as chapter 11 discusses in more detail.

          

          Online education, coupled with a swarm of complementary new technologies and learning approaches, offers a new tool for workforce education. Given the scale of the workforce education task—a workforce that requires ongoing upskilling and lifelong learning—online education’s ability to scale rapidly will be important. It provides a dramatic new tool to open up access to workforce education. While online education so far is better when combined with face-to-face education for blended learning, it should become a critical element of workforce education delivery.

          Complementary technologies will increasingly enhance it. These include MOOCs, intelligent tutoring systems, computer games, simulations, collaborative IT tools, VR and AR, AI, digital credentialing, and, potentially, sensors. This bundle of new education tools can also further learning. We are beginning to absorb lessons about improving the learning process through new pedagogy tools: bite-size chunks (short, focused segments), desirable difficulties (through testing, spacing, interleaved content, and assessment/feedback loops), and hands-on learning (through tactile, active, and blended approaches). These learning lessons can be boosted in an online context by the new technologies available to help with delivery. New systems and modalities for delivery are also evolving, from MOOCs to the platform systems that support them and to new companies and digital certificate systems.

          To apply this new toolset, we will have to overcome barriers. Current MOOCs primarily serve better-educated users who are already employed and seeking career and education benefits.54 Online is only beginning to be seen as a medium for teaching technical skills used in the workplace, and we lack a solid system for implementation. However, workforce education, with learning by doing and hands-on requirements, is a direct beneficiary of this mix of new technologies with what we’ve learned about learning. It can also benefit from the new delivery modalities and systems that online education has spurred. There is much promise here, along with many challenges.
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        The Educational Content

      
      So far, this work has focused on workforce skill acquisition and the role of the education system. Just what skills are needed and what specific content will be required in workforce education to ensure workers have those skills are, of course, obvious questions to address. To make the answers as actionable as possible, it’s worth first reviewing two particular movements in education—competency-based education and the development of shorter-term programs with certificates—because of the promise they hold for dramatically assisting the ways in which skills can be acquired as part of workforce education. These movements complement and enhance the utility of each other, and each can also be enhanced by the possibilities of new online, digital technologies.

      
        Competency-Based Education

        The first movement is competency-based education, a concept that originated in apprenticeship, technical, and military training and then moved into K–12 education, with a focus on outcomes that lead to student demonstration of proficiency in using relevant information, ideas, and tools.1 Along the way, a number of education theorists spelled out early concepts.2 The demonstration of particular skills and knowledge followed by ongoing assessments was the organizing key to modifying instruction practices around demonstrated outcomes. By 2015, the US Department of Education found the movement had reached into higher education, with perhaps as many as six hundred colleges and universities adopting the approach for some classes or larger programs,3 although that still represented only a fraction of college offerings.

        Competency-based education means measurable learning targets in specific areas of competency that are made clear to students at the outset, with students receiving instruction until they fully grasp these concepts and skills.4 Competencies can be defined as observable and measurable standards for an area of skills, knowledge, and personal abilities. A skill is narrower, related to the ability to perform a particular task with determinable results. Continual assessments measure whether students demonstrate mastery of the area; once they do, they move to the next topic. The approach not only aims for the ability to recognize and repeat a concept after it has been taught, but also promotes cognitive mastery of a concept—the ability to evaluate it, comparing it to related concepts, and extend it in new directions. The competency approach divides an education area into bite-size, manageable pieces that complement each other and, when combined, enable mastery of a group of topics that amounts to understanding an overall field.

        This approach requires additional instruction support that differs depending on students’ individual learning needs. The continual assessments are embedded throughout the learning cycle along students’ individualized learning pathways as they move at their own paces toward specific learning outcomes. Monitoring how students are performing all along their pathways is important to the model.5

        The differences between traditional education and the competency-based approach are significant. The former is tied to fixed time periods, and students move on regardless of whether they have fully acquired the necessary concepts and skills. Learning targets are organized around grade levels set by age, not an individual’s learning capacity and development. Students who aren’t meeting academic or behavior standards can receive occasional targeted assistance, whereas they receive differentiated support all along, based on their learning needs, in the competency model. Traditional education assessments are used at set times, typically near the end of one of the fixed periods and to summarize content acquisition. Grades reflect completion of assignments and content-based test scores with corresponding student ranking; in competency learning, grades are used primarily to orient students and inform them of their position along their learning pathways.

        Competency-based education is by nature instructor- and labor intensive, but with the addition of online features it can be less costly.6 Reflecting its training origins, this approach also appears significantly better fitted to educating for workforce skills than traditional education; in fact, workforce training has long used a variety of competency-type approaches implicitly. Workforce education requires a major dose of hands-on learning by doing, which by its nature matches competency learning patterns. It can be better shaped into modular units of varying length and knowledge intensity, with frequent skill demonstration and assessment to assure skill proficiency.

        Stated more explicitly, a competency approach for trainees allows them to advance as they demonstrate fluency with each skill element. Learning targets are organized and paced to better fit the individual’s learning capacity and development, and trainees receive monitoring and support throughout based on their learning needs—and if they aren’t meeting skill standards, then they receive targeted help. Assessments are embedded throughout the training program, and performance evaluations are used to orient students to their progress along the training pathway.

      
      
        Compact, Credential-Based Education Programs

        Soaring student debt is making the expense of higher education increasingly difficult to manage (as noted in chapter 7), and traditional higher education schedules don’t fit work patterns well.7 Most students who leave degree programs do so because they have to earn money.8 These factors, along with the availability of online offerings, have spurred a significant shift toward nontraditional credentialing.9 In 2016, some 6 percent of adults had work-relevant, nondegree certificate credentials, and 21 percent had licenses.10 The number of learning workers—adults over eighteen that are both working twenty plus hours a week and participating in education programs—has now passed the number of traditional learners (“full-time” students), particularly after age twenty-four.11 Some 60 percent of certificate holders surveyed say their certificate was “very useful” in finding a job,12 and a 2019 report found that adults without a postsecondary degree who hold a certificate or certification have higher levels of full-time employment than their peers (85 percent vs. 78 percent) and have a median annual income of $45,000 versus $30,000 for those without a certificate.13 Those who attended a vocational or technical school are the most likely (77 percent) to have a certificate or certification.

        We need to define some terms here. A credential or certificate is generally offered by education or training institutions for skills or competencies. A certification attempts to validate a credential or certificate. It often involves a third party independent of the credential provider that confirms or accredits a demonstrated skill or competency. This is often through a testing or verification process and can be for a limited period—after which a recertification is required. A license is granted through a government-approved process and has legal status: a person can’t practice a particular skill, competency, or profession without it.

        So-called nanodegrees and microcredentials are also evolving.14 Udacity, for example, offers a series of related online courses on data science, programming, and other areas for technicians that it argues can move a student from beginner to job-ready in seven to twelve months.15 MITx, MIT’s online course system, now offers MicroMasters certificates on the edX platform that are open to anyone, for completion of six to eight related courses in a growing series fields, from advanced manufacturing to supply chain management.16 MOOC courses offered by colleges and universities now include courses from some nine hundred schools; enrollment has grown over 900 percent since the first MOOCs in 2011.17 The Labor Department’s CareerOneStop, a job search site, offers 5,700 certification tests to users, from restaurant food preparation to childcare to wiring. Workers can take these tests to demonstrate their skills, presenting the test results as validation and thus side-stepping degree requirements. All these short, more bite-size courses and programs sit firmly within competency-based education. They amount to a new prehire certification mechanism.18

        Academic institutions are increasingly offering digital credentials and badges (which are visual symbols of the credential), and the numbers are proliferating. This is making it difficult for both employers and employees to understand what they mean. Key lessons are emerging.19 For example, if schools offer only manual processes (websites and email) to collect credential assessment information from students, this in turn dictates that the credentials must be issued manually, so they can’t scale. Instead, assessment management and credential and badge issuance need to be integrated. Issuing credentials and badges not backed by academic rigor, including assessed evidence, frustrates employers and undermines their credibility. Tying them to established industry standards, when available, is important. Issuing credentials and badges that don’t match well to actual performance for work or internships is also detrimental to their value. Credentials need to cross-link to the evidence behind them, and this information must be easy for employers to access, not buried in learning management systems. Certificates are most valuable when subject to certification from an independent third party, such as an industry association or standards-setting entity, and when there is rigor in that process through an exam and periodic recertification to ensure continuing competency. While self-certifications and voluntary certifications can still be useful, third-party certification is an important step to help employers make sense of the accelerating numbers of certificates.

        Despite these challenges, digital credentials, and the badges that often go with them, can play an important role in demonstrating workplace skills and competencies. They can be aimed at particular skills, offered on a timetable that helps working adults, and stacked with related credentials to show broader skill and career capabilities to employers. People without college degrees are the most interested in pursuing additional education and training,20 and graduates of both nondegree and graduate vocational and technical programs are those most likely to agree that their education has made them strong job candidates.21 The demand, then, for these kinds of programs appears to be in place.

      
      
        New Online Delivery Tools Can Assist

        These competency-based and compact credential program movements in education have each been supported by development of online digital tools. For example, the Labor Department has supported several online delivery tools to assist in the adoption of new workforce approaches and worker access to them. For instance, through a grant from the department’s Trade Adjustment Assistance Community College and Career Training (TAACCCT) program,22 some seven hundred community colleges created a free and open online library called SkillsCommons that offers support materials for workforce development; it’s a major collection of workforce-related online resources, revised and adapted by individual institutions and industries.23

        Three other Labor Department efforts, all developed by the Employment and Training Administration, should be mentioned. The first, mySkills myFuture, an attempt at a one-stop job search navigation system, has a number of features to help workers assess their skills and search for careers in areas that fit their skills.24 Next, WorkforceGPS collects resources on workforce education for a wide range of groups and organizations, such as workforce development boards, career education or rural services providers, employers, and state programs. The resources include materials on apprenticeships and skills training.25 Finally, there’s CareerOneStop, a website that includes a job search toolkit with information on occupational profiles, a personal interest assessment, a targeting system for seeking occupations, local training and apprenticeship finders, and information on growing job sectors. It also provides access to job certification tests. Users can create their own job search plans. It also contains focused information for older and displaced workers and other worker categories.26

        The value of online education programs can be seen in the example of Western Governors University (WGU), which has a competency-based education approach in all of its courses.27 Formed in 1997 by nineteen states, its enrollment in 2019 was more than 110,000 students—older (average age thirty-seven; mean age forty-three) and mostly (61 percent) first-generation college students28—studying in sixty undergraduate and graduate degree programs. Nearly 80 percent of WGU students are employed full time, a significantly higher rate than for similar programs for nontraditional students; mentoring and having a job or internship are key to the success of the program.29 WGU demonstrates that online degree and credential content can work, particularly with work and mentoring scaffolding.

        The private sector has also been creating a series of online delivery tools to assist in workforce education and career development. For example, HoloPundits in Ohio provides virtual and augmented reality training materials for manufacturing and healthcare sectors, using guided feedback to users that fits competency education approaches.30 In software design and development, LinkedIn Learning (formerly Lynda), also now owned by Microsoft, offers some 1,500 courses as part of the LinkedIn system.31 There are many efforts ongoing; other examples of digital projects are noted ahead.

        But how do we better alert workers to the kinds of training (and therefore jobs) that could be within their grasp? Academic research is beginning to yield these kinds of career-enabling online elements; two examples follow. For example, researchers from Arizona State University and LinkedIn have developed a system called NEMO32 to help with career move prediction, and a group at the MIT Media Lab has developed a prototype called Skillscape that creates clusters of skills using Labor Department data.33 These kinds of systems are important potential enablers to place optimal workforce education into the hands of workers.

        Finally, new blockchain technology—just emerging—is helping address the major difficulty workers and students face when it comes to explaining their certificates and degrees to employers, who need to know whether they are valid, what they mean, and what their value is. This new technology allows workers and students to own and control their own secure records in ways that enable them to answer these questions. Institutions are beginning to authorize this blockchain approach,34 which also helps make credentials transportable.

      
      
        Skills Requirements

        We now come to the skills needed and the specific content (often called taxonomies) that will be required in workforce education to ensure workers have those skills. The US Department of Labor has created a series of training competency categories as part of articulating needed workplace education content:35

        
          	•	Personal skills—interpersonal skills and lifelong learning

          	•	Academic competencies—basic academic skills such as reading, writing, and mathematics, as well as more advanced knowledge relevant to a particular occupation

          	•	Workplace competencies—understanding the role of the company and industry, such as inputs, throughputs, and outputs, and teamwork and collaboration

          	•	Industry-wide technical competencies—the knowledge, skills, and abilities associated with a particular industry, such as manufacturing or healthcare

          	•	Occupation-specific technical competencies—the skills and abilities associated with particular occupations, such as manufacturing technicians

        

        In the early 1990s, the Labor Department empaneled the Secretary’s Commission on Achieving Necessary Skills (SCANS), which identified the following competencies and foundation skills: basic skills (reading, writing, arithmetic, mathematics, listening and speaking), thinking skills (creative thinking, decision-making, problem solving, seeing things in the mind’s eye, knowing how to learn, and reasoning), and personal qualities (responsibility, self-esteem, social, self-management, and integrity/honesty).36 Since then, the research behind the SCANS list has become ever more detailed.37

        Industry has developed detailed general skill requirements as well. The common employability skills across sectors from the National Network of Business and Industry (NNBI) include personal skills (integrity, initiative, dependability and reliability, adaptability, and professionalism), people skills (teamwork, communication, and respect), applied knowledge (reading, writing, mathematics, science, technology, and critical thinking), and general workplace skills (planning and organizing, problem solving, decision-making, business fundamentals, customer focus and working with tools and technology).38 Each skill category (such as personal skills) is further defined with descriptions of each competency (such as initiative) being sought. The NNBI provides services to the company members that belong to the twenty-six major industry associations that make up the network, with materials advising them on how to create their own standards-based credentials and about industry-recognized credentialing systems they can rely on in areas such as advanced manufacturing.39

        SCANS and NNBI list general skills needed for employment. Individual industry sectors have articulated their own sets of skills. For example, the Manufacturing Skills Standards Council developed a detailed set of skills for certified production technicians that covers the following areas: safety, quality practices and measurement, manufacturing processes and production, maintenance awareness, and “green” production.40 The MSSC provides both courses and assessments for employers and their employees, and the certificates are backed by the National Association of Manufacturers.

        For our purposes, we have identified three critical areas in which content is required in workforce education systems: foundational academic skills, personal and interpersonal skills, and occupational skills. Let’s address each in turn.

      
      
        Foundational Academic Skills

        Basic academic skills, in our context, are those that should be acquired in the K–12 education system but also that serve as a foundation for the follow-on stages of personal and interpersonal skills and required technical skills. In their now classic 1996 book Teaching the New Basic Skills, Frank Levy and Richard Murmane suggested that the traditional academic skills taught in the K–12 system at the time were insufficient for high school graduates in a period of technological change in the workplace and proposed a mix of general education skills and soft skills as foundational for nearly all occupations.41 What they called new basic skills would have high school students graduating with the ability to

        
          	•	read at the ninth-grade level or higher;

          	•	do math at the ninth-grade level or higher;

          	•	solve semistructured problems for which hypotheses must be tested;

          	•	communicate effectively, both orally and in writing; and

          	•	use computers to carry out simple tasks, such as word processing.

        

        They argued that students could acquire these basic skills if their education followed a group of principles that are also characteristic of good training management practices in strong companies: reach agreement on the problem; provide the right incentives and opportunities; train the frontline workers; measure progress regularly; and learn from mistakes.

        There are a number of programs in the United States that mix basic academic skills into technical, occupational education. Some of these are highlighted ahead.

        
          ACT WorkKeys

          The widely used American College Testing (ACT) WorkKeys system of curriculum and related assessments for basic academic and personal workplace skills exemplifies many of the Levy and Murmane concepts.42 Its applied math course builds ability to apply math principles to problems faced in the workplace; its graphic literacy course includes the ability to find, understand, present, and use information needed in the workplace; and its workplace documents course builds the ability to apply written information. Problem solving, using actual workplace problems, is built into all three. The courses also measure soft skills relevant to most jobs.

          ACT’s web-based KeyTrain interactive training program builds on the content, progressions, and assessments of the WorkKeys system.43 KeyTrain courses move to the next applied level in areas such as electricity, mechanics, and business writing, and also addresses personal characteristics such as dependability and emotional stability. There is also a classroom training element users can apply. ACT’s courses can lead to its National Career Readiness Certificate (NCRC) for essential workplace skills, which is recognized by thousands of employers.

          ACT also offers a service in which licensed job profilers meet with employers to get background on jobs to be profiled and help set out job elements that correspond to WorkKeys assessment scores, creating a standard for the job. This creates target scores for applicants to meet to qualify for the job. These profilers also collect training manuals, annual reports, newsletters, and other information about the company, as well as information on the job itself and how it serves the company. These are built into the job profile and tied to the WorkKeys elements. Some fourteen states have participated in ACT’s job credentialing system, using WorkKeys as part of their involvement.

          ACT has used experts from a range of fields to develop its assessments and then field test them to assure their validity, particularly their ability to predict success in a range of occupations.44 It has a monitoring and evaluation process to help ensure their ongoing effectiveness. Based on its program evaluations, ACT has found that individuals who complete the WorkKeys certification are more likely to possess job-related cognitive skills and successfully complete training programs, leading to better job performance.45

          The application of WorkKeys at Phifer in Tuscoloosa, Alabama, offers an example of how employers use and view the WorkKeys program.46 Phifer, which manufacturers aluminum and fiberglass screens and designs fabrics for outdoor use, faces significant competition in finding qualified employees in North Alabama with its growing manufacturing sector. In addition, its job profiles need continual updating because of changes in production technology and processes. So the company worked with ACT WorkKeys to develop job profiles with skills that were measurable and then, working with a local community college, developed the training to fit these profiles. This resulted in a five-week program in which participants earned the WorkKeys NCRC.

          Phifer has also faced relatively high turnover and has needed higher-level employees to meet the technology advances. Using ACT WorkKeys improved hiring, identifying high turnover positions to focus on. The job profiles enabled much better assessment of applicants, so the right employee tended to be matched to the right job. That cut turnover from 17 to 5 percent annually—a major cost-saving move that more than paid for the program. The company believes it now has a validated hiring model, with predictable outcomes thanks to hiring candidates with the WorkKeys credential.

          The company also uses ACT’s KeyTrain for applicants, with its scoring system, and applicants have to score high enough to match the job profile; if they don’t, they can retake the assessment and get targeted instruction on skills where they need to score higher. In effect, then, applicants can train to become qualified applicants. Because half the firm’s workforce is approaching retirement, the company also needs to develop and move up current employees to fill openings. So the company also uses WorkKeys to identify promotable employees.

          All told, Phifer’s return on its workforce training investment has been a $2 million reduction in training costs, a 25 percent cut in training time (through improved retention), a 40 percent improvement in the quality of applicants, a 33 percent reduction in orientation time, and a 15 percent increase in workforce punctuality.

          Phifer adopted an approach of getting buy-in from managers and employees across the company for the new system, and it has led to implementation of a number of Levy and Murmane’s recommendations for basic skills. As part of this effort, the company participated in organizing a manufacturing network with fourteen area companies that also leverage ACT WorkKeys solutions and use a “community” approach to building employee talent. The result is one of the ACT WorkReady Communities, which use ACT WorkKeys and the NCRC system. The company also serves on the area’s Labor Department–supported workforce investment board.

          Other examples of WorkKeys being used come from colleges in Alabama and Tennessee. Alabama’s Community College System is adopting WorkKeys and ACT’s NCRC system statewide to address employers’ need for a stronger employee pipeline.47 The state’s community colleges are also adopting the MSSC standards as the accepted regional system for evaluating manufacturing skills. And the state and its community colleges are pushing ACT-type foundational skill training preparation down into the early stages of high school, as well as looking at it for use in prisoner education.

          In Tennessee, the state’s twenty-seven Tennessee Colleges for Applied Technology (TCATs, formerly known as Technology Centers) are also demonstrating the utility of ACT’s WorkKeys and KeyTrain programs. TCATs provide rigorous one- to two-year technical education programs with high completion (for a range of diplomas or certificates) and job placement rates, yielding relatively high wages.

          The TCATs began as the state’s vocational/career technical education high schools, evolved into a postsecondary education system, and became part of the state’s higher education institutions. They have overcome the common problem that faced community colleges nationwide—poor preparation of students coming from high schools and the pressing need for remedial programs. They have achieved program completion rates that range from 61 to 87 percent across schools, and job placement rates from 76 to 92 percent.48 Overall completion rates, according to Tennessee Reconnect in 2020, were 81 percent and job placement rates into positions in the student’s field of study were 86 percent.49

          All entering TCAT students participate in an ACT WorkKeys/KeyTrain Techology Foundations program, which includes applied math, reading, locating information, writing, problem solving, and teamwork. Instructors set up an individualized learning plan with each student, who pursues the WorkKey/KeyTrain curricula at her or his own individual pace. The learning lab is open five days and some evenings each week for students to work on their programs and consult with foundations instructors. Lectures and group activities supplement the program, in a highly blended education model. It is competency-based learning with students mastering a series of stages and skills.

          The great majority of students complete Technology Foundations a little after their first trimester; only a handful have not done so by the third trimester.50 They then take ACT’s online NCRC assessment. The TCAT goal is for all students to have certificates at a silver and gold level, the two highest. In 2010, of the 4,250 TCAT students completing the certificate, 30 percent were gold and 57 percent were silver.

          The Technology Foundations competencies are fully integrated into the occupational and technical training programs students are undertaking in parallel. It is a self-paced, competency-based program geared to individual students, which helps those who have not done well in the past in classroom settings. Foundations instructors build relationships with students and communicate with them frequently, building learning communities that match the online curriculum.

          The high completion rate for these developmental and basic technical skills and the high job placement rate are testaments to how well it works and to employer satisfaction with graduates.51

        
        
          Washington State’s I-BEST

          Washington State’s Integrated Basic Skills and Training (I-BEST) is another program that mixes basic academic skills into technical, occupational education.52 It has come to be recognized nationally as a model for offering foundational skills.

          Initiated by the state’s community and technical colleges, I-BEST uses a team approach to teach community college students basic literacy, employability, and college-readiness skills so they can move through school and into jobs faster. I-BEST rejects the traditional community college notion that students with learning gaps must get through a sequence of precollege basic education and remedial courses before they can start working on certificates or associate degrees.

          Rather than having to postpone their career and work goals until they catch up on academic basics, I-BEST students get the academic help they need while studying in the career field they choose. Each I-BEST course has two teachers: one provides technical job training; the other teaches basic and complementary reading, math, and English language skills. These catch-up studies make more sense to students because they can be seen in a career-enhancing context.

          Compared to students who first enroll in remedial courses, I-BEST students are three times more likely to earn college credit and nine times more likely to earn a certificate or degree.53

        
        
          Programs for Improving Math Skills

          The US Department of Education has identified postsecondary math as a major barrier to degree completion. Nationally, 60 percent of incoming community college students are placed into at least one developmental math course annually, and yet only one-third complete the developmental math sequence and only 20 percent complete a college-level math course over three years.54 Men, older students, African American students, part-time students, and students in vocational/CTE programs are less likely to progress. The issue affects four-year colleges as well. Thus there are many specific efforts underway to address foundational math skills—including these innovative programs:

          
            	•	Statway and Quantway began in 2011 and assist students with college-level introductory math courses. The highly affordable programs (as low as thirty-five dollars per student) combine a college-level math course with remedial and developmental math “corequisites” and feature innovative curricula, research-based pedagogy, and relevant analytics to help educators provide targeted support for students. Students work together in small groups observed by the instructor. Participating faculty are trained online and in one-on-one mentoring. Some twenty-seven thousand students across eighteen states have enrolled in Statway and Quantway since 2011, and they have completed the courses at triple the rate (65 percent) of their peers.55 Studies show that participating students at six community colleges went on to transfer to four-year schools and complete their programs at significantly higher levels than students taking other math programs.56

            	•	Mathematics Pathways, a program of the University of Texas at Austin’s Charles A. Dana Center, identifies underprepared students for an accelerated one-semester approach with modernized math instruction.57 It was launched in nine Texas community colleges in 2013,58 and by 2015 more than 7,600 students with a developmental need had used the program and completed a college-level math course within a year. The program has been rapidly scaling into higher education institutions across Texas and is also available nationally.

            	•	Math Start provides a semester of remedial education before students begin a program in one of the City University of New York (CUNY) system’s ten community colleges. It is an intensive and directed program for students with significant preparedness gaps. CUNY’s Math Start students make more progress and enroll in for-credit courses in their second semesters at their colleges at a higher rate than their peers who did not participate in the program.59

          

          These promising programs, along with the ACT programs noted earlier, offer new routes to tackling foundational academic skills. While these math programs offer significant curriculum reforms to help clear a critical bottleneck in higher ed, the ACT program takes more advantage of online and blended features. Blended learning can enhance foundational skill efforts. A Joyce Foundation evaluation, for example, found that while online programs alone were not that helpful in teaching foundational skills to adult learners, a blended model offered real benefits.60 Online tools for basic reading, writing, and math augmented face-to-face instruction, with adult students improving over time in their ability to work independently using online tools. Online programs were best used to supplement and enhance the classroom for this group, which was not experienced with online learning, and also assisted instructors in evaluating and supporting different student capabilities

        
        
          The Rise of Digital Skills

          Even before personal computing and the internet were pervasive, Levy and Murmanes identified “the ability to use computers to carry out simple tasks such as word processing” as a basic skill. Since 1996, when their book came out, the need for digital skills has grown substantially—as the 2017 Brookings study cited in chapter 7 showed.61

          Based on a survey of two thousand employers, LinkedIn has identified twenty-five digital skills companies increasingly want, from cloud and distributed computing and web architecture to software control systems, user interface design, and data presentation.62 A 2018 UK government report offers an “essential digital framework” that matches specific digital skills to broader areas of work tasks, including communication, handling information, transactions, problem solving, and so on.63

          The education system has not adjusted to the scale of the challenge in teaching these skills. Larger-scale use of new online technologies offers a way out of this dilemma. For example, in 2014 Georgia Tech was the first university to offer an online master’s program in computer science; this well-reviewed program had more than 8,600 paid enrollees in 2019.64 IT company certificates and university online computer science MOOC courses now abound.

        
      
      
        Personal and Interpersonal Skills

        In addition to basic foundational skills, a number of personal and interpersonal skills are critical. These are the kinds of common “soft” and social skills relevant to employability across sectors, as identified by the National Network of Business and Industry (as discussed earlier): personal skills, including integrity, initiative, dependability and reliability, adaptability, and professionalism; and people skills, which we call interpersonal skills, such as teamwork, communication, and respect. Others have added to or altered that list. LinkedIn asked two thousand companies about the soft skills they need most; employers identified leadership, communication, collaboration, and time management as their top four.65 Surveys by the Center for Third Space Thinking at the University of Southern California have identified five core soft skills—adaptability, cultural competency, empathy, intellectual curiosity, and 360-degree thinking; the center then developed programs to teach these skills.66 And as we already mentioned, the Labor Department’s SCANS foundational skills include both personal and interpersonal skills.

        
          Social Skills and the Labor Market

          According to Harvard University Professor David Deming, an expert in social and education policy, the labor market increasingly rewards social skills; with more and more jobs requiring high levels of social interaction as team production expands, workers rely on each other, and employers need workers that can adapt flexibly to workplace changes, including the ability to trade jobs and tasks.a All occupations are becoming less routine over time, reports Deming, as information and communication technologies shift job tasks away from rigid categorization and toward more job rotation and worker multitasking. These social, nonroutine interactions are at the core of human advantages over machines.

          Deming found evidence of strong relative employment and wage growth for social-skill-intensive occupations between 1980 and 2012. Jobs that require high levels of cognitive skill and social skills fared particularly well, while jobs requiring high math but not high social skills (including in many STEM occupations) did not.

        
        aDavid J. Deming, “The Growing Importance of Social Skills in the Labor Market,” NBER Working Paper 21473, June 2017 (revised), https://www.nber.org/papers/w21473.

        However, there is a deep problem in assessing such personal and interpersonal skills: while the sought-after skill can be identified by surveys and analysis, the education interventions to teach it often cannot be or haven’t been adequately tested and therefore cannot be fully validated. For example, a 2017 National Academies study, “Supporting Students’ College Success,” pursued a topic related to workforce skills, the soft skills students need to succeed in college.67 These soft skills overlap with those sought by employers. However, of the eight skills identified, the report found research substantiating effective interventions for only two. The report called for more research on the needed assessments.

        This same challenge of testing affects the personal and interpersonal skills employers seek: assessing and testing are necessary to enable sound training interventions to evolve. While testing has developed in concrete skill areas such as visual literacy and visual data needed in the performance of many jobs—ACT has been a leader in creating job-related testing in these areas—more personal competencies have been harder to correlate.

        Merrilea Mayo, author of numerous workforce education studies, has summarized key personal and interpersonal skills set out by employers:68

        
          	•	Critical thinking, which employers characterize as problem-solving approaches, from gathering relevant information to generating effective, ranked solutions from diverse perspectives and using trial and error.69 This general, procedural approach is not subject matter specific; it can be used across problem classes and involves breaking a problem into solvable pieces, not just relying on context. A related problem is collaborative problem solving.70

          	•	Works independently, which for employers is related to problem-solving ability. Employees that work independently don’t keep coming back with problems someone else has to handle; they can solve the problems on their own.

          	•	Collaboration and teamwork, which employers see as somewhat different personal skills. Collaboration typically happens between people viewed as equals who operate interchangeably; teamwork can have leaders. Some models have associated upwards of 180 different skills with teamwork.71 When employers seek teamwork, for example, they also tend to seek emotional stability, which they see as a key part of teamwork. Employers want employees who, when working with others, can accept criticism graciously, take responsibility for their actions and not blame others, and stay calm, clearheaded, and unflappable under stress.72 Energy and enthusiasm for the task are also viewed as contributing to teamwork,73 and diversity and personality can also play a role.74 Still, there are very real limits on how to teach teamwork as a workplace skill, although there have been advances in ideas for categories to measure.75

          	•	Grit and mindset are personal skills often identified by employers. Angela Duckworth characterizes grit as the “power and passion of perseverance” and has developed questions that can be asked about it.76 Grit appears to be is a strong predictor of job performance and is related to persistence. It is also related to conscientiousness, which—while not malleable—could potentially be enhanced with time management (discussed later) and goal-setting techniques. Carol Dweck has done for mindset what Duckworth has done for grit.77 Some studies show a relationship between growth mindset (an understanding that intelligence and ability can be developed) and academic task persistence, and in some cases with learning gains,78 but there are not yet studies that show a direct correlation between mindset and work performance.

          	•	Time management includes getting things done on time (meeting deadlines) and showing up on time. These skills can be encouraged by teaching workers to negotiate with supervisors to set timetables and goals for job performance.

          	•	Curiosity appears to be a predictor of intellectual skills and how people perform in life. It can be encouraged by getting people to ask questions and then follow-on questions. Those with curiosity tend have higher job satisfaction but not necessarily better job performance. Not all jobs require curiosity; it can, however, help tedious jobs seem more interesting and can also encourage people to expand their job roles to seek new experiences or connections that will improve performance. In education, fostering curiosity works best with younger students, so if curiosity is valued in work, it may need to be fostered early.

          	•	Creativity is a skill that has been subject to testing. Idea fluency appears to be a component, and can be measured through queries such as “name five adjectives that start with the letter A.” But employers often express a desire for creativity when what they really mean is expertise, which is different. For instance, an employer may seek a “creative” worker with engineering-type skills who can solve problems, but it’s the expertise that comes with those sorts of skills—as opposed to broad creativity—that might be what leads to innovative solutions.

          	•	Openness is another personal skill noted by employers and is one of the “big five” positive personality traits.79 For employers, openness is straightforward: it simply means being open—not closed to ideas, which would limit the range of problem solutions.

          	•	Motivation is a priority personal skill for employers. Research on what motivates people goes back seven decades.80 Employers are keen to have delivery mechanisms and interventions for building this skill.

        

        Overall, there is an evolving story of measuring and training for the personal and interpersonal skills employers often cite as priorities for their employees. While progress has been made in identifying sought-after skills, the ability to test and therefore train for them remains a mixed story. This problem makes it difficult to prioritize among them for training. That, in some sense, brings us back to whether the college graduates employers hire are prepared in these soft skills. The effectiveness of colleges at soft skill education is the subject of an ongoing debate.

        While liberal arts colleges have argued they prepare their students effectively in the kinds of skills just discussed, an Association of American Colleges and Universities survey suggests there are problems.81 Of 501 business executives and 500 hiring managers from companies in a range of sizes, regions, and sectors, 63 percent had overall confidence in colleges and universities, and 70 percent of expressed broad satisfaction with the ability of recent college hires to apply skills and knowledge they acquired in college. But the survey revealed significant gaps between key personal and interpersonal skills these executives and managers prioritized and their views about the preparedness of recent graduates in these skills. For example, while 78 percent identified analytical reasoning as a very important skill, they considered only 34 percent of recent college graduates well prepared in that area. There were significant gaps in many other areas as well, including self-motivation, the ability to work independently and to work in teams, and complex problem solving. These results suggest that educational institutions have some distance to go in conveying the soft skills employers desire.

        Personal and interpersonal skills, then, are clearly important to employers in the skills training equation—but the specifics of that training are still developing. Progress on how to test for them will help with better training design.

      
      
        Occupational Skills

        Our third category, occupational skills, puts us back on firmer validation ground. Because occupational skills—which vary by sectors and occupations—often require significant learning by doing using the actual equipment technologies and practices required in the workplace, they are easier to test for and measure.

        The Labor Department has a number of tools to help in understanding occupational skills required for particular jobs. The CareerOneStop site of the department’s Education and Training Administration, mentioned earlier, provides career information on nine hundred occupations, available online through the O*NET system.82 Its occupation profile descriptions include what employees in a particular job do, what a typical day’s work is like, the outlook for jobs by area, projected employment levels, the range of typical wages, education levels of those in the field, certifications available to demonstrate the skills required, apprenticeship opportunities, knowledge and physical abilities required to perform the job, related opportunities, and links to area job openings.83 The ETA’s building blocks are skill pyramids that detail foundational academic skills and personal and interpersonal skills, in addition to details on occupational skills needed for different jobs, and are available online for twenty-two industry occupational areas.84

        The Labor Department also supports a nationwide network of workforce development boards that sponsor training programs in local communities under the Workforce Investment and Opportunity Act, as discussed in chapter 3.

        The credential movement has been particularly important to occupational skills. While two- and four-year degrees remain the most likely pathways, an influx of credentials is adding new opportunities for certificates, digital badges, occupational licenses, and employer certifications. This system can be online, blended, or in the classroom, with new learning providers, from community colleges to employers to online firms and, more recently, colleges and universities. The hold of traditional educational institutions over education is gradually changing. However, the morass of credentials has created its own problems, as noted in chapter 6. It has become very difficult for students and workers to navigate among the options they now have.

        The Lumina Foundation has been working to create new systems of credentials.85 Between 2016 and 2018, it worked with the Corporation for a Skilled Workforce (CSW) to build learning-based credentialing systems in a project called Connecting Credentials, negotiating and forming a shared space for credential providers.86 Credential Engine runs a complementary effort aimed at making all credentials transparent, shifting credentials into a functioning, information-based market.87 It estimates there are some 334,000 credentials in the United States alone, and its website allows anyone to search and compare types and levels of credentials, with detailed information about the content and quality indicators for each. Hundreds of organizations are on its registry, and it has support from a series of foundations and organizations, including Lumina. The plethora of certificates and credentials underscores the importance of independent, third-party certification systems, particularly in occupational skill areas.

        So-called on-ramps are a new institutional element, available particularly to assist in developing occupational skills. These are new education and training intermediary organizations that can connect adults without postsecondary degrees to credentials that can be acquired quickly and lead directly to employment. Strada Institute identified nine model on-ramp programs in various regions that perform a combination of functions: finding and enrolling participants; providing intense, short-term education and training aimed at specific occupational pathways; wraparound support to ensure participant success combined with continuous mentoring; and a direct route from occupational training to actual job placement.88 These functions are largely separated in our current system, but are brought together in the on-ramp model. Each step is aimed at overcoming the series of uncertainties workers face about career pathways, childcare and transportation costs, and employment outcomes.

        The Council for Adult and Experiential Learning (CAEL) is an organization of education providers, employers, and cities, states, and regions focused on career education for adults. It is tied to the Strada Education Network and aims to increase emphasis on adult learners, to increase opportunities and remove barriers to help working adults find and complete new work credentials, and to strengthen experiential learning and nurture new models for adult occupational education.89 Supporting institutions that can serve as on-ramps is one of CAEL’s basic approaches.

        Apart from these overall efforts at credentialing and on-ramps, each occupation area has its own occupational skill sets. In manufacturing, for example, community colleges and states that retain vocational/CTE education institutions provide manufacturing education. There are now many online course offerings in manufacturing skills from companies such as THORS,90 180 Skills,91 and Tooling U-SME.92 NIMS, the MSSC, 93 and NIST’s Manufacturing Extension Partnership, through its network of state programs, offer manufacturing skill education courses and programs as well. The new technology fields within advanced manufacturing, such as digital production, biofabrication, and advanced materials, are particularly critical because there is no established education system to train for them. Some of the new advanced manufacturing institutes are working to fill this gap.

        At least some start-ups are entering the manufacturing skills landscape, as well. Tulip, of Somerville, Massachusetts, is attempting to bring the industrial Internet of Things (IoT) and supporting analytics to the manufacturing floor and its workforce.94 Its Manufacturing App Platform combines intelligent hardware sensors, computer vision, assistive user interfaces, and applied machine learning, along with a training system, to enable its new digital production system. Its customers include large manufacturing firms worldwide; installation of its manufacturing operating system platform at a Merck plant reduced training time by 57 percent overall.95 Tulip’s technology blends human-operator-focused technology with industrial IoT technology and software, bringing data analytics on a continuous basis to employees, measuring time and efficiency at each stage of the production process and enabling improvements in human-machine interfaces. The training system was built into the process changes. While veteran employees previously had to take a break from their production jobs to train new employees, the system enabled largely self-training in the assembly process, dramatically cutting the time the experienced employees had to spend on training tasks.

        Manufacturing training programs abound:

        
          	•	The Department of Energy’s Energy Efficiency and Renewable Energy Office has, through its Tech to Market program, developed a Build4Scale online program for bringing manufacturing know-how to start-up firms that need to manufacture their new products.96

          	•	MForesight, an NSF- and NIST-supported think tank for the advanced manufacturing institutes, has studied and identified thirty promising programs across the country for manufacturing skill building.97

          	•	The US Chamber of Commerce Foundation has been developing a talent pipeline project with employers that essentially enables groups of regional employers to collaborate on and develop common job education needs, and then to negotiate jointly with community colleges and other providers for development of courses and training that fit the needs set by these regional groups of employers.98 A job registry grew out of the data being developed on job position descriptions by employers. To implement the new system, building on lessons learned, the foundation has also organized a Talent Pipeline Management (TPM) Academy focused on developing the ability of local chambers to organize employer members and support talent supply chains. The TPM Academy is supported by a curriculum and related software tools that allow staff inside the foundation’s regional organizations to implement talent supply chain solutions for their employer members.

          	•	Henry Ford College, a community college in Dearborn, Michigan, obtained a Trade Adjustment Assistance Community College and Career Training workforce skills grant from the Department of Labor in 2012 and led a consortia of thirteen community colleges with support from Ford, Toyota, Bridgestone, and other auto sector firms. The group built a series of course offerings for advanced skill competencies in manufacturing, available across the community colleges, including an apprenticeship model.99

        

        The coming shift in the manufacturing sector to adopt advanced manufacturing technologies (see chapter 4) will require a host of new technical skills. A number of the advanced manufacturing institutes are working to identify these skills and beginning to develop training curricula for them, but this process remains in its early stages. A new system still has to be developed for this next level of skills. While manufacturing may be among the first sectors affected by the oncoming suite of new technologies, particularly in information technology areas, other sectors, from health to retail, will also be affected. A major content task ahead will be developing the new training curricula these new technologies will require.

        As with manufacturing, programs in other occupational areas are growing. Daniel Bustillo, director of the Healthcare Career Advancement Program at the Service Employees International Union, has noted that although healthcare jobs are expanding, larger-scale on-the-job training is hampered because there is no fifty-state system of hospitals; hospital systems are very local and regional.100 This decentralization makes on-the-job training more difficult to implement, and it must have a smaller scale and regional focus. Despite these problems, he noted that approximately a thousand healthcare employers now offer joint labor-management training efforts in which his union participates.

        Training in healthcare is not just for young, new employees; for example, training for minority group women already in the system at lower levels to move up should be a major component of health training. The emerging system requires mentor skills, too, so mentoring is also a training need to make new on-the-job training approaches work. Bustillo noted there is still a stigma on vocational education that is solved by a collaborative effort with a community college around a degree or certificate.

        Fairview Health Services in Minnesota has a program that enables working two-year-degree nurses to stay on the job and keep earning while they obtain bachelor’s nursing degrees. This makes them eligible for positions with increased responsibility and compensation.101 In nursing, this is a crucial step; the four-year degree opens up many professional opportunities. The two-year-degree nurses often have been out of school for many years but are a pool of talent to fill a significant gap in needed four-year registered nurses (RNs). The Fairview program has 125 two-year RNs that are part of an on-the-job program, and it is working with a network of Minnesota higher-ed institutions. The program has a high retention rate because it is creating new job opportunities. Fairview is now looking at extending this program to other medical training areas, including for medical assistants, surgical technologists, and nurse practitioners.

        Online credential programs in the health field are evolving as well. For example, the American Health Information Management Association (AHIMA), which has long offered tested certifications in health information fields, is now offering a certificate for professionals in health informatics.102 This reflects the advent of big data and analytics for health to enable better analysis, diagnostics, and outcomes. The online classes are self-paced to fit readily into student schedules and learning patterns. The credentials AHIMA (and other organizations) now offer enable creating what amounts to a new and much-needed allied health profession, with certified informatics professions serving a new role on medical teams.

        
          Organizational Learning

          Organizational learning, which is akin to teamwork but examines the organizational level above work teams, is another occupational skill that requires some attention. Linda Argote, a professor at Carnegie Mellon University who specializes in industrial and organizational psychology, has studied extensively not just how individuals learn, but also how organizations learn.a

          Organizational learning can have a dramatic effect on cutting production and service costs and improving quality and timeliness—which makes it an important issue for businesses. Organizations vary widely in their learning rates: some learn quickly, significantly improving their productivity, while others learn more slowly. Different teams and parts of an organization can vary in their learning speed.

          Argote has identified four factors that affect rates of organizational learning:

          
            	•	Individual training skills, which can affect the combined learning of the group

            	•	Developing transactive memory—that is, identifying who on a team knows how to perform the needed tasks, which allows both specialization and sharing of know-how

            	•	Using technology effectively, since new technologies can speed progress on the production learning curve

            	•	Knowledge transfer, through which one part or team in a company learns from another

          

          This points to the importance for employers to consider skill development for employee teams and groups, not just individual employees, to create organizational learning.

        
        aLinda Argote, Presentation, National Academy of Engineering Workshop, “Preparing the Engineering and Technical Workforce for Adaptability and Resilience to Change,” November 3, 2017; National Academy of Engineering, Adaptability of the US Engineering and Technical Workforce (Washington, DC: National Academies of Sciences, 2018), 29–31; Linda Argote, Organizational Learning, Creating, Retaining and Transferring Knowledge, 2nd edition (New York: Springer, 2013).

        The programs noted in the preceding discussion amount to only a tiny fraction of the occupational skill offerings from the more than 334,000 credential and degree providers. The challenge in this field, as noted, is to navigate through the system. The availability of content, of course, does not solve the content-delivery problem. While we seem to be developing a Tower of Babel of occupational skill content, corresponding reforms in institutions to deliver it have not caught up.

        

        If we are to change our workforce education system, it will be critical, of course, to get the content right. Three areas are priorities: foundational academic skills, personal and interpersonal skills, and occupational skills. The development of competency-based learning has a lot to offer. This approach divides an education area into more bite-sized, manageable pieces that can be assessed. The pieces complement each other, and when combined they enable mastery of the group of topics that represent the overall field.

        The emergence of certificates and credentials fits this competency-based approach. There are now shorter education programs that better fit the time available to adults already in the workforce, who can’t leave their jobs to seek a traditional degree (for whatever reasons) but need to find more promising career opportunities. New online delivery tools can be tailored to fit competency-based approaches.

        Foundational academic skills are being addressed through a host of programs, and some are working well. Employers are increasingly emphasizing the importance of soft personal and interpersonal skills—which create challenges because not enough progress has been made in developing tests that show proficiency, and absent validated tests it is difficult to design an appropriate training program to convey a skill. Occupational skills represent a more established territory: because so much of workforce education is learning by doing, we can better validate training to work. The complication is that we have a plethora of content providers providing a relentlessly growing level of content, both in classes and online. We’re missing a navigation system to tie the right content to individual student and employee needs (as chapter 6 discusses), and we still haven’t developed the skill content for a new range of technologies that will be entering the workplace, in both production and services occupations. Finally, we need better content-delivery mechanisms. That is the problem confronted in the next two chapters.
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        The Apprenticeship Model

      
      Apprenticeships historically have aimed at youth and new entrants to the workforce. Germany, Switzerland, and Austria run famous, multiyear apprentice programs that serve the majority of their workforce sectors and have built an envied infrastructure of skilled talent that undergirds strong manufacturing and other industries. The United States lacks this system.

      Once upon a time, flagship employers in the United States hosted strong apprenticeship and incumbent employee education programs. For example, back in 1919, what became known as the Flint Institute of Technology in Flint, Michigan, was organized to teach automotive industry skills. General Motors took it over in 1926, and it became the General Motors Institute (GMI)—sometimes called the West Point of the automobile industry. GMI focused on a unique co-op model combining education and work pioneered at the University of Cincinnati in 1907. Work and school were mixed in six-week segments, with a GM division sponsoring each student and subsidizing the tuition. General Electric meanwhile had a Shop Apprenticeship System for Boys at its Schenectady, New York, production center. A 1917 pamphlet detailed the multiyear coursework for training machinists, milling cutters, and boring millers; the curriculum went from arithmetic in the first year to graphs, radicals, quadratics, and graphing in the fourth year.1 Overall, GE’s was a model apprenticeship program.2

      In 1982, with competition in the automotive sector intensifying as Japan introduced a quality production model its US competitors hadn’t mastered, General Motors severed its relations with GMI. It became a private college with engineering programs named Kettering University, after a noted former GM research head.3 At its height, GE employed thirty thousand in Schenectady; in 2016, it employed four thousand there, primarily in healthcare and retail work. One former manufacturing site had become a casino.4 The massive employment drop led to the end of the manufacturing apprenticeship program; there wasn’t a production worker base to support it.

      Newport News Shipbuilding in Virginia has one of the only great industrial apprenticeship programs still remaining.5 The Apprentice School, founded in 1919, continues to thrive, with 725 students in multiyear programs in a wide range of occupational specialties, with sixteen academic instructors and over fifty craft instructors. It is now tied to the area community college, offering associate degrees and lifelong learning on a campus adjacent to the shipyard. It represents a model that has been largely lost.

      According to US Labor Department estimates, there were only 585,000 registered apprentices in a range of fields in the United States in 2018, through programs run by labor unions or individual companies.6 The number represents only a modest rise from the 490,000 apprentices in the early 2000s. And that’s in an economy with more than 150 million jobs: the apprenticeships are less than 0.4 percent of the total US workforce.7 Contrast that with Germany, which has 1.5 million apprentices across all sectors in a workforce of forty-four million, including in manufacturing.

      One reason for the paucity of US apprenticeships, some employers argue, is clearly related to regulation. The Registered Apprenticeship Program run through the Department of Labor sets detailed standards for employers that are part of it, including quality requirements and wage progressions as apprentices become more skilled.8 It has been dominated by skilled construction trades, where a long history of construction unions has helped sustain it. But unions have been in sharp decline in the US private sector, and so they can play only a limited role in expanding apprenticeships.

      Another reason is that US labor markets are very decentralized, with relatively few regulations and safety net features compared to other developed nations.9 Because apprenticeship and formal training programs are often viewed as requiring some regulatory framework to provide assurances to participants, this practice of limited regulation may be another factor, despite employer views. Also, companies often aren’t willing to invest in worker skills because competitor companies can poach these trained employees, avoiding their own workforce training investments. This prevents the first company from recapturing its training investment, discouraging it from investing in the first place.10 If employers in a region cooperate and share an apprenticeship program—if they all jump into the swimming pool together—this creates peer pressure that can offset the poaching problem. But a tradition of collaboration between employers is not well established in the United States. Exacerbating the problem, federal funding for employment training has fallen by half as a share of GDP since the mid-1980s.11

      National data on apprenticeship programs are limited. Some studies, however, show statistically quite significant gains for apprentices’ earnings, exceeding other options, and some also indicate significant benefits to companies.12

      To the extent it has them, however, US apprenticeships involve adults, not youth, and typically require three to four years of work-based learning and classroom teaching.13 Only a few states have youth apprenticeships: for instance, school systems in Georgia participate in apprenticeships involving more than 6,700 students; Wisconsin high school students can spend one or two years in an apprenticeship beginning in their junior year; and Charleston, South Carolina, has an interesting youth apprenticeship program detailed later in this chapter.

      But apprenticeships for youth are critically important, especially given the challenges of transitioning American youth into productive work.

      
        Youth Employment and Unemployment

        The United States has long had a problem with a high youth unemployment rate, which is a signal of a major underlying problem. During the Great Recession and its early years of recovery, the youth unemployment rate exacerbated the social disruption of the period, scarring that generation. In 2007, youth unemployment was at 13 percent; by 2010 it reached just under 21 percent,14 with many remaining unemployed after more than a year of searching for jobs. Even with the gradual recovery, this number (for those aged sixteen to twenty-four actively looking for work and not in school) was still at 9.2 percent in July 2018.15 Unemployment was higher among young men (9.8 percent) compared to women (8.6 percent), and higher among African Americans (16.5 percent) and Hispanics (10.8 percent) compared to young whites (7.6 percent). These rates compare to an overall US unemployment rate of 3.9 percent at that time.

        Germany, by contrast, had a youth unemployment rate of 6.3 percent in July 2018.16 We will return to Germany as an example later in this chapter.

        
          Education and the Youth Labor Market

          A 2018 report from the Pathways to Prosperity Project provides some insight into the youth labor market.17 It reveals that between 2000 and 2010, there was an uptick in high school graduation rates in the United States overall, from 77 percent to 84 percent, with corresponding increases for whites, Blacks, and Hispanics. But the United States—the inventor of mass higher education and long the leader—is only eleventh among developed (OECD) nations in degree attainment among young adults, and the problems are exacerbated the lower on the economic ladder a student’s family may be (see chapter 7 for a discussion of college completion rates).

          Projections show that 35 percent of the US workforce will have a bachelor’s degree or higher in 2020; 30 percent will have an associate degree or a postsecondary certificate; and 35 percent will have a high school diploma or less. A very large number of students lack any postsecondary education, despite its growing importance in obtaining solid jobs. But occupations, not just degrees, matter; some 43 percent of young workers with certificates and licenses earn more than those with associate degrees; some 27 percent of young workers with certificates and licenses earn more than those with bachelor’s degrees; and 31 percent of young workers with an associate degree earn more than those with bachelor’s degrees. The message here is that young people who get licenses and certificates for particular technical skills, primarily through community colleges, can still do well—even compared to better-educated peers.

          Half of all STEM jobs in the “hidden STEM economy” (see chapter 2) are available to workers without four-year college degrees, and they pay good wages. This means there are routes to well-paying jobs for those not on a four-year college degree path.18 But technically skilled young people without four-year college degrees need to be better connected to these quality jobs. What about the significant number of young people outside the postsecondary education system?

          A “college for all” goal seems doomed to failure.19 Instead, a much stronger focus on career-oriented programs that lead to occupational credentials for middle-income jobs appears to be required. Unfortunately, the completion rate for career technical education programs is low.20 Could apprenticeships, which involve active employment with education, be part of turning that around?

        
      
      
        Federal Support for Apprenticeship Programs

        Both the Obama and Trump administrations have supported apprenticeship programs. In October 2014, under the Obama administration, the Advanced Manufacturing Partnership (AMP), a group of leading companies and technical universities, issued recommendations for building the skilled production workforce needed for advanced manufacturing, including a new apprenticeship approach.21 Specifically, the AMP 2.0 report proposed a new model through a coalition of companies partnered with community colleges and labor market intermediaries,22 and AMP participants developed a pilot project led by three major production companies and two community colleges to develop a workable, validated, and replicable model for workforce education shared between companies and community colleges that could be implemented on a more widespread basis. It required completion of an associate degree at a connected community college and parallel completion of a Department of Labor skill certification in a two-year program. The pilot also included a playbook—a detailed how-to instruction manual for employers and colleges on how to implement and develop this approach.23

        AMP also promoted the Live, Work, Earn model developed by a statewide consortium of Minnesota community colleges, employment centers, and more than twenty-five manufacturers, to match training with available jobs.24 The model included “employer-driven competency-based apprenticeships, curricula alignment with national [skills] credentialing systems and bridging modules for veterans and other underrepresented populations.”25 AMP thought the model could be developed nationwide and build on and coordinate with existing union apprenticeship programs.

        Apprenticeship, as AMP 2.0 understood, was an ambitious approach in the United States, but it argued that the skills required for advanced manufacturing would encourage employers increasingly to turn to it. So it worked to develop model approaches, shared between community colleges (with public investments) and employers. Could the 250,000 small manufacturing firms participate? Did they have the financial resources? AMP leaders saw that US implementation of apprenticeships at a larger scale would require regional supply chains of small and large firms, including competitors, to engage together along with publicly supported community colleges, to avoid labor market disincentives for training. It would initially be particularly difficult because many small employers are not prepared to manage the additional costs of training. There could also be a major state role in encouraging and enabling the apprenticeship model. State programs could be tailored regionally within the state to particular company and sector needs.

        AMP 2.0 also called for investment and implementation of nationally recognized, portable, and stackable skill certifications that employers can use in hiring and promotion decisions, to complement apprenticeships.26 Such a system could be very useful in enabling employee mobility by providing transferable credentials. This could also encourage training programs because recognized credentials would more clearly signal training’s value and so help employers and employees alike in meeting skill needs. They could raise wages for skills, reduce hiring costs, enable a more flexible labor market through increased worker mobility, and encourage a better-trained and higher-quality workforce.

        As a model, AMP considered efforts by the Manufacturing Skill Standards Council to develop new credentialing programs for manufacturing, including identifying key work-based learning elements within different skills. The AMP 2.0 report stated that successful credentialing approaches should ensure easy entrance, exit, and reentry throughout a manufacturing career; certificate training that is organized in modules and can be acquired over time and stacked to help working adults keep building their skills; and credentials aligned with community college for-credit education programs and correspondingly with education grant programs (such as Pell and Workforce Investment Act programs).27 AMP recommended systematic efforts to increase awareness among employers and in education institutions of credentialing systems, demonstrate successful credentialing programs based on supporting evidence and data, and provide funding to support credentialing programs to get over roadblocks to adoption in statewide systems.28

        The report also called for career pathways, a workforce development approach aimed at transitioning workers from education programs into the workforce and offering services that tie academic competency and credentials to technical skills, particularly those in increasing demand. It requires partnerships between community colleges, secondary schools, workforce and economic development agencies, and employers and labor organizations. There are already programs working on this. (Florida’s FLATE program, discussed in chapter 1, has had a particularly noted program that forms these partnerships.29)

        Linking community colleges to teaching skills needed by regional employers is particularly important, although coordination is needed at all education levels. The report noted a particular opportunity to create online programs to help in these career pathways, including making them eligible to receive federal support through federal job training programs.

        Following on the efforts of the Obama administration, the subsequent Trump administration also strongly backed apprenticeships. A presidential executive order established a task force of industry and labor leaders to advise the secretaries of the Labor and Education Departments; the task force met beginning in November 2017, issuing a report in May 2018.30

        The task force found that “apprenticeship programs, when implemented effectively, provide workers with a career path featuring paid on-the-job training, skills development, and mentorship, while at the same time providing employers with a steady source of highly trained and productive workers. These programs have the potential to grow into a critical and successful component of America’s workforce strategy, but are currently underutilized.”31 Meanwhile, though, the report continued, taking a swipe at colleges and universities, “the American higher education system is churning out a pool of in-debt job seekers who are not equipped to meet the skills needs of many employers in the modern American economy.”

        The task force’s various subcommittees made several specific recommendations:

        
          	•	The Education and Credentialing subcommittee recommended new Industry-Recognized Apprenticeship programs built onto “traditional work-and-learn models to achieve higher levels of employer engagement and better outcomes” and to “include work-based learning and performance assessments.”32 It also called for nationally recognized and portable “standards-based, industry-recognized credentials,” to be developed and disseminated by the public and private sector partners implementing the programs. The federal agencies involved were asked to make technical instruction affordable for apprentices and, in partnership with employers, to provide resources for certifying organizations, institutions of higher education, and other participating education providers.

          	•	The Attracting Business to Apprenticeship subcommittee recommended updating federal funding criteria, streamlining state grant access, and exploring sector-led financial options.33 It asked the Department of Labor to identify existing skills shortages and quantify the benefits of apprenticeships in meeting labor market challenges, and also to compile apprenticeship information in one centralized website.

          	•	The Expanding Access, Equity, and Career Awareness subcommittee proposed that federal agencies should fund a public outreach campaign for apprenticeships and actively promote an “earn-and-learn” model for employers and apprentices.34 Clearer guidelines and funding from the Labor Department were recommended for regional organizing efforts and for certifiers and sponsors to form outreach strategies. The Department of Labor was also asked to make changes to its existing Registered Apprenticeship system.

          	•	The Administrative and Regulatory Strategies to Expand Apprenticeship subcommittee recommended a pilot project in an industry without well-established Department of Labor Registered Apprenticeship programs (i.e., outside the construction sector);35 an education focus on mastery and competency, not simply seat-time or training hours, with implementation guidelines that spelled out corresponding quality standards; and that programs not be required to follow specific wage-progression rules but instead make clear to apprentices at the outset what wages they will be paid and when their wages will increase.36 It also identified additional regulatory changes that required attention for apprenticeships to expand.

        

        The task force argued that implementing its recommendations could “begin to break down the silos that currently exist between traditional education and workforce learning” through a major expansion of apprenticeship programs.37

        Following up on the task force proposals, the Labor Department issued regulations in 2020 to allow a new form of apprenticeship, supplementing its registered apprenticeship program and aimed at industries such as healthcare that haven’t used apprenticeships.38 Called Industry-Recognized Apprenticeship Programs (IRAPs), it allows third-party groups such as community colleges, trade associations, and nonprofits to develop apprenticeships in their own industries that include paid work, an industry-recognized credential, and credit for competency-based education. The Labor Department delegates oversight of quality to third parties called standards recognition entities. The changes were supported by community colleges, which hope to use them in cooperation with employers, but were opposed by labor unions, which argued they dropped needed worker and quality protections.

        As we consider these and other recommendations for the United States, it is important to put them into the context of what may be the most successful national apprenticeship model in the world—the German one.

      
      
        The German Apprenticeship Model

        Vocational education and training are the norm in northern and central Europe. It supports young people in the shift from adolescence to productive work and adulthood. Between 40 and 70 percent of young people in Austria, Denmark, Finland, Germany, the Netherlands, Norway, and Switzerland opt after grades nine or ten for educational programs that typically combine classroom and workplace learning over the following three years, culminating in a diploma or certificate.39

        The German apprenticeship model has long been the gold standard for workforce education, so any evaluation of apprenticeship models must consider it. German-based firms doing business in the United States40 have identified job skills as a key to their future success here, and the German embassy in the United States has begun its own skills initiative to share German best practices in workforce development with US employers.41 German-American Chambers of Commerce in a number of regions have been making a similar effort.42

        The German apprenticeship program has several key characteristics:43

        
          	•	Skill development, primarily through firm-based training complemented by mandatory school-based education

          	•	Strong reliance on the private sector, with widespread firm-based participation (even though participation is not compulsory) and financing

          	•	Collective approach, with firms training to standards that are set jointly by firms, educators, government, and unions, and with firms held accountable for the quality of their training based on their apprentice’s exam performance

        

        The program ensures a low level of youth unemployment, and enjoys support from political parties across the political spectrum. And the program remains attractive to Germany’s young people. Although there has been a modest shift to more university education, there is now a popular hybrid approach of a university degree from Germany’s technical colleges and work-based certification, so apprenticeships are extending to postsecondary education as well as secondary.

        A 2015 Brookings study argued that Germany’s apprenticeships are a significant contributor to its innovation in manufacturing. Three statistical comparisons were particularly telling: the United States that year ran a $668 billion trade deficit in goods, while Germany ran a $425 billion surplus; the US youth unemployment rate was nearly twice Germany’s; and the OECD’s ranking of the share of graduates in STEM fields in thirty-six developed nations ranked Germany third and the United States thirty-third.44 The Brookings researchers set out three benchmarks to guide US stakeholders if they were to consider adapting and using the German apprenticeship program:

        
          	•	Regional collaborations among public, private, and civic actors

          	•	Institutional intermediaries that can address market and coordination failures

          	•	Incentives to support small and medium-sized firms45

        

        The Brookings study noted further that the national credentialing system that accompanies the German apprenticeship program and is frequently updated to reflect occupation changes provides both transparency and certainty for both employers and graduates. Each element achieves potential benefits for “students, who have reasonable confidence that their education investment will be recognized and rewarded by employers; educators, who better ensure that the education they are providing is economically relevant; and employers, who more clearly understand how prospective employees’ education, competencies, and skills match the needs of their open positions.”46

        Of course, a centralized skills certification system may have limits. It can be inflexible and create barriers to entry. To offset these potential problems, pathways have been created that can lead workers to obtain other occupational credentials. However, the German system is limited in its ability to provide continuing and lifelong education because it is aimed at new entrant workers. It is also, therefore, difficult to switch occupational fields. Overall, however, the system has created a highly skilled workforce that is a significant enhancement for its industrial leadership. This strong base of skilled technical workers particularly helps Germany’s highly respected Mittelstand of small and midsize firms keep current with productivity and technology advances. Of course, the German system extends to many occupational areas beyond manufacturing, with comparable benefits.

        Could the German apprenticeship system transfer to the United States? The German secondary and postsecondary education system is clearly very different, and there are important economic differences between the two countries. It should come as no surprise, therefore, that there are opposing views about the answer to this question. Some researchers argue that Germany’s quite different social, educational, economic, and cultural attitudes mean its apprenticeship model simply will simply not fit US circumstances.47 The different varieties of capitalism between the two countries are a problem. The liberal market economy in the United States is oriented to technology breakthroughs and has limited state intervention and limited protections for workers, whereas Germany has a coordinated market economy with negotiated collaborations among government, labor, and employers oriented toward more incremental advances, particularly in manufacturing. The close collaboration in a well-established system among companies, chambers of commerce, unions, and state and federal government that is embedded in the German economic system and at the heart of its dual education and apprenticeship system simply does not exist in the United States. The stakeholder collaboration that is foundational to German apprenticeships is missing in the United States, as is an underlying social commitment to the workforce.

        On top of that, Germany’s heavily tracked education system locks students into permanent employment paths and class status by ages ten to twelve. That tracking guarantees the pool of apprentices and thus is also foundational. In contrast, the US system has more limited tracking and offers students a chance to redirect their employment options at a number of stages. Without the tracking, goes the argument, the necessary committed labor pool for an apprentice system cannot be assured. Furthermore, German workers, used to tracking, are much more accepting of careers with single firms, enabling the costs of apprenticeships to be accepted by firms, while workers in the United States switch jobs and even careers much more frequently, complicating the apprenticeship economic equation for employers.

        An opposing argument acknowledges that the German system cannot be exported wholesale to other nations because the underlying social systems will be different, but contends that essential components can be adapted.48 Many core features of Germany’s dual education system could apply to any successful education program anywhere: broad objectives that achieve a mix of social, economic, and individual goals, including producing skilled workers with flexible qualifications ready to work in their selected field; using a combination of classroom and on-the-job training; partnership across government and business, jointly funded; quality standards and qualifications for teachers and trainers; a balance between standardization and flexibility reflected in an established program design; and ensuring acceptance of respect for the program by businesses, educators, and the area’s society. Looked at this way, the German apprenticeship system appears more adaptable.

        Germany certainly offers some lessons. The country’s dual education and apprenticeship program has been able to solve problems that remain unsolved in the United States. It has created a direct connection between secondary education and good-paying, quality jobs, largely avoiding the social disruption from a high youth unemployment rate. Germany has also obtained economic benefits, particularly for its strong manufacturing sector, from the productivity gains available from a skilled technical workforce; workforce productivity gains have tended to be ignored in US company workforce policies.

        The German model requires close collaboration among employers, educators, and state and federal governments. If education and work opportunities are to be better connected in the United States, these stakeholders—who have considerably less history of working together—would need to engage in collaboration that seems a prerequisite. Joint funding participation by these actors also seems necessary. The dual education, work and learn combination appears central and ensures a practical focus. Program certification and standards—including quality standards for teachers and trainers and for student assessment—likewise seem critical if a program is to meet employer needs. These basic lessons from the German model appear transportable. Germany’s emerging dual study program combining apprenticeships and its applied technical universities offers an additional interesting model.

      
      
        Apprenticeships in Great Britain

        The United Kingdom offers additional lessons for scaling-up US apprenticeships. Like many economies, Britain faces shortages in skilled technicians, especially in emerging industries. The biotech sector, for example, has many young firms that need small talent pools, but firms in the sector have reported losing orders because of a lack of skilled technicians. They have attempted to fill the gap by using college science graduates in technician roles, but these graduates are “overqualified and underskilled”; they have difficulty applying their theoretical knowledge (such as in cell biology) to practical needs (such as cell cultivation), and were never taught technical skills. Too often, they have a “graduate-level attitude”; they want “do science,” not highly skilled but more routine work, and lack the perspective to be craftsmen.49

        Apprenticeship training could fill this gap. Such programs, long-established in Britain’s manufacturing sector, typically have involved a day or two a week of off-the-job education coupled with on-the-job training. Britain has been making a major effort to expand its apprenticeship programs, shifting more control to companies by limiting government-imposed standards and requirements, to enable more rapid expansion. In recent years, formal certifications for apprenticeships have been established in new fields, and they’ve been found to work for information technology skills, manufacturing skills, and lab technicians.

        However, Britain is now dropping its apprenticeship program in retail and comparable services areas, which has not worked well. For example, a nine-month certificate in customer service tried to serve firms ranging from Harrods, a high-end department store, to small convenience stores with very different cultures and needs. It backfired.

        Apprentices in front-line retail too often found their training a waste of time; there wasn’t enough difference between skilled and unskilled workers in this sector to justify the time investment in an apprentice program. Successful apprenticeship programs offer a layered pathway to continuing success: skill acquisition is rewarded with higher pay and status as a worker advances. These kinds of continuing skill pathways exist in manufacturing, for example. However, in retail there wasn’t really much of a pathway to advancement, with corresponding status and pay rewards for new layers of skills; there were only basic skills that in many cases required limited expertise. There is limited justification for an apprenticeship program that fails to offer a clear pathway to continuing employment advances.50

        Retail, hospitality, and some other service-sector apprenticeships may offer limited prospects for advancement, with many positions on the bottom but few jobs at higher levels and few pathways up. Ways need to be found to professionalize apprenticeship jobs and increase their status; apprenticeships for everything is likely not the answer. If American apprenticeship programs grow, they should consider carefully what occupational fields should be included, and this lesson from the UK could be useful.

        The 2012 Richard Report51 to the UK Department for Business, Innovation, and Skills and the Department for Education took a hard look at refining Britain’s apprenticeship program and made several recommendations:

        
          	•	Apprenticeships should be targeted at those who are new to jobs or at roles that require sustained and substantial training.

          	•	The training program should focus on apprenticeship outcomes—that is, what apprentices can do when they complete their training. Trusted, independent assessment is key to an outcome focus.

          	•	Apprenticeship training should be organized around recognized and established industry standards for skills.

          	•	All apprentices should reach a sound level in communication and math skills before they can complete their apprenticeship.

          	•	Government funding must create the right incentives for employers and educators to participate in apprenticeship training. The bulk of the investment in apprenticeship training should lie with the employer.

          	•	Greater diversity and innovation in training is needed, with employers and the government safeguarding quality.

        

        When the report was released, its author had this to say:

        
          We need to make sure that apprenticeships are the success story they deserve to be. With the myriad of learning experiences which are currently labeled as apprenticeships, we risk losing sight of the core features of what makes apprenticeships work, so my conclusion is that we need to look again at what it means to be an apprentice and what it means to offer an apprenticeship as an employer. Apprenticeships need to be high-quality training with serious kudos and tangible value both to the apprentice and the employer. I want to hear about an 18-year-old who looked at their options and turned down a place at Oxbridge to take up an apprenticeship if that is the right path for them. And I want to hear that their parents were thrilled.52

        

      
      
        American Experiments with Vocational Education

        In the United States, racial and ethnic minorities and lower-income students once tended to be tracked into vocational education, as noted in chapter 3, while the track to college was for middle-class and upper-middle-class students. But in the aftermath of the civil rights movement of the 1960s, some of the attention to racial discrimination focused on the secondary education system and the heavy use of tracking in American high schools. Much of the vocational track was shut down, and most high school students were pushed onto a college pathway. But by the 1970s, that wasn’t working, and college graduation rates were stagnating.

        Today, a number of education reformers are calling for a departure from the single pathway of college education in favor of developing and delineating multiple paths that would give youth a better-connected route from school into solid jobs and careers. Employers would need to play a greatly expanded role supporting these new paths.

        The Pathways to Prosperity Project identified the elements of a new system.53 First, pathways to all major occupations would be clearly delineated at the outset of high school so that students and families could see what courses and experiences would help them gain access to their sought-after fields. This would maintain a unique and positive feature of the US education system: keeping a number of doors open, and being forgiving, so that students can keep trying even if they want to change their minds and shift to different career options.

        Second, relevant work experience would be built into the new system. A workplace is the best place to experiment with career choices and is the best place to learn and practice the twenty-first-century skills that will be vital to success in the emerging economy. Learning that is connected to work can also be critical in engaging students who are frustrated or bored with traditional high school.

        Third, new learning systems to help teach new technology skills, tied to the proper foundational skills, would be part of a new system—replacing the many old vocational education programs that were largely dumping grounds for students who couldn’t cope with the college-preparation route.

        Fourth, improved career counseling would be required. The current system in both secondary schools and higher education is inadequate, and many young people are adrift. Pathways to Prosperity estimates that the average ratio of students to counselors in middle and high schools is nearly five hundred to one, creating a workload under continuous strain.54 Many counselors must focus on students’ more immediate personal, psychological, and social problems, and lack expertise in quality career advising. The broken labor market information system discussed in chapter 6 only exacerbates the problems. Overall, students would need individualized plans that include career objectives, a program of study, degree and/or certificate objectives, and work-linked learning experiences.

        A fifth point—in addition to those raised by Pathways to Prosperity—is the need for “good governance” policies at the state or federal level to ensure that apprenticeships are not synonymous with cheap labor.55 Legislation can provide guideposts for setting up high-quality apprenticeship systems within a legal framework that establishes clear rights and responsibilities of the apprenticeship partners and protections for apprentices themselves, while leaving the content, testing, and certification to agreements between employers and their apprentices or their representatives. The Labor Department’s registered apprenticeship system helps assure this.

        There are numerous experiments now underway in the United States on new workforce education systems for young people that fit within the Pathways to Prosperity concepts of creating multiple pathways from high school to work and careers. For instance, Washington State’s Integrated Basic Education and Skills Training (I-BEST) program (detailed in chapter 9) integrates remedial English and math skills training into college-level technology education programs in fields ranging from auto repair to nursing using a dual-instructor approach.56 Project Lead the Way promotes STEM education through structured programs and rigorous curriculum provided to thousands of high schools in all fifty states through a four-year sequence of courses.57 The Career Academy, which began in Philadelphia in 1969, now has seven thousand academies (California alone has more than five hundred) that reach one million high school students using a “school within a school” approach.58 The Linked Learning Initiative emphasizes career technical education and work-based learning with support systems; it operates in more than one hundred school districts with learning certifications and analytics to provide pathway data to educators to raise graduation rates, increase college enrollments for low-income students, and enable them to earn more college-relevant high school credits.59

        Pathways to Prosperity itself, supported by the Harvard Graduate School of Education and Jobs for the Future, is now connected to more than twelve states providing a working framework for its approach.60 The Tennessee program in particular is worth exploring in some detail.

        
          Tennessee Pathways

          The Pathways to Prosperity program in Tennessee provides an interesting example of an energized state program attempting to merge education and work.61 Two governors from different political parties drove significant education system reforms, primarily in response to requests from employers for more skilled and better-trained workers. The state’s political, business, and education leaders saw a need to better connect high school students to both postsecondary learning and employer needs. They also sought to make it easier for students to find efficient routes to good careers. The state adopted a slogan, Drive to 55, indicating the goal to increase the percentage of state students with postsecondary degrees or certificates.

          The state became an early adherent to the Pathways to Prosperity approach, adopting Tennessee Pathways statewide to give students, beginning in high school, access to solid academic and career pathways matched to local and state economic and labor market needs. Students take academic- and career-focused courses in high school and participate in work-based learning experiences that include internships and job shadowing at companies, which smooth transitions to both college education and the workforce. The overall aim is to support more high-wage, high-skill jobs.

          In the current, disconnected national system, students complete high school and college without actual workforce skills and career information. But apprenticeships can be complex and expensive for employers, so Tennessee is attempting a kind of apprenticeship lite.62 The state is building an alternate, more connected approach. Programs at high schools and the state’s community and technical colleges and four-year universities are articulated and aligned so students can acquire credit for courses taken and degrees earned across the system. To match local labor market needs, employers contribute work-based learning opportunities and curriculum support. Intermediary organizations, such as chambers of commerce, link employers and education institutions. There is career information and awareness building early on for students. The commitment of state leaders is reflected in a positive policy environment.

          To help enable these connections, the state in 2014 created the Tennessee Promise Scholarship program, thorough which the state funds students with the “last dollars” for tuition costs not covered through state and federal scholarship and grant programs. Since then, some sixteen other states have formed similar programs.63 The state supplemented this program with Tennessee Reconnect, aimed at incumbent workers without degrees and giving them the opportunity to attend the state’s community and technical colleges tuition-free. The state has also integrated the efforts of its Departments of Education, Labor, and Economic and Community Development, along with its college and university governing agencies and the Business Roundtable.

          An important part of Tennessee’s approach is its statewide network of twenty-seven colleges of applied technology, discussed in chapter 9, which provide technical training leading to certificates and diplomas in more than fifty occupational fields.64 These centers have achieved a graduation rate exceeding 75 percent, more than three times the rate of the state’s separate community college system.

          What does this program look like on the ground? In Rutherford County, a fast-growing, urbanizing county near Nashville, the area chamber of commerce was a key convener in creating five industry councils behind Rutherford Works. By 2017, dozens of employers were participating in the programs, which included paid four-week summer internships for high school students, a hiring fair for high school seniors, a career awareness fair for eighth graders, an externship for CTE teachers with local employers, and a program in which students received a notation on their high school diplomas of their level of career readiness. In 2019, there were forty-three students from the county in four-day-a-week internships, as well as a standard CTE program in mechatronics across all county high schools that connects to follow-on two- and four-year college programs.65

          In a rural four-county area known as the Highlands in the Upper Cumberland region, the area chamber of commerce again provided leadership. In 2017, the area’s Highlands Economic Partnership programs included company tours, a twelfth-grade job fair, an externship for teachers, and a “work-based learning” capstone program that allowed high school students to intern at an employer for four days per week, 1.5 hours per day, for a semester.

          These Tennessee career pathways programs were delivered across networks of educators and employers with area chambers of commerce programs (Rutherford Works and the Highlands Economic Partnership) working as intermediaries sitting at the center. The chambers created the communication space for educators and employers, including in different industries. They also provided resources that reduced the participation burden of both schools and employers.66

          The results coming out of Tennessee’s overall program, reported in 2017, are noteworthy:67

          
            	•	The percentage of high schools offering dual-enrollment programs to students, wherein they can enroll in both high school and community college courses, was 77 percent.

            	•	Dual-enrollment participation was significant: more than 40 percent of 2015 Tennessee graduates were enrolled in one of eight early postsecondary opportunities, and nearly 20 percent of these were in dual-enrollment courses.

            	•	Almost 50 percent of 2016 high school graduates—some forty thousand students—were career technical education concentrators (taking three or more courses in a career cluster).

            	•	CTE teachers reported that 2,116 Tennessee students in the state’s high schools (7 percent of the total) earned an industry certification.

            	•	Some 83 percent of Tennessee high school students had access in 2016 to high-priority career clusters (in advanced manufacturing, health care, and IT), and eight hundred students completed work-based capstone concentrations in these clusters.

            	•	Pilot projects on work-based learning were underway, with 3,480 students seeking matches with 1,600 employers.

          

        
      
      
        American Experiments with Apprenticeships

        There are also examples of apprenticeship programs evolving at the state level in different parts of the country.

        
          Kentucky Federation for Advanced Manufacturing Education

          The automotive industry constitutes the largest sector in Kentucky’s manufacturing economy, employing sixty-five thousand workers at more than four hundred plants. The state is home to Toyota’s largest plant worldwide, the Georgetown plant, with seven thousand workers manufacturing some of the company’s top car lines.

          Facing an aging workforce and pending skilled worker retirements, Toyota partnered in 2009 with Bluegrass Community and Technical College (BCTC) in the Lexington area to create the Advanced Manufacturing Technician (AMT) program, which offers a multidisciplinary associate degree focused on electricity, fluid power, mechanics, and fabrication. The program, which has significantly strengthened the supply of young manufacturing workers in the area, has expanded to more than fifteen companies and now has a regional consortium with some two hundred companies—the Kentucky Federation of Advanced Manufacturing Education (KY FAME).68

          The AMT and FAME programs resemble the German approach to dual education.69 Participating companies recruit from a pool of high school students who must meet significant threshold requirements to qualify, including graduating from a high school that has adopted Project Lead the Way STEM education, having an ACT score of twenty-five, and achieving a 3.0 grade point average (GPA). They then participate in a two-year apprenticeship at Toyota for three days a week, earning from twelve to sixteen dollars an hour, and take classes two days a week at BCTC. Toyota has even built a BCTC campus on its site that affords students experience with robotics, computers, and advanced equipment, and BCTC has also built a new advanced manufacturing training center at another campus. AMT program graduates can continue into four-year engineering programs at Northwood University and the University of Kentucky.

          KY FAME, which began with fifteen students, was employer-generated but closely allied with a technical college. Toyota next helped organize other regional manufacturers with similar talent needs, including those in its supply chain, growing the program from four companies. KY FAME has since grown significantly to six regions in the state. As of 2017, 232 students had earned AMT degrees, 650 students were enrolled in FAME programs that fall, and the graduation rate that year was 89 percent.70

        
        
          Michigan Advanced Technician Training Program

          Michigan, with its automotive manufacturing sector hit hard, had a particularly disastrous Great Recession. Since then, the state’s recovery has been one the nation’s strongest. Nevertheless, like other areas, Michigan has an aging workforce and needs younger workers in its manufacturing system. Skills in mechatronics, a design process that requires mechanical engineering, electronics, and computer science, are a particular need.

          After a trade mission visit to Germany, Michigan’s then governor concluded that Germany’s dual-education apprenticeship model could assist in meeting the state’s manufacturing skill needs. He tasked the Michigan Economic Development Corporation (MEDC) to solve the collective action problems the pilot workforce development efforts face. Michigan community colleges had to be convinced they could enroll at least fifteen students needed to make a capital-intensive mechatronics program cost-effective; employers had to be convinced the program would be worth the investment of some $20,000 annually to cover apprentices’ tuition and wages; and students and parents, with the memory of the state’s terrible job losses in the Great Recession still fresh, needed to be convinced that a manufacturing training program was a sound path to a well-paid career with advancement opportunities.71

          In 2013, MEDC launched the Michigan Advanced Technician Training Program (MAT2), along with Henry Ford Community College and Oakland Community College and eleven southeast Michigan manufacturers. The first cohort of thirty-one students focused only on mechatronics, but by the beginning of 2015 MAT2 had expanded to include twenty-nine employers, ninety-eight students, and four community colleges, and also offered programs in CNC machining.72 The program is tuition-free for students, who also earn wages, an associate degree, and a national Department of Labor credential, as well as an internationally recognized German industry credential. Over a three-year period, employers must invest a total of $68,040: $20,000 to support the student’s community college tuition; a school stipend of $14,400 ($200/week); and wages that grow from ten to thirteen dollars an hour—totaling $34,080 over the three years.73

          Each community college program costs about $300,000 to launch. MAT2 has an annual budget of $1 million supported by the state of Michigan.74 MEDC, a quasi-public agency, has been the coordinating body during the program’s ramp up, with support from an advisory committee that includes representatives from industry, community colleges, the state’s Department of Labor, and the area German-American Chamber of Commerce. Manufacturing firms work with the participating community colleges to design the curriculum and core competencies. Graduating high school seniors can choose an alternative route to a four-year university, acquiring theory, practice, and work experience over the three-year apprentice program. Most important, graduates have a skilled technician job with good pay and benefits waiting for them.

        
        
          North Carolina Youth Apprenticeship

          North Carolina offers an apprenticeship program that begins in high school, run through its community college system in collaboration with area companies.75 Many of the state’s many European-based firms have encouraged the program. The apprenticeships are registered with the US Department of Labor and offered in building trades, utilities, healthcare, information technology, logistics, and manufacturing.

          The four-year program in North Carolina’s Research Triangle area is illustrative of other programs in the state.76 In their junior year, interested high school students and their parents tour facilities of participating area companies, and then students participate in fifteen hours of orientation and undertake an initial project. In the summer before their senior year, students take on a six-week paid preapprenticeship at an area company to test out the program and reach a decision about participating.

          Students who choose to continue become full-time paid employees in their senior year, working for four days each week at a company and spending one day at the local high school. The following year, that one day shifts to the area community college.

          The program focuses on manufacturing, with students undertaking 6,400 hours of learning manufacturing skills and 1,600 hours of college-level education. At the end of the four years, apprentices obtain an associate degree in mechanical or mechatronics engineering technology from one of the two participating area community colleges. In addition to the degree, graduates obtain a journeyman certificate from the US Department of Labor and the state’s community college system.

          The Research Triangle program is not large; in 2019, there were fifty-four apprentices in the pending five years of apprentice classes working at area manufacturing companies. Participants are paid a wage that increases as they complete each program stage, beginning at up to twelve dollars per hour in the first year of the apprenticeship and rising to eighteen dollars per hour in the fourth year. Tuition at the community college is free, and students are earning while learning. The program provides a guaranteed job such as a machinist or electrician and assures a two-year college degree. Transferability to a four-year state college is also guaranteed for interested apprentices.

          It’s notable that most of the Research Triangle partner businesses were founded by former program apprentices who understand the value of the program.

        
        
          Wisconsin Youth Apprenticeship

          Wisconsin has built a large youth apprenticeship program combining state leadership and regional partnerships with industry and education institutions.77 At the state level, the Bureau of Apprenticeship Standards in the state’s Department of Workforce Development provides oversight, and a network of thirty-three regional consortia throughout the state operates the program. The consortia are led by a variety of stakeholders: regional education organizations or technical colleges or area chambers of commerce or nonprofit entities or local workforce development boards. Each consortium has a steering committee of local employers, high school districts, state technical colleges, and workforce organizations. The state sets the standards regional consortia must meet for enrollment, completion rates, diploma rates, and apprentice certificate content.

          It is a business-driven model, with employers identifying skill standards, interviewing and selecting students, providing students with paying jobs, and assigning them skilled mentors. School-based youth apprentice (YA) coordinators at high schools work closely with area employers to ensure the program is working for them. These YA coordinators also manage outreach to parents and students, advise students on careers, and set up interviews with employers. Apprenticeships are in a variety of fields, including health services, manufacturing, finance, transportation and logistics, and hospitality.

          Students may work before, during, or after school hours, as well as during summers and holiday breaks. Students in the YA program therefore obtain on-the-job skills as paid employees, and the job becomes an extension of the classroom. Skilled mentors supervise and train students in the skills identified for the career cluster. On-the-job learning is reinforced by related classroom instruction that may be provided at the high school, the local technical college, online, or at the employer’s worksite, depending on the program model adopted by the regional consortium. The coursework must comply with state guidelines. Students must pass their classes and demonstrate proficiency in state-defined competencies through ratings from their worksite supervisors on a standardized skills checklist.

          Students can change their career clusters or employers during the program. Through their coursework, they may also receive advanced standing toward an associate degree at any of the state’s technical colleges or credits toward a technical college’s program of study in a related field.

          Some 2,500 employers and 3,500 students from 342 high schools participated in the YA program in the 2016–2017 school year. The previous school year, the program completion rate was 84 percent and the students’ average wage in the program was $9.93 an hour.

          The US Department of Labor identified several keys to the success of Wisconsin’s YA program:78

          
            	•	The state has a strong set of online tools and resources available through a comprehensive state website, including a detailed YA guide for companies and for curriculum standards.79

            	•	Through the Department of Workforce Development, the Department of Public Instruction, and the Wisconsin technical college system, the YA program has a strong framework of support and program standards for businesses, school systems, students, and parents.

            	•	At the regional and local levels, each regional consortium has a lead organization that manages the program, as well as dedicated high school YA coordinators who oversee the day-to-day operations.

            	•	Wisconsin’s YA program works to engage all partners and strengthen these relationships at the regional level. YA programs meet the needs of businesses and effectively engage community organizations and resources, with attention to regional differences.

            	•	Wisconsin provides state funding, at $900 per student in 2018, to the regional consortia through a competitive grant process. This funding supports the YA coordinator and costs associated with classroom instruction, student materials and supplies, and recruiting businesses and students, along with school-based coordination and supervision. The partners absorb other program costs, including wages paid by employers.

          

          The Kentucky, North Carolina, and Wisconsin programs have all incorporated core elements of the German apprenticeship model.

        
      
      
        Case Study: Charleston, South Carolina, Youth Apprenticeship Model

        More than twenty-eight thousand workers are employed at German-owned manufacturing facilities in South Carolina. According to one survey, South Carolina ranks first among states in terms of jobs available through foreign investment.80 German companies in the state—BMW, Mercedes-Benz, Bosch, and others—understand the value of apprenticeship programs and have promoted the model.

        Apprenticeship Carolina—named a national model by the US Department of Labor—assists companies in using apprentices by providing free apprenticeship consultants who link them to state resources, assist them in developing standards and training programs, connect them to programs in area technical colleges, and manage the paperwork to register apprenticeships with the US Department of Labor. These consultants also advise on the state’s employer tax credit. The program was formed in 2007; there were 33,528 apprentices in 2019, forty times the number in 2007, in 1,031 company-registered programs that operate in all forty-six South Carolina counties and with all sixteen of the state’s two-year technical colleges participating.81 The state provides employers with a $1,000 tax credit for each apprentice.

        The program has become a crucial intermediary between its sponsor, the state’s technical college system, and employers. It complements readySC, formed in 1961 as part of the state’s technical college system, which works with technical colleges to design workforce training systems for state employers. Both Apprenticeship Carolina and readySC are housed in the Division of Economic Development, which underscores their economic role for the state.

        South Carolina’s technical college system itself was established by Ernest Hollings, the state’s innovative governor, in the early 1960s. One of the original “New South” governors, Hollings sought to bridge the historic poverty and racial divides in his state by multiplying economic opportunity for all sides. He made a determined effort to bring international manufacturing companies to his state and to create the education infrastructure he foresaw they would need. In his subsequent thirty-six years as one of South Carolina’s US senators, he helped create the federal Manufacturing Extension Partnership and other manufacturing programs.

        Many states compete by trying to lure firms to relocate, offering tax benefits and other financial incentives. South Carolina instead works to attract companies by offering them a well-trained workforce. This now includes the most successful apprenticeship program in the nation. Because the workforce is a critical contributor to productivity, it has become an increasingly effective strategy.

        Apprenticeships in South Carolina start after high school. They typically consist of the two “work-and-learn” components we’ve discussed before: on-the-job training at the workplace and job-related technical instruction at the local state technical college.82 As apprentices’ skills progress, their pay increases under a set formula. This is a way for employers, who set the wage levels, to offset costs when investing in employees who are not immediately fully productive and to retain employees when investing in their training. Both sides, then, have incentives to improve skills—the apprentice, who can gain higher pay and status, and the company as the apprentice becomes more productive. For example, the BMW Scholars program offers full-time students at three local technical colleges the opportunity to work up to twenty hours per week at BMW’s Spartanburg auto plant while they complete their two-year associate degrees.

        Within this state framework, which has focused on technical college students earning associate degrees and incumbent workers taking additional courses, Trident Technical College and Charleston-area employers have come up with a particularly interesting youth apprenticeship program that begins in area high schools.

        The Charleston area, part of the state’s “low country” plantation and agricultural region, is a relative newcomer to high-end manufacturing. The upstate areas were home to much of the nation’s textile production before it moved to Asia, and later the upstate region acquired international manufacturing firms like BMW and its suppliers. Charleston did acquire a major US Navy shipyard in 1901, but that large employer closed in 1996, after the Cold War ended. The local economy reverted largely to tourism. Later, an increasing number of manufacturers were attracted to a major industrial park in North Charleston, which now concentrates Boeing, Mercedes-Benz, Volvo, and a large network of suppliers. But Charleston didn’t have a base of industrial workers like the upstate region. It had to start largely from scratch.

        In 2013, IFA Rotarian, a German auto supply manufacturing firm making drive shafts and joints at a plant just northeast of Charleston, approached Trident Tech, the local technical college. The company, used to working with youth apprentices in secondary schools in Germany, was having trouble finding skilled workers in the area.83 IFA Rotarian wanted to hire sixteen-year-olds to start a similar program and teamed up with five other area manufacturing firms with similar problems. These companies were having trouble competing for workers with brand-name area companies like Boeing and Mercedes and thought that the loyalty a strong youth apprenticeship program could create would help them compete for talent.

        Trident Tech’s president tasked two experienced administrators, Mitchell Harp and Melissa Stowasser, to work on developing the new youth apprenticeship program.84 The companies and Trident were joined at the table by the Charleston Metro Chamber of Commerce, which had undertaken a project it called Accelerate Greater Charleston in 2012–2013 to improve the area’s talent base and help employers.85

        The chamber took up the challenge. High school students enrolled in college for six credit hours receive state lottery–funded tuition assistance that covers about half the cost; the chamber has paid the difference, as well as paid for books, paid wages for mentors, and paid for supplies. Employers pay their apprentices’ wages.

        The initial parents’ night at Trident to explain the new apprenticeship was a critical moment. Many parents were skeptical about manufacturing; they wanted their children to go to college, not into a technical college apprentice program. But when a representative stood up and said his company would pay the four-year college tuition for students who do well in the program at his facility, the tide turned. Now these nights are packed with parents who generally understand the program’s value.

        
          Signing Day

          Each fall, Trident Tech sponsors a Signing Day event for new youth apprentices. Tia Marie Vice, who has written about the program, described this event: “Modeled after signing days for sporting evenings, students publicly sign on with companies they will be working with as apprentices. Family members, media, and local leaders are all present. Students feel honored to be chosen, and the crowd cheers them on. All of these are deliberate attempts to show manufacturing, advanced manufacturing, and careers in STEM as desirable career paths.”a

        
        aTia Maria Vice, “Can Apprenticeships Alleviate a Regional Skills Gap?: A Case Study of Programs at Trident Technical College in Charleston, SC,” thesis, Department of Urban Studies and Planning, MIT, February 2019, 62. See also Charleston Regional Youth Apprenticeship Signing Day 2018, October 30, 2018, https://www.youtube.com/watch?v=tIjRiPt0ZBA (YouTube video).

        In the first year, there were six companies and thirteen students. Harp and Stowasser state that by fall 2018, there were 130 companies with Department of Labor–registered apprenticeships and ninety-four students (not all companies take apprentices every year). As of fall 2018, in total, there have been 232 apprentices hired from out of the program. Of these, 42 percent are from minorities, 66 percent are male, and 34 percent are female. Although Trident students overall are two-thirds women, historically fewer females have enrolled in technical apprenticeships. Along with more women students, Trident especially has been trying to reach African American and Hispanic males, who face significant youth unemployment problems.

        One of the most notable aspects of the program is the participation by small companies. Policymakers have long viewed apprenticeship programs as not necessarily workable for smaller firms that lack the deeper pockets of larger employers. It was smaller employers in need of talent, though, that initiated the Charleston Youth Apprenticeship program, and it created an attractive cost equation for companies. Today, the significant majority of companies in the Trident program are smaller companies with small employment bases. These are often the best apprenticeships for students: small and midsize companies can offer the most varied and in-depth work experiences, and their size allows them to focus on individuals in ways larger companies cannot.

        Now, Trident gets calls every week from companies wanting to participate, but demand is outrunning the scholarship fundraising. A number of states now fund dual-enrollment programs in which high school students can attend two-year college courses without paying tuition, but South Carolina is not yet one of them. Harp and Stowasser believe that if that changed, the program would now have three hundred employers involved, which reflects the rising level of company interest. They believe something in the education funding system may have to change to solve this Trident tuition support mechanism issue. Stowasser states, “If you want to reach the poor, the under-resourced, you have to fund dual enrollment.”

        Apprenticeship Carolina, the state intermediary organization, is especially useful in helping employers with the US Department of Labor. It handles the Department of Labor registration paper processes at no charge to employers. Intermediaries of this sort—both state and local—are important for apprenticeships to work. Some type of registration for both employer and apprentice roles establishes a formal agreement that allocates responsibilities, so students, parents, and employers clearly understand their roles. The Department of Labor registration provides this and also is important because it enables apprentices to obtain the national Department of Labor journeyman credential.

        As for where the apprentices come from, companies today can hire rising high school juniors in area high schools, generally reaching out to them first as tenth graders or rising seniors. South Carolina now requires students to prepare individual graduation and career plans when in middle school, so companies also now visit those schools to explain job and career possibilities. Companies make hiring/apprentice decisions, not Trident.

        While the Charleston program began with area manufacturing firms, it now has sixteen career pathways available, including industrial mechanics (engineering CAD, machine tool, and CNC technicians), culinary arts, nursing assistant, emergency medical technician, hotel operations, and various computing skills.86 Apprentices can start at ages sixteen to eighteen. They typically attend high school in the morning, where their employers often insist they take math and science classes; spend early afternoons in more technical work-related classes at Trident; and work part time in afternoons and summers at their employers. They receive Trident credit through the program, accumulating approximately one year (thirty credits) toward a two-year associate degree. Most apprentices continue on their jobs at their companies after high school graduation, but most also continue until they’ve earned their associate degrees. Some have continued on to earn four-year degrees, including four-year engineering degrees. The completion rate for all students who have been in the program reflects national levels—about 80 percent for whites but less than 60 percent for minorities.

        It is an attractive package for many high school students, who get out of what might be a boring or frustrating high school experience and into college-level work and a job that pays around ten dollars per hour—a nice sum for kids from poorer backgrounds in particular. They interact in much more mature social settings at the community college and at their workplaces. They get work experience, validation of their career interests, an opportunity to develop professional relationships, college completion credit, and career readiness.87

        To get a company perspective on the Charleston Youth Apprenticeship program, we spoke with Vincent Lombardy, training and employee development manager for VTL Precision.88 VTL, a US division of a UK-based transmission company, was one of the original six small companies participating in the Trident Technical College program for youth apprentices. VTL really needed skilled employees for its sophisticated, high-precision drivetrain and engine parts. The company has new mechatronics, CNC, and robotics that require upskilled employees and is using a number of employee training programs, both internally and in training schools operated by its robotics supplier.

        VTL is now using the youth apprenticeship route as a key source for employees; apprentices now make up 8 percent of its workforce. When we spoke with Lombardy, VTL had three Trident-enrolled apprentices—one in the combined high school-Trident program and two earning their Trident associate degrees—and six Trident apprentices in total had been through VTL since the 2014 start of the program.

        VTL and other employers decide who to hire and at what level. For example, they have a graduated senior who now works a forty-hour week and also attends Trident classes; he must get good grades or VTL will cut the work hours. Trident and VTL together plan for each apprentice’s needs and program with the apprentice. “This program,” Lombardy told us, “is strengthening VTL’s workforce pipeline. There is historically low unemployment in the area and it’s hard getting good employees, so this pipeline helps solve the problem. We’ve had much success with the program.”

        Lombardy told us about one apprentice who “alone justifies the investment”: the daughter of an African American preacher who went on to Clemson’s undergraduate engineering program after the Trident apprentice program and who still works at VTL over holidays and summers. “She’s helping redesign the CAD software system to link with our robots and is a now a critical employee.” He also told us about VTL’s first apprentice, who also has gone on to get an engineering degree and has become a key employee. His work at VTL is helping him pay for school. “He came in an average student, but a hard worker, not well founded in math, and not straight As. But now he can troubleshoot a line and home in on key tasks; he really learned problem solving here. He has been here four and a half years—a great value for him and for VTL. He earned his apprenticeship journeyman certificate in 2016, is now full time at VTL, and is also doing well in the Citadel’s engineering degree program.”

        These apprentices each provide twenty to forty hours of productive work each week. They earn starting pay of ten dollars per hour and are doing actual work; full-time workers from outside would cost more (including for benefits). VTL has offered a full-time job to every apprentice it’s had come through the program. “We get active, producing employees at the end of the program.” It has been a big part of competing for employees with the larger companies in the area.

        VTL tweaks the apprenticeship program every year. It rotates apprentices through all of the plant functions—production, safety, maintenance, and finance—so they learn many roles and how the entire facility works. Each apprentice has a mentor. And there is a specific task for starting apprentices on fluid inputs for machine-cutting processes, which is a critical step in production. Clearly, VTL has had a positive experience with the program, using it to help solve its skilled workforce problems and obtain employees important to the company. The US Department of Labor evaluated the Charleston Youth Apprenticeship program and identified four major reasons for the program’s success:89

        
          		•	Business champions: Business has been the real driving force behind the Charleston program, initiated by one manufacturer and now involving 130 firms in the region offering sixteen career pathways.

          		•	Strong leadership and partners: Trident Tech, with some visionary administrators, is the managing partner, but other partners play critical parts, including the area chamber of commerce, Apprenticeship Carolina, area high schools, and the participating employers. Trident provides support to participating businesses, school systems, and local youth apprentice coordinators to ensure the program is working.

          		•	Engaged area high schools: Trident administrative and technical education staff work closely with high school guidance counselors, principals, and teachers to help ensure student participation and positive outcomes for both students and companies. Parents are also key because they support students and help with worksite transportation.

          		•	Tuition support: Financial support from the Charleston Metro Chamber of Commerce has been critical in offsetting tuition and other costs.

        

        

        Despite the growing importance of postsecondary education in obtaining good jobs, young people who get licenses and certificates for solid technical skills, primarily through community colleges, can still do well. The key issue is how to get more young people into this technical education track; youth unemployment and the social disruption it causes remain too high.

        There has been progress on policies and programs that better connect the long-separated silos of education and work. For high schools and community college students, apprenticeships may be an option. Apprenticeships create a direct line between the silos of education and work. They don’t assist with upskilling incumbent or displaced workers, but they could be an important option for young people entering the workforce.

        If apprenticeships could be made to work in the United States (and they may be affected by the coronavirus downturn), they appear to have promise as a way to erase the divide in the United States between education and work for young workers seeking to enter the workforce. Because the current route from high school into both postsecondary education and the job market is not serving as it should, a work-and-learn approach seems well worth experimentation.
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        The New Content-Delivery Models

      
      Despite all the problems and challenges discussed in previous chapters, we are seeing solutions emerge in areas such as apprenticeships, new education technologies, and improving information systems. These solutions need to reach three groups of workers: new entrants to the workforce, incumbent workers who have jobs but need to upgrade their skills, and displaced or underemployed workers who have lost jobs or are stuck in low-end positions and need to find new skills to reenter the workforce or advance to better jobs.

      In this chapter, we review nine models for new approaches to content delivery. Most concern educational institutions, some concern industry, and others concern broader system problems such as developing new education technologies. They apply to the different groups of workers in different ways.

      Community or technical colleges play a leading role in the first four models, but partners from industry and/or government are also vital.

      
        Model 1: The Trifecta: The Synergistic Reach of Asnuntuck Community College

        Frank Gulluni, in his eighties and semiretired, has seen it all.1 He began in workforce education in 1965 in Springfield, Massachusetts, an old industrial city in the Connecticut River valley, starting with what was then the relatively new Manpower program. The evening program “tore up too many families,” Frank says, because “trainees couldn’t both work during the day and leave their families at night.” So he developed instead the Massachusetts Career Development Institute, a day and evening program with a four-part approach: thorough vocational and academic assessment of students; changing attitudes and building a sense of self-worth and confidence; working on math, reading, and writing skills; and creating real opportunities for getting jobs by training in specific skills in machining, welding, health-related careers, and other areas. He found the students needed to “change their attitudes for the training to work, they needed foundations to build the training on.” In 1981, he testified about this Sequential Training and Employment Progression System (STEPS) system before Congress.2

        Gulluni later moved his general approach to Enfield, Connecticut, another old industrial town, establishing a vocational education program in manufacturing at Asnuntuck Community College. He started with a program for dislocated workers who were jobless and in need of retraining and developed a for-credit certificate program in machine technology. Pratt and Whitney and a large segment of the American aerospace industry supply system were located in central Connecticut, so there were employment opportunities. To build in-depth, lasting career skills, he found these students needed “one thousand hours over a two-semester timeframe, thirty to thirty-five hours a week—not just the typical twelve to fifteen hours a week, community college schedule.”

        When a Connecticut governor came to tour the program and saw students working on CNC machines, Gulluni could tell that the politician had not been convinced that manufacturing was part of a “real” college program or even integral to the state’s economic development strategy. So he had the governor sit down in a conference room with some twenty area manufacturers. The first employer told the governor he was cutting the sales and marketing efforts of his midsize aerospace supply firm because without skilled workers he couldn’t produce his products in the state. “You could hear a pin drop,” Gulluni recalls. “Nobody told that to a governor.”

        Representatives from company after company, though, chimed in with the same message about the lack of skilled workers. By meeting’s end, the governor was convinced there were hundreds of skilled jobs that couldn’t be filled just from the employers in that room. Within a month, he proposed a $500 million program for state manufacturing training, equipment, and facilities. Four community colleges in different parts of the state, including Asnuntuck, were selected to become manufacturing centers, essentially replicating the Asnuntuck model. With a $25 million grant, Asnuntuck built a fifty thousand sq. ft. Advanced Manufacturing Technology Center, fitted out with the most advanced computer-driven production technologies. It opened in 2017.

        Asnuntuck now offers three programs in advanced manufacturing technology skills for community college students, high school students, and incumbent workers. It’s rare to serve all these in a synergistic way. Frank Gulluni and colleagues are, in a way, attempting a trifecta by pursuing all three. These programs reach all the categories of workers identified earlier: new entrant, incumbent, and underemployed. Each program is reviewed in the following sections.

        
          The “Regular” Community College Program

          Asnuntuck offers a two-semester certificate program in manufacturing that can also lead to an associate degree in manufacturing. It accepts all those interested in the program; there are typically three hundred to four hundred students enrolled either full or part time and ranging in age from eighteen to sixty-five—including middle-aged career changers and many inner-city minority youth from the Hartford area. They are typically at the program six to seven hours a day for thirty-two weeks, participating for thirty to thirty-five hours a week. Asnuntuck is also in the third year of providing some three hundred prisoners approaching release with certificate and degree programs in a range of disciplines, including several dozen who spend approximately twenty-five hours a week on campus in the manufacturing program.

          Regular students spend a quarter of their time in classrooms, a quarter in the computer lab, and the remaining half is hands-on learning in a major technical area—machining, welding and fabrication, electromechanical. They learn using state-of-the-art machine tools and other high-tech equipment and can extend the program by taking a third semester with even more specialized courses and equipment. There is a major need for technicians in the area, and graduates are often starting jobs at $40,000 to $65,000 per year. The manufacturing program has a 95 percent job placement rate.

          Total tuition at this writing was $8,300 for Connecticut students and those who come from neighboring Massachusetts and Rhode Island; the Asnuntuck student population can afford the program because 85 percent are Pell Grant eligible and receive up to $6,000 toward their two-year degree program. The school stretches out payment periods for the balance. Eight- to nine-week internships in the second semester, which pay about one hundred dollars per day, bring in some of the additional tuition funding. Unemployed workers are covered by Workforce Investment and Opportunity Act (WIOA) funding from area workforce boards, which adds an additional $5,000 as needed on top of Pell grants. So the program is reaching both new entrants and the under- or unemployed.

        
        
          The College Connection Program for High School Students

          Connecticut helps cover Asnuntuck’s costs for a program free to high school students, and a number of high school districts pay for their students to participate. It reaches into as many as ten school systems in the greater Hartford-Enfield area. Machining, welding, and fabrication are the skill focus areas.

          High school students spend ninety minutes or more each weekday at Asnuntuck in a college-level program, completing six to eight community college credits annually, giving them a big boost toward completing associate degrees and certificates. To reduce transportation time and accommodate more students, other regional community colleges are also adopting the program. With additional sites, students can break into sections and rotate all day in different time periods for better efficiency in the use of facilities. Ultimately, Gulluni would like to see a thousand or more high school students a day in a web of high schools and community colleges modeled on what Asnuntuck is doing. There is a special need to reach inner-city students from Bridgeport and Hartford.

          Reaching parents and area high school staff is an important component of making the high school program successful. Asnuntuck’s leadership is well aware that the job losses of the 2000s have given parents a negative image of manufacturing and that high school guidance counselors and principals have an outdated image of manufacturing. To address this, the college has a special one- or two-week program in basic manufacturing technology skills specifically for high school administrators and guidance counselors. They come out understanding that high-tech modern manufacturing has become a meaningful career pathway. Asnuntuck President James Lombella also wants to launch a major “train the trainers” program—a certificate program, or at least a special two-week bootcamp, that would update all the tech trainers in Connecticut high schools on career and technical education in advanced manufacturing.3

        
        
          Incumbent Workers Program

          Asnuntuck has built a strong program for incumbent workers that includes the software and high-level skills area employers want. Annually, some 750 to 800 of these workers participate in an Asnuntuck course of study at the college or a company site. Pratt & Whitney, for example, hosts a one hundred plus–hour core skills program for more than 350 workers every two to three weeks, as many as twenty times each year. Companies in the area’s aerospace manufacturing association, as well as Sikorsky Aircraft sixty miles away, all use this program. More than two-thirds of all instruction (math, CNC, blueprinting reading, and metrology) happens at company sites, with time at Asnuntuck devoted to high-end machining or electromechanical course material on its advanced equipment.

          Instructors from Asnuntuck faculty and smaller companies can come together to form a training consortium, sharing the program and its costs between firms. The area aerospace association arranges the courses and contracting for its 125 member companies. The incumbent worker program is also a way for Asnuntuck to market its regular college students for potential employment, and it works: local manufacturers participating in the incumbent worker program routinely hire from the regular college program.

          Put simply, Asnuntuck’s three programs are mutually reinforcing, and with Asnuntuck’s tuition for its regular community college program covering only half of the college’s actual costs, the large incumbent worker program makes up much of the difference.

          Gulluni argues that a key to the success of the three manufacturing programs at Asnuntuck is an understanding of the responsibility to educate for actual workforce needs. Too often in community colleges, he feels, instructors are not current with the latest developments and the equipment is antiquated. But at Asnuntuck, the private sector gives support at every stage, providing equipment and advice and helping develop curricula on the latest skills. For twenty years, the manufacturing program has had a close working alliance with the region’s aerospace companies and its area association, which keep the college’s offerings up to date; they want the students they are hiring to be fully prepared for their jobs on day one.

          
            Asnuntuck’s Strong Link to Employers

            Eppendorf is a life science company based in Hamburg, Germany, that develops and sells instruments for liquid, sample, and cell handling in laboratories worldwide. It offers a good illustration of how Asnuntuck Community College’s incumbent worker program operates.

            As Eppendorf moved in highly automated production equipment to its midsized Enfield, Connecticut, branch, the company’s leadership recognized that its workforce wasn’t ready. They worked with Asnuntuck to develop a company-specific curriculum in circuit theory, robotics, math, math for electricity and electronics, programmable logic controllers, industrial motor controls, hydraulics, industrial maintenance, troubleshooting, conveyors, pneumatics, and process controls, drawn from Asnuntuck’s manufacturing course offerings. The company wanted its employees not only to learn how to operate the new technologies, but also to understand the foundations and theory behind those technologies so they could fully understand the new processes.

            In 2015, the curriculum was launched as a two-year, four-hundred-hour program for a group of twelve Eppendorf workers in Enfield, who one day each week would spend six hours in the program, overlapping the first and second shifts. Eppendorf’s managers credit the on-site training with enabling a much more efficient production system that has allowed the company to expand its markets significantly.

            Now the company routinely hires Asnuntuck-trained students from both the regular program and the manufacturing internship program, which an Eppendorf senior manager describes as “a great way to identify and drive talent” to the company.a

            As we write, Eppendorf is exploring training another group of six employees, as well as instituting a “train the trainer” program to teach a group of its workers to teach other workers to operate some new automation equipment at the plant.

          
          aMeeting with Dr. Axel Cramer, vice president of manufacturing, Eppendorf, Enfield, Connecticut, May 30, 2019.

        
        
          Quality Instructors

          Another key to the success of the Asnuntuck programs is the instructors. “We want career people from manufacturing,” Gulluni says, “who love manufacturing. Asnuntuck then can get them to a level where they can impart skills very well.” Asnuntuck has long been training its own manufacturing instructors, coordinating with Central Connecticut State University for help in teacher credentialing and training, and a number continue on there to get their teaching degrees. Two-thirds of the instructors are graduates of the Asnuntuck manufacturing program itself; they go to work for companies, where they can practice the most current skills, and then return to teach.

          The school tries to bring back its very best students to teach, and also has retirees with specialty skills in the most advanced areas but who do not want to work forty hours a week. “At Asnuntuck,” Gulluni explains, “they can work ten to fifteen hours and really contribute and play a key role in the latest areas the companies are developing.”

          Instructor Jose Marcelino’s story is typical.4 A printer when online entry was killing that business, he needed something else and came to Asnuntuck for retraining in the advanced machine technology program—using his savings and displaced worker benefits. That training enabled him to move quickly to earn $100,000 per year at an area manufacturer. But he wanted to help students, and so he came back to teach when he was invited to join the manufacturing faculty.

          Community colleges can operate day and night for fifty-two weeks a year, with a program flexibility that is often outside the range of other kinds of schools. Asnuntuck uses that flexibility to go beyond the community college itself to run high school and incumbent worker programs that reach a wide range of people and ages with advanced skills and lead directly to high-paying jobs. It has already moved many thousands through these programs. This is a model that others could emulate.

        
      
      
        Model 2: Reaching New Entrant Workers through Youth Apprenticeships

        Trident Tech, the technical college in South Carolina that developed a new youth apprenticeship program detailed in chapter 10, provides a model for how to reach new entrant workers. It tears down the wall between learning and work, deeply integrating the two by linking high schools, the community college, and area companies. Along with other programs in chapter 10—including Tennessee’s Career Pathways, Kentucky’s FAME, Michigan’s MAT2, and North Carolina’s and Wisconsin’s youth apprenticeships—Trident Tech’s program offers a number of lessons about organizing apprenticeships.

        Effective youth apprenticeships connect community or technical colleges with employer groups, high schools, and state or local government, with one or more serving as critical intermediaries between high schools and employers. They can begin in a student’s junior year with courses in high school that emphasize science and math, technical courses at the community college, and part-time work at an area company during the school year and even full time during summers and holidays. Wages generally start at around ten dollars an hour and increase as apprentices build experience.

        Apprenticeships of this sort shift students from the high school environment alone and add maturing aspects by putting them in new social and age contexts, studying with adults at the community college and working with adults at their companies. The programs can lead them directly into solid jobs and careers that can fund further higher education. They graduate high school with a diploma, credits that take them to near completion of a year of community or technical college, and a Department of Labor or other skill certification. If programs like this could scale, they could make a real difference in closing America’s notorious work/learn gap and shrinking the country’s high youth unemployment rate.

        There are several key enablers of program success. The impetus often comes from area employers, small as well as large, driven by the high demand for skilled workers. Small employers in particular feel a skills pinch because they cannot always compete with “big brand” firms and lack the resources and ability to field their own programs for training. These apprenticeship programs generally enable employers to interview and select apprentices that would best fit their needs. Industry groups can help organize employer interest. Community colleges provide the glue, making and maintaining the day-to-day connections between business and high school actors, as well as forming the technical education programs. Industry groups can also help fund the community college’s tuition costs,5 as well as work with state or local governments to help with the paperwork that comes with being registered with the Labor Department (and the benefits that come with that).

        Experience suggests that while youth apprenticeships may work for major companies, they are too expensive for small companies. The mix of shared costs and organizing among the employers, industry associations, high schools, and community or technical colleges shows that a working partnership can help resolve this issue. While challenges remain—particularly solving transportation for students among high schools, community colleges, and employers—the overall emerging models could be workable in many communities.

      
      
        Model 3: Fixing the Two-Year College Completion Rate in Tennessee

        Tennessee is another state that didn’t abandon its vocational schools, but instead repurposed them into affordable one- to two-year technical schools offering certificates and associates degrees. As detailed in chapter 9, there is a network of twenty-seven Tennessee Colleges for Applied Technology (TCATs), spread across the entire state, offering seventy career programs leading to certificates and associate degrees and also offering specialized training for larger area employers.6 The Tennessee Lottery helps fund skills grants that can help pay for tuition. Other state programs for new entrant and older workers provide scholarships to supplement other state and federal aid, making it possible for students to attend TCATs tuition-free.7

        The twenty-seven TCATs combined have had remarkable success, far surpassing—at 81 percent—the state’s community colleges in terms of completion rates for certificates or degrees.8 Some 86 percent of TCAT graduates find jobs in their field of study. In surveys, nearly 100 percent of TCAT alumni and their employers rate the programs as “satisfactory” or higher. One particularly impressive feature of the TCATs is the system used to address the problem community colleges face nationwide: the high number of unprepared students needing remedial courses. Most schools first put inadequately prepared students into separate remedial programs in which they often they get bogged down, never moving on to college-level courses, which is a leading cause of the low community college completion rate. TCAT’s approach is to have all students take courses that prepare them for college-level work so that no one gets singled out as needing remedial help. At the same time, students start their technology CTE courses. All students therefore get right into their chosen career courses so they can see their career opportunities from the outset. Coupled with the known high job placement rate, this makes the career opportunity very real real—not some dim light at the end of a long remedial tunnel.

        The TCATs call this the Technology Foundations approach. For the remedial work, all entering students participate in ACT’s WorkKeys/WorkTrain program (discussed in chapter 9), focusing on applied math, reading, locating information, writing, problem solving, and teamwork. Students have individualized learning plans and based on these have a mix of classes, online exercises, and access to mentoring at a learning lab. Each student pursues the foundations program at his or her own pace. This is a highly blended education model combining online and personal instruction; it’s competency-based learning, with students mastering a series of stages and skills.

        The great majority of students complete their foundations programs shortly after their first trimester, and only a handful have not done so by the third trimester.9 When they complete it they take ACT’s online Career Readiness Certificate Assessment; the goal of the TCATs is to have all students with certificates at a silver and gold level.

        The Technology Foundations approach, along with tuition assistance from the state, results in high certificate and degree completion rates across the twenty-seven TCAT colleges. With completion rates one of the most serious barriers to occupational education, it’s an approach worthy of emulation.

      
      
        Model 4: Reaching Displaced and Underemployed Workers with a Short Program

        Valencia College, previewed in chapter 1, set out to reach some of the approximately three hundred thousand people in poor families in the Orlando, Florida, area, often Black or Hispanic immigrants. They were generally working but typically at lower-end, minimum-wage service jobs, in less than full-time jobs without benefits, and often holding down two or even three of these jobs to meet family needs. The two-year timetable for an associate degree or one year for a certificate simply did not work for this group. Night classes didn’t fit with family demands. These people had been left outside the education pipeline and without a path to the middle class.

        The short program—Valencia’s response to the aforementioned issues—is an intensive ten- to twenty-two-week course, five days per week for eight hours, that offers industry-standard certificates in advanced manufacturing, construction, heavy equipment, logistics, and healthcare fields. Certificates in specific skills can be stacked for multiple certified complementary skills. The program also provides credits toward a Valencia associate degree; these credits are also transferable to the four-year degree program at the University of Central Florida. As this program scales up, it could start to make a real dent in area poverty and create new lives for many.

        Key to the program is putting students rapidly into a hands-on learning environment, then into the workplace, with skills that promptly command a good wage. Valencia has built ties with area employers to ensure jobs for its trainees on the first rung of a solid employment ladder, with wages at twenty dollars per hour or more with benefits. After a service job at Florida’s $8.46 minimum wage doing seasonal work, this can bring families to a new level.

        This accelerated workforce program doesn’t fit US Labor or Education Department financial assistance program requirements, but Valencia offers tuition subsidies. Area employers provide the training equipment for the manufacturing program, which is housed in a small repossessed factory.

        How can promising short programs evolve? We need to open up a number of experiments to discover what kinds work best. Poor quality could undermine the whole effort.

        There are numerous experiments. Project Quest, for example, has been successful in reaching poor and undereducated workers in San Antonio with training and job placement targeted to expanding area job sectors. One factor has been its funding support and services to students to help them meet family obligations while they train at the nearby community college.10

        Legislation was introduced in Congress in 2019 to make short programs like these eligible for federal Pell Grant funding,11 which in effect would divert funding from associate and bachelor’s programs open to both nonprofits and for-profit education providers. However, the legislation needs accountability over these providers to assure students actually obtain employment in the fields they trained in.12 To a significant extent, education quality is assured when educators, students, and businesses work as equal partners, each with a clear stake in the outcome.13 Without the participation of companies that need trained workers and therefore have a stake in the quality of the program, students may be subject to poor but expensive programs. Experiments with short programs should definitely be undertaken to settle on the best approaches, and solid employer participation should be required.

        We also need to ensure that programs lead not just to single jobs but toward careers. Valencia, for example, is careful to tie its short program to community college credit, make the credentials stackable, and make them possible routes to associate degrees. It has built into its short program an access path to longer-term and more in-depth skill training and a potential degree. Asnuntuck Community College, as another example, focuses on one- to two-year manufacturing technology programs that build lifetime skills, including an understanding of the underlying theory behind the skills for when equipment changes, as well as enduring foundational skills in reading, writing, and math. These kinds of approaches can ensure strong short programs.

      
      
        Model 5: Reaching New Entrant Workers in Massachusetts Technical High Schools

        Beyond community and technical colleges, technical or comprehensive high schools could also play a role. At Diman Regional Vocational Technical High School in Fall River, Massachusetts, students complete five semesters of technical and academic high school courses in one of eighteen fields and then are considered ready to start skilled jobs in their selected career areas as part of a co-op work program that begins in the second semester of their junior year. Some 80 percent are placed into co-op jobs; juniors and seniors alternate between working full time for their employers for two weeks, doing homework online at night, and spending two weeks in school completing their academic and specialized technical courses. There’s a 90 percent retention rate for co-op jobs.

        In effect, Diman is running an apprenticeship program comparable to Charleston’s Trident Tech. At Diman’s ninth annual job fair in April 2019, seventy-nine companies and organizations packed the school gymnasium. Hundreds of students jostled about. In the bustle, employers were clearly vying to employ co-op students, who they pay, on average, $412 weekly.14

        Some 70 percent of Diman’s graduates go on to community college and/or four-year college. Nearby Bristol Community College certifies Diman technical courses for college credit; dual enrollment means Diman students graduate with a high school diploma, a year of community college credits, and skill certifications in a career area. Students often continue after graduation with their co-op employers at $50,000 or more a year, complete community college at night, and move on to Bridgewater State University or UMass Dartmouth, where they have guaranteed transferability to pursue four-year degrees—working at high-paying jobs all the way through and avoiding piling up student debt for an uncertain career path.

        Diman has a large business advisory council of area employers and subcouncils that advise the eighteen program tracks and drive the curriculum. Let’s look at three of these tracks:

        
          	•	Business technology students emerge with a full suite of business IT skills, including Microsoft and Intuit QuickBooks certificates that have widespread industry recognition. They do a practical project, such as designing an actual website and logos, mostly for area nonprofits. Most students go on to college business education programs; many have good full- or part-time jobs while attending college to offset costs. In some cases, these employers pay students’ college tuition.

          	•	Advanced manufacturing technology students train first on traditional, person-controlled machine tools and move gradually to the most modern CNC machines, laser-cutting equipment, and 3-D printers (thanks to a state capital equipment program), arrayed on a 9,000 sq. ft. industrial floor with special closed-off spaces for computing and programming equipment and some of the newest “clean” equipment. Students in this co-op track earn up to sixteen dollars per hour; they’ve achieved strong competency on the advanced equipment by the time they enter their co-ops. Most go directly into highly paid production jobs at more than twenty dollars per hour after graduation, although a number enter engineering and technical college programs.

          	•	The drafting program trains students in the latest computer design equipment and software, as well as on a suite of mid- to high-range 3-D printers. Each year, drafting students design and assist in building a home for a needy area family; a significant number of these students go on to architecture programs.

        

        Diman students run a high-end restaurant, as well as the daily school lunch program. Landscape architecture students run the school’s campus and have teamed up with other programs to build a new stone outdoor terrace for the restaurant. The auto mechanics program is continually repairing a fleet of cars. Students trained as FAA-rated commercial drone pilots are operating drones. There are also major good deed projects: various building programs recently rebuilt the Fall River Water Department’s ancient hot-water heating plant with modern boilers, new piping, and an energy-efficiency system; others raised a new roof on Fall River’s Rowing Center; and the Diman health and dental assistant program provided dental advice and treatment for 140 Head Start students.15

        Among the dedicated faculty, 70 percent are Diman graduates. Demand for admission is high, and the process is rigorous: for the 2016–2017 school year, the acceptance rate was 47 percent. Some 98 percent of students graduate.

        Diman demonstrates that there’s a place for vocational or career and technical education in the American education system—and that it doesn’t have to reinforce the former view that such education is a dead end for poor and minority students (as discussed in chapter 3).16 While many states gave up on this kind of education,17 Massachusetts did not: the state rebuilt it and has thirty-eight schools across the state that vary in size and programs. “What we wanted to do was create a student who was able to go out and get a job but also able to get accepted into a four-year college or university,” explains David Ferreira, executive director in 2014 of the Massachusetts Association of Vocational Administrators. “The idea was to make sure all students were both career and college ready.”18

        This approach has largely succeeded; the academic quality of Massachusetts vocational high schools is now on par with its traditional academic high schools. In 2016, the graduation rate was 9 points higher than other high schools, the dropout rate was one-third of other schools, and two-thirds of vocational education (voc ed)/CTE graduates were going on to postsecondary education. Some 4,400 students were on voc ed school admission waitlists.19 Studies have shown higher incomes accrue to graduates of CTE programs, and a 2015 study of Massachusetts regional vocational schools showed that low-income students were 32 percent more likely to graduate than students in traditional high schools.20 Graduates of the Massachusetts technical schools are far more career-ready than other students.

        There are other lessons from Diman: emphasis on academic performance must be kept high and made to complement technical skills; instructors and equipment must be kept current with developments at the cutting edge of industries; business advisors must be involved in developing the curriculum; and the curriculum should be coordinated with community colleges for joint credit to ease entry to postsecondary education. Diman provides a good example of how these kinds of schools can erase the historic barriers between learning and work and enable both good careers and higher education entry.

        How useful, though, is the vocational/CTE school model if many states have dropped it? It seems unlikely, but not impossible, that at a time when most states have been cutting back their education commitments, these states would actually start funding and creating new secondary CTE schools, which require not only classrooms but extensive technology and equipment. But as many areas, particularly urban areas, continue to create a plethora of new schools through charter school programs, perhaps they can explore new technical schools as well—particularly given the pressing need for skilled workers. States throughout the country are showing renewed interest in technical schools.21 Organizing a political base among parents and employers to advocate for this might be necessary.

        Massachusetts offers a possible middle way. The state has been creating “comprehensive high schools,” an old model being renewed,22 to address the long waiting lists for existing vocational high schools and the fact that fifty-two municipalities don’t have access to those schools. These new schools focus on both traditional academic subjects, such as English, science, math, languages, and social studies, and on technical skills. They expand their electives to reach a wider range of students seeking vocational education, offering business technology and finance, machining, information technology skills, early childhood education, and so on. These schools can also offer vocational programs operating as a school within a school.

        Chicopee Comprehensive High School, for example, offers vocational programs in twelve areas, including business and IT, culinary arts, design and visual communications, electrical, machining and metal fabrication, joining, and others. The machine tool program has a fleet of advanced machining equipment housed in a large, new floorspace; it offers a range of hands-on courses that move students from simple milling and grinding machines to computer-aided manufacturing, computer drafting, and advanced CNC machining. Seniors do co-ops at area manufacturers and earn community college–level credits. After the regular school day ends, underemployed and displaced workers use the facility, working with skilled instructors in a cooperative effort with the area workforce development board, which offers machining courses to these workers.

        While it can’t offer quite as rich a program as Diman, Chicopee Comprehensive represents an alternative approach.

      
      
        Model 6: Employer Programs for New Entrant and Incumbent Workers

        Some companies and industry associations have been taking the lead in developing new training or skill certification programs. Model 6 highlights some examples.

        
          The IBM Apprenticeship

          Ginni Rometty, the first woman to serve as IBM’s CEO, passionately pushed her major corporation toward workforce education for new entrants during her 2012 to 2020 tenure. Some of this may stem from her own background. She attended Northwestern University on a scholarship funded by General Motors; her single working mother couldn’t afford college tuition. She interned at companies in her junior and senior years.

          IBM’s interest in apprenticeships came in significant part from its 2011 participation in Pathways in Technology (P-TECH), a program from ninth grade through community college that connects high school directly with college and aims at putting technology at the forefront of the student experience.23 It began in Brooklyn, New York, in a P-TECH school of one hundred students within a larger city high school, and now includes some two hundred schools in eleven states.24 The underlying idea was to fill a gap in the education ladder between high school and college, with a school within a school approach that is more financially manageable and flexible than creating separate, new institutions.

          P-TECH students focus on STEM and information technology courses while in high school, take classes at New York City College of Technology (City Tech) and other campuses, and then can earn an associate degree there at no cost. They have the option to go on to complete four-year undergraduate degrees or move into work. Students also undertake internships at IBM and at other P-TECH partner companies, which also provide mentors. The only entry requirement is an interest in IT and a willingness to attend additional classes to complete both regular high school and IT requirements.

          Soft skills—leadership and teamwork—are taught from the outset through group learning; the program’s hard skills courses are directly relevant to real problems students are tackling. Students start going to college classes early on in their high school career, easing the transition.

          With the number of four-year graduates holding computer science degrees far below the market demand, IBM has begun hiring at the associate degree level, which is why the company is hiring P-TECH graduates. The program is providing comparable talent.

          Drawing from its experience with the P-TECH program, IBM has been developing an apprenticeship program. It has developed fifteen different apprenticeship tracks for careers in growing fields, including software engineering, data science and analytics, cybersecurity, mainframe system administration, creative design, and IT program management. It began at IBM’s mainframe (servers) business unit, which had an aging workforce and needed new talent; since then, IBM apprenticeships have grown at twice the expected rate.

          The website for those interested in an IBM apprenticeship boldly states: “No degree? No problem!”25 The company is seeking to create “new collar workers” with solid technical skills. IBM went through the process of using the Department of Labor’s registered apprenticeship system; it used some Department of Labor funding to create the required learning plan and objectives, and the education is competency-based. It’s allied with collaborating community colleges for associate degrees and certifications, but all the training is internal to IBM. Several hundred apprentices work with IBM employees on the job in three locations around the country (with more planned); they are paid less than full-time employees but have jobs and are both taking courses and working. The apprentices commit to at least two thousand hours in competency-based training that they can complete in less time.

          IBM apprentices join a cohort of apprentices from a number of business units in an IBM locality. In the opening weeks, they learn about the company and are introduced to the skills they will learn in the apprenticeship. With managers and mentors, they develop a personal skills roadmap to learning, demonstrating new knowledge and competencies, hands-on applications, and working within project teams. Digital credentials validate skills at milestones. The retention rate for apprentices is very high.

          
            A Consortium of Companies Committed to Apprenticeships

            In early 2019, IBM brought together a group of eight companies for a joint announcement of a new commitment to apprenticeships through the Consumer Technology Association (CTA).a The other companies include Ford Motor Company, Phone2Action, Postmates, SoftBank Robotics, Sprint, Toyota, and Walmart. Each company made a pledge to hire apprentices; IBM pledged to create four hundred to five hundred apprentices a year for five years.

            The other companies are modeling their apprenticeships in large part on IBM’s apprenticeship program. IBM has shared all of its apprenticeship course materials and software with the coalition. Why are the other firms participating? Walmart, for example, needs skilled employees in its rural locations to run its extensive IT systems; it has trouble recruiting them but believes trained apprentices from the area could be retained.

            The announcement was made at the massive annual Consumer Electronics Show in Las Vegas and featured four IBM apprentices. One was a Latino “dreamer” who had gone through the P-TECH program and had become an IBM apprentice. His talk about what the apprenticeship meant to him brought down the house, receiving a standing ovation.

          
          aComputer and Electronics Show (CES) Press Release, “CTA and IBM Announce Apprenticeship Coalition to Help Close U.S. Skills Gap,” January 8, 2019, https://www.ces.tech/News/Press-Releases/CES-Press-Release.aspx?NodeID=20769cf6-315a-435f-a70e-ba05c7ce76c4; Cat Zakrzewski, “Technology Companies Turn to Apprenticeships in Tight Labor Market,” Washington Post, January 8, 2019.

          IBM’s is not the only new employer-led apprenticeship program, but it is an example of what could evolve in the tech sector. It’s particularly interesting because it’s an employer’s attempt to move non-college-degree students into a field—computer and information technologies—dominated by college degrees, where there is now high employer demand and a major talent shortfall.

          Apprenticeships now reach less than 1 percent of the workforce; for this effort to scale, we need more than one-off efforts by single companies. Much more industry collaboration is required for sharing best practices and content. IBM’s example with a group of companies is a positive and instructive step (see “Consortium” box).

        
        
          Manufacturing Skills Standards Council

          Developing skill standards is a critical step for educating and hiring the manufacturing workforce needed in the coming decade.26 The process of taking a technical occupation area and identifying component skills and systems to teach them, developing effective assessments, and providing corresponding certifications, plus making these into living systems that incorporate ongoing developments, is a massive one. But it’s crucial to education and training. The lack of standards certification in a given occupation area can be frustrating: educators don’t know what to teach, employers don’t know how to evaluate potential employees and current employees, and employees don’t know how to qualify for jobs and can’t transfer their qualifications to other firms or areas.

          The Manufacturing Skills Standards Council (MSSC) has become the leading certifying body for the nation’s frontline manufacturing production and supply chain logistics technicians.27 It offers a nonprofit, industry-led certification, training, and assessment system based on industry-defined and federally endorsed standards. It’s the only certification organization in the manufacturing industry accredited under the international ISO system and has had the support of the National Association of Manufacturers, the leading industry association.28 Its certifications enable both new entrant and incumbent workers to demonstrate they have the required skills for increasingly technical manufacturing tasks.

          MSSC has two broad certification programs. Its Certified Production Technician program incorporates a host of tasks within five modules: safety, quality practices and measurement, manufacturing processes and production, maintenance practices, and green production. The Certified Logistics Technician program has two levels and includes tasks such as global supply chain logistics lifecycles, material handling equipment, quality control principles, computing skills, packaging and shipment handling, inventory control, and safe handling of hazmat materials. Both certifications have systems for online assessments, support online and blended learning courses, and include a supporting system of certified instruction organizations and trainers. MSSC has begun a skills development effort centered on the suite of advanced manufacturing technologies now beginning to enter manufacturing firms, including practices in artificial intelligence, robotics, data analytics, and computer control programming.

          The IT sector has been able to develop skill certifications for key occupation areas, the automotive repair sector certifies qualified mechanics, and the medical sector has long had certifications for doctors and nurses. The ongoing MSSC project in manufacturing could be critical for meeting that sector’s expected workforce skill demands. Without an educated workforce, and standards to meet for educating that workforce, new technology areas simply can’t grow.

        
        
          Chamber of Commerce Foundation

          The US Chamber of Commerce Foundation, the nation’s largest business organization, has the ability to reach companies of all sizes and sectors in every region. Its Talent Pipeline Management (TPM) Initiative, introduced in chapter 9, is designed to enable business-led efforts allied with other stakeholders to implement new training systems and curricula.29 The program reaches both new and incumbent workers to help upskill the workforces at two hundred partner employers in twenty-six states.30

          The training side, called TPM Academy, offers both in-person and online training for workforce leaders to learn the TPM approach. It’s backed by a customized curriculum that serves as a toolkit for participants. A web-based tool activates the six TPM strategies embedded in the program to streamline the data collection and visualization needed for sound program construction. It provides a framework for employers that can be customized to their particular needs in building high-performing talent pipelines.

          The TPM Academy works through five steps:

          
            	1.	Create a collaboration that organizes employer groups to identify shared workforce needs and the best opportunities for engagement.

            	2.	Develop projections for job openings to predict actual job needs and their accompanying skill areas accurately.

            	3.	Establish competency and credential requirements and communicate them across employer and stakeholder groups.

            	4.	Examine current talent flows and their capacity to meet demand; identify possible new sources.

            	5.	Form new talent supply chains to ensure a return on commitments.

          

          Once the new system has been implemented, the talent supply data system provides continuing information to allow improvements and adjustments. Overall, the TPM program offers constructive help to employers of all sizes trying to formulate workforce solutions.

        
        
          Joint Programs with Unions

          Another workforce coordination space available to some employers is working with unions. While unions currently make up only 6 percent of the overall private-sector workforce, some significant sectors remain unionized, including construction, manufacturing, aerospace, utilities, and healthcare. Industry-union workforce education collaborations can bring in groups of employers. For example, the Wisconsin Regional Training Partnership is an industry-led and worker-focused effort, with state, federal, and community participation and foundation support, that provides short-term training for skilled manufacturing, construction and healthcare jobs in the Milwaukee area.31 The program’s construction element, Big Step, works with the construction trades’ joint apprenticeship programs in the region and has significantly increased the entry of minorities and women into skilled construction jobs in the area and helped meet overall needs for skilled workers.32 Another example is the Culinary Academy of Las Vegas, which had trained some 42,000 workers for skilled jobs in that area’s hospitality sector, from professional cook to baker to wine server. A collaboration between the area’s numerous hotel and casino employers and the culinary and bartenders union locals, it has emphasized reaching large numbers of minorities, youth, and displaced workers through small classes of fifteen or fewer and expert instructors from industry, using a large, specialized training facility that also operates a “hands-on” restaurant and catering service.

          An underlying feature of the employer-led efforts described above—creating apprenticeships, establishing industry skill standards, and helping employer groups form training programs or coordinating training with unions—is that they are collaborative. Employers face a strong disincentive to work with other employers because they compete with each other for talent. This barrier to collective efforts amounts to a market failure. Yet shared programs can significantly lower training costs and risks. The solution is for groups of employers to coordinate their workforce efforts, and each of these programs provides an example. This will be crucial in scaling employer efforts.

          The economic fallout from the coronavirus will make companies, particularly small companies, less willing or able to adopt a workforce education role, although pressures to upskill the workforce will still be ongoing. This will propel more of a workforce support role for government. Yet efficient and well-designed workforce education requires companies to be involved in the content and its delivery to ensure that it fits actual workplace needs. So the collaboration model discussed here, involving government (particularly local and state, with federal support), with strong company input and involvement, will become even more central to workforce education efforts. Employers, smaller employers in particular, will be less likely to undertake them on their own.

        
      
      
        Model 7: The State’s Role in Unifying Workforce Programs

        One of the deeper problems in workforce education is that the major federal programs supported by the Departments of Education and Labor are not well connected and don’t reach incumbent workers easily. But because the federal programs are the major source of funding for state workforce programs, they drive how states organize their own programs: state implementation follows federal patterns. The result is a disconnect at both levels.

        States, though, are essential workforce actors. The ongoing effort in Florida to bring together manufacturing and workforce programs and community colleges (see chapter 1) is a good working model for how these federal programs could be better linked. Another is in Massachusetts, where the state government has tried to connect this range of programs at the state level in response to employer concerns about the lack of a trained workforce.33

        In 2015, the governor of Massachusetts created a “skills cabinet” with the secretaries of the three departments involved in workforce matters. The Department of Education covers all public education in the state, which includes vocational technical high schools, community colleges, and the state university system. The Executive Office of Labor and Workforce Development focuses on unemployed and underemployed workers, managing workforce boards and MassHire, the state’s unemployment and job placement employment service; it also supports the state’s apprenticeship program and its new intern program.34 The Department of Housing and Economic Development is the state’s economic development agency; it encourages firms to locate in the state and supports a range of programs, including ones in entrepreneurship and R&D, and also supports the MassTech Collaborative, which focuses on innovation infrastructure and talent for the state, including an innovative advanced manufacturing initiative.35

        The skills cabinet meets biweekly and makes program decisions jointly; all three member departments must approve any new workforce-related program from the constituent departments. The focus is on advanced manufacturing, healthcare, and information technology, which the state sees as the critical future job sectors for Massachusetts. Between 2015 and 2018, the cabinet awarded $52 million in Workforce Skills Capital Grants to 188 vocational technical high schools, community colleges, traditional public high schools, and companies to bring the latest technology and equipment to each to expand skills training programs.36 A major initiative has been to develop workforce strategic plans in the state’s seven economic regions.37 Each involves a planning group of regional stakeholders—state agencies, community colleges, vocational technical high schools, workforce boards, and industry leaders—with each region’s workforce board serving as a lead organizer.

        Massachusetts has committed $100 million in cost sharing with the federal government and industry to fund five of the nation’s fourteen advanced manufacturing institutes, each of which is located in or has program elements in the state. No other state has such a broad commitment to these institutes. The Massachusetts Manufacturing Innovation Initiative (M2I2) program, a part of the MassTech Collaborative, supports these institute efforts and helps provide advanced manufacturing equipment and training through regional partnerships involving universities, community colleges, and companies.38

        The M2I2 program is also coordinating an effort by the three state agencies to develop a new state plan for a system of advanced manufacturing education, coordinated across state education and workforce institutions and the manufacturing institutes and aided by a 2020 Defense Department ManTech grant. It is a pathbreaking example of Massachusetts’s commitment to meeting future skill needs.39 It will require a new curriculum centered on new technologies such as robotics and photonics, aided by online delivery, to be implemented in the state’s community colleges, technical high schools, state universities, and manufacturing employers. There is no existing system for educating for the new advanced technologies entering the workplace, so this example may well be the first systematic attempt. This program, which will reach incumbent as well as new entrant workers, could be a critical state model for what the nation needs to undertake.

        AIM Photonics Academy, a manufacturing institute workforce program that has already developed online education courses and modules for educating engineers and technicians in photonics, is assisting in developing these plans. Because it cost-shared their programs, the state is involving four other manufacturing institutes as well; they can contribute know-how on their new technologies and how to educate workers to use them. Overall, this new effort seeks to lead the state’s production industries into a position of competitive leadership. An education system for new advanced manufacturing technologies that includes curricula, courses, and modules to be used in education institutions and industry will be another first, and a potentially important new national model.

        Massachusetts has strengthened its vocational technical high schools, is bringing new technical skills programs into traditional high schools to create comprehensive high school programs, and has used its MassMEP manufacturing partnership program—which brings new technologies and processes to area manufacturing—as a coordinator for training programs for small manufacturers. The state’s Workforce Training Fund offers grants to employers to upskill their incumbent workforces. In other words, Massachusetts has developed a suite of new organizational and program elements that integrate education, workforce, and economic development at the state level, making up for the disconnects in these programs at the federal level.

        The state does all this by bringing together employers, education institutions, and state resources—a key three-way connection. Employers need to be involved in designing and funding workforce programs and in finding jobs for graduates. Classroom education must be integrated with opportunities to apply new skills in real or simulated settings, and training must focus on career pathways, not just skills for a particular job.40

        The Massachusetts solution to the federal workforce program disconnects is to fill the gaps.41 The state grasps that strong workforce development efforts need to be the at the heart of state economic development efforts: they will be key to growing companies and keeping them in the state, as well as attracting new ones.

      
      
        Model 8: Toward New Labor Market Information Systems

        American labor markets lack a good information system, as detailed in chapter 6. We need job skill information, with supporting credentials that connect to job openings data, are tied to rich data on training and education options, and that in turn are structured to fit needed skills and job requirements linked to the training systems themselves. We need an online navigator that integrates workers, employers, and educators and helps them sort out their best options within a data-rich environment.

        There are signs this missing navigator is evolving. Federal agencies, industry associations, and the private sector could play key roles. Two projects, both still works in progress, are noted here as examples for how progress could be made.

        
          Labor Department Efforts

          The 2014 Workforce Investment and Opportunity Act requires the Labor Department to build a new and much larger workforce and labor market information system and provides a full framework for organizing it.42 A subsequent advisory council developed detailed implementation recommendations, including recommendations for better identification “of in-demand occupations and industries” and to “fill a career awareness gap” for workers. Its report recommended building new databases from unemployment wage records; expanded information collection on occupations, skills, and credentials; a new career awareness education framework; and better information on the changing nature of work. Improved data sharing, new involvement by states and other agencies, and new analytics were also recommended.43

          Meanwhile, the US Census Bureau in 2019 created a jobkit site that compiles government job information sources and is also developing more data on postsecondary school employment outcomes.44 NSF undertook in 2019 a new National Training, Education, and Workforce Survey.45 And the Commerce Department and the White House, also in 2019, created an American Workforce Policy Advisory Board.46 Income and employment data from the Social Security Administration and the Internal Revenue Service, and other Commerce and Labor Department agencies, given appropriate data privacy protections, could also contribute to a new information system. Federal agencies could aggregate their data and allow the private sector to build specialized information systems from it in a public-private model.

          The Labor Department’s O*NET online system already provides workers with valuable data about occupations and their prospects nationally and by region.47 If this new system, including data from the other agencies, can be created, the combination would be a major step toward a workable information system.

        
        
          Chamber of Commerce Foundation’s T3 Network and JDX Project

          In 2018, the US Chamber of Commerce Foundation, with support from the Lumina Foundation, formed the T3 Network to link businesses, community colleges, technical standards organizations, employment experts, and technology firms with a data system available to all.48 The network of 150 organizations, including federal government agencies, is organized around four tasks: developing open data standards to harmonize and enable interoperability for skill competencies and worker and student records; identifying gaps in the standards for employment, earnings, and student records; developing tools for shared competency and skill statements for participants in labor markets; and developing protocols for workers and learners to access and use their skills data and competencies through blockchain and distributed ledgers. The project is taking on complex data gathering and organization tasks across public and private sectors. It could enable a better labor market information system.

          The US Chamber of Commerce Foundation also began its Job Data Exchange (JDX) project in 2018.49 The idea was that if employers provided much clearer job information, labor markets could better connect worker skills and qualifications with job openings. The National Association of Manufacturers and the US Labor and Education Departments participate in JDX, as do state organizations and some major employers, including Walmart and Microsoft. They are working on pilot projects in six states to develop standardized, structured data for web posting of jobs and create human resource systems for transferring job data.

          Sound information systems will require public and private sector collaboration; these programs attempt to do this. Neither T3 nor JDX are likely to grab headlines. But like the Labor Department’s information efforts, they are undertaking the difficult, complex work with data, standards, and systems needed for progress on a job navigation system.

        
      
      
        Model 9: Introducing New Education Technologies

        Developing and implementing new education technologies will be important to scaling new workforce education efforts. The US military provides an example of what is possible, and universities could play a significant development and dissemination role.

        
          Naval Air Warfare Center Training Systems Division

          Chapter 1 details work by the Naval Air Warfare Center Training Systems Division on training programs using virtual and augmented reality (VR and AR) in online gaming simulations and run on high-end gaming computers and touch screens. The navy is now shifting a substantial amount of its training for advanced equipment on ships, on submarines, and at air bases into these online systems, and they are increasingly in place at navy training centers and are moving into the fleet, beginning with aircraft carriers. The systems require that software be developed for each type of equipment, but the online hardware platforms are commercially available and the costs have become quite manageable—in the $10,000 to $15,000 range.

          The new VR/AR technology enables realistic training without risks to the actual equipment and while ensuring the safety of new operators. It enables significant learning by doing, which makes it a major step forward in training. Preliminary findings by the navy indicate that the level of skill that can be acquired through these VR/AR simulations is quite close to actual hands-on learning. The other US service branches are moving rapidly to shift their training to these technologies.

          Industry is further behind. While industry is beginning to use VR/AR for tasks such as inspections, it’s still a long distance away from introducing it at scale for training—in part a reflection of industry’s still limited commitment to training. This shifts responsibility for obtaining training to individuals and publicly funded community colleges. While the online equipment could make training much less costly for community colleges—they wouldn’t have to acquire full factory floors of advanced manufacturing equipment—they do not have the resources or capabilities to develop the required software. But once the software is developed, it could disseminate rapidly online.

          Online videos themselves are a powerful new tool for education now coming into increasing use, but they can be further enhanced. Who is in a position to develop the VR/AR and gaming software for the learning-by-doing aspect of training? Industry could do it for equipment now in use but will have trouble developing training for advanced technologies that are not yet widespread because there isn’t yet a market. Technology and equipment providers might fill the gap, but only for their own products. VR companies such as Oculus are only beginning to offer consumer games, much less education programs. Universities, many of which have now implemented extensive online courses, might take on this role. Clemson and MIT are two examples of universities adopting online technologies; chapter 8 detailed the emerging education technologies and their potential importance.

        
        
          Clemson’s Center for Workforce Development

          Clemson University’s Center for Workforce Development, discussed in chapter 7, has worked with South Carolina’s system of technical colleges, with support from NSF’s Advanced Technological Education (ATE) program, and developed a system of online courses in high-end manufacturing skills.50 These modular courses can be readily adopted in classes at technical and community colleges, enhancing rather than replacing face-to-face learning. The course materials fit the MSSC skill standards (discussed earlier) and can lead to MSSC certifications.

          Notably, VR/AR features are also being built into course modules.

        
        
          MIT Open Learning

          Our colleagues at MIT Open Learning have a growing list of accomplishments.51 Working with MIT faculty, they have now produced more than 170 MOOCs available online around the world and involving millions of learners. Because Open Learning believes blended learning is best—it can optimize both online and face-to-face learning—it has also been running boot camps to match up with a series of its MOOC courses. Students who complete MOOCs are eligible to participate for a fee in boot camps that often consist of a week of intense group learning. Boot camps allow face-to-face and learning-by-doing features to be added to online education.

          MIT’s long-standing OpenCourseWare system posts course materials and a growing number of lecture videos for nearly all MIT courses; more than three hundred million learners worldwide have used it. MIT and Harvard partnered to lead the creation of edX, a major online course platform that hosts MOOCs from more than 130 universities around the world, with many millions of learners. MITx, the institute’s online course system, is also developing new certificate programs. Its low-cost MicroMasters programs group sequences of courses, including in manufacturing and supply chain management, and reach 850,000 total enrollees. Students can qualify to come to MIT or more than three dozen other cooperating universities to complete a full master’s degree in supply chain management on an accelerated schedule, with full credit for the MicroMasters courses.

          MIT also now has an xPro suite of online courses developed for particular companies that want to train their technical and engineering staff. Boeing, for example, wanted to develop a common understanding of systems engineering across its workforce of thousands of systems engineers in many countries educated in different concepts. So it supported Open Learning to develop foundational systems engineering courses. These courses are also available to non-Boeing students. And Open Learning has already worked with a number of community colleges that use its MOOCs as modules in their courses. It aims to start including VR/AR simulations in its courses, and the MIT Game Lab has already developed a group of educational online games.52 MIT Open Learning is also working with nine other large universities to develop a digital credentialing system for both online course certificates and university degrees.53 The schools are working to create the standards for a trusted, distributed, but shared infrastructure for issuing, storing, displaying, and verifying academic credentials. Using blockchain and strong cryptography to prevent fraud, credentials can now be owned and displayed by the credential holder—representing a democratization of transcripts. It will also enable much richer and detailed credentials, potentially reflecting particular competencies the student has learned and making the system much more useful to employers trying to understand the skills and competencies that are actually behind a degree or certificate. It could help open new pathways for individuals to become what they want to be, as well as a serve as a protected validation system underpinning online credentials.

          In addition, MIT is home to the AIM Photonics institute’s education and training programs. AIM has already developed MOOCs posted on the MITx and edX platforms for photonics and optics skills at the engineering and technician level and is working on more. It is also working with the state of Massachusetts and in cooperation with MIT Open Learning on the statewide advanced manufacturing education system noted earlier; online courses will be an important feature. It recently received a grant to develop VR/AR training modules for photonics.

          Table 11.1

          New workforce education delivery models

          
            
              
                	Delivery model
                	Stakeholder roles
                	Examples
                	Groups of workers reached
              

              
                	New entrants
                	Displaced/underemployed
                	Incumbents
              

            
            
              
                	
                  1: Synergistic “trifecta” for high schools, community colleges, and incumbent workers

                
                	
                  Community/technical college (lead); employers, high schools, state (supporting)

                
                	
                  Asnuntuck Community College (Enfield, CT)

                
                	
                  ✓

                
                	
                  ✓

                
                	
                  ✓

                
              

              
                	
                  2: Youth apprenticeships

                
                	
                  As above

                
                	
                  Trident Tech (Charleston, SC)

                
                	
                  ✓

                
                	
                
                	
                
              

              
                	
                  3: Fixing the two-year college completion rate

                
                	
                  As above

                
                	
                  Tennessee Colleges for Applied Technology

                
                	
                  ✓

                
                	
                  ✓

                
                	
                  ✓

                
              

              
                	
                  4: Intensive short program for skills and certification

                
                	
                  As above

                
                	
                  Valencia College (Orlando, FL)

                
                	
                
                	
                  ✓

                
                	
                  ✓

                
              

              
                	
                  5: Technical and comprehensive high schools

                
                	
                  State (lead)

                
                	
                  Massachusetts

                
                	
                  ✓

                
                	
                
                	
                
              

              
                	
                  6: Employer workforce programs

                
                	
                  Employers (lead); industry associations (supporting)

                
                	
                  IBM, MSSC, US Chamber of Commerce Foundation

                
                	
                  ✓

                
                	
                
                	
                  ✓

                
              

              
                	
                  7: Unifying workforce programs across a state

                
                	
                  State (lead)

                
                	
                  Massachusetts

                
                	
                  ✓

                
                	
                  ✓

                
                	
                  ✓

                
              

              
                	
                  8: New labor market information systems

                
                	
                  Federal agencies, industry associations, private sector (lead)

                
                	
                  US Department of Labor; US Chamber of Commerce Foundation

                
                	
                  ✓

                
                	
                  ✓

                
                	
                  ✓

                
              

              
                	
                  9: Introducing new education technologies

                
                	
                  Universities and employers (lead)

                
                	
                  US Navy; Clemson University (SC); MIT (MA)

                
                	
                  ✓

                
                	
                  ✓

                
                	
                  ✓

                
              

            
          

          The work at Clemson, MIT, and other institutions suggests university models that could play a role in supporting entry of new online technologies into education and training, particularly for advanced technologies still in development and on which universities are working. Because online learning can scale quickly, a small number of schools can take leading roles. That’s how MOOC platforms developed. The work at the Naval Training Center and other military training centers provides examples of what the new technologies can accomplish in training.

          

          The nine models for workforce education delivery explored in this chapter reach the full range of affected workers—new entrants, underemployed and displaced, and incumbents. The models require different institutional leads. Table 11.1 summarizes the models.

          Together, the models amount to approaches that states, education institutions, and employers could adopt, filling significant gaps in the current workforce education system. They are complementary: no single model is adequate for the full range of workforce challenges, but a combination could have a significant effect. There are also implications from each program for federal education and labor programs. These policy implications are explored further in the final chapter.
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        A Roadmap to New Workforce Systems

      
      Workforce education is a complex system. There are many tasks to perform, actors involved, and categories of workers and industry sectors to reach. It’s also a legacy system, locked into existing routines that make change difficult. Even with improvements to the system, the complexity will remain, and a range of different policy initiators will be needed.

      We have a disconnected workforce education system now, poorly linked to jobs and careers and with critical gaps. As this work has shown, the various federal programs are not complementary; we lack an integrated approach to this major education challenge. The workforce is upskilling and will require significant additional education to adapt to a new suite of advanced technologies. Automation is being implemented gradually; the robots won’t take all our jobs tomorrow, if ever. The economy’s low productivity and capital plant, equipment, and IT investment rates suggest we have some time to get ready, and the economic effects of the coronavirus will push that back further. The workplace is not standing still, but it won’t change overnight. It will create and change jobs, as well as ending them. We have skilled workforce demand, not a surplus.

      The problems, though, won’t go away without a way to reach incumbent workers systematically and ways to help new entrant workers lower barriers between school and work. Current programs don’t effectively reach either of these groups. The curricula for the new skills required by technology advances has yet to be formed, and new delivery systems are needed.

      Where we are and where we need to get as quickly as possible can be summed up in five points:

      
        	•	The system is under-resourced.

        	•	There are major system gaps, particularly around upskilling incumbent workers and better connecting the worlds of working and learning for new entrant workers.

        	•	Significant new technologies, particularly IT, are moving into major economic sectors, but there is not a sound work education system for bringing the skills required to the workforce.

        	•	Our labor markets require the sound information system we now lack that will assist workers, employers, and educators in meeting workforce needs.

        	•	New education technologies could create new scaling opportunities for workforce education to help us meet these problems, with a blended approach and much learning by doing incorporated.

      

      Social policy generally evolves through the identification of demonstrated, replicable models that can be scaled up to achieve social impact. Models themselves are not policy; they can guide policy, but they require implementation. From the new models discussed in this work, we review in the following sections ways these needs might be met, including specific policy interventions. But first we need to review our findings to understand the challenges and the foundations upon which we must build.

      
        The System Is Broken

        Growing the number of quality jobs is now a central societal task in a period of growing economic inequality; workforce education is a critical means to that end. The first part of this work detailed the challenges faced by the US working class and a workforce education “system” that has not been working well. The coronavirus has dramatically highlighted the inequality problem by disproportionately striking the poor, the working class, and minorities, underscoring the need for new workforce education to remedy it.

        A catalog of social disruption begins with the decline in the manufacturing sector, which has led to so many of the problems the working class now faces. Manufacturing had long been a key route into the middle class for those with high school educations or less, including for minorities, but it was significantly curtailed by the end of the first decade of the 2000s. The nation lost one-third of its manufacturing jobs between 2000 and 2010, and only some 18 percent of these jobs had come back by 2018. Because manufacturing is the largest job multiplier—manufacturing jobs create many more jobs throughout the economy than service jobs—these effects rolled through other sectors of the economy. Manufacturing decline has been a leading cause of precipitous drops in the median income of men without high school diplomas, men with high school diplomas and some college, and women without high school diplomas. As an overall result, the workforce has been increasingly polarized, with income inequality growing and middle-class numbers in decline.

        Meanwhile, the requirements in workforce are for more and more skills. Higher-skilled jobs, defined as requiring some college education, now make up a growing part of the workforce, and lower-skill jobs have declined, with expanding low-pay services jobs at the bottom.

        The upper middle class has been thriving throughout the period just described. A significant portion of the middle class has lost its place, shunted toward jobs in a growing lower-paid, lower-end services sector. Despite a long American history of geographic mobility, the working class has been largely stuck in place, unable to capture job opportunities because they lack the necessary skills. Overall, the country has been experiencing its highest labor nonparticipation rate: 33 percent of prime-age workers were not working and not seeking work over much of this period. The quality jobs have been going to the college educated, while those with only a high school education or less face declining opportunities. The downturn from the coronavirus has exacerbated these problems.

        The workforce education system could help pull us out of this social disruption, but not in its current state. There are too many holes, too many breakdowns in the current workforce education system. At a time of growing need, resources devoted to training workers, both from the federal government and employers, have been stagnant or in decline. US Labor Department programs haven’t focused on incumbent workers and the higher technical skills they need. There is also a gap for young, new entrant workers: US Education Department programs focus on two- and four-year college education, not on the needs of the rest of the workforce. Neither department’s programs are complementary.

        Meanwhile, the vocational education/career and technical education system in US high schools has been largely dismantled; publicly supported community colleges are seriously underfunded and lack the resources to provide advanced training in emerging fields; and four-year colleges and universities are disconnected from workforce education and the other participants in the system, particularly from community colleges. There is a general disconnect between the still separate worlds of work and learning and a missing lifelong learning link. The scale of creative attempts to address these problems remains too small.

        New challenges to the workforce system will come from the entry of new technologies. These technologies, led by information technologies, artificial intelligence, robotics, simulations, digital production, new sensor platforms, and data and analytics, will eliminate some jobs, particularly lower-end rote jobs, but at the same time will create complementary jobs for operating and applying the new technologies and new jobs for building the new technology systems. IT-related fields are not the only ones that will change; advanced composites, new materials, power electronics, photonics, and new bioprocessing advances will also change work with similar effects. So the jobs story will be a mixed story of gain and loss.

        What seems clear is that a suite of new skills will be required. These will include significant new technical skills, but there will also be a premium on jobs that emphasize creativity and adaptability in managing the new technologies. There will be new tasks and new occupations we are only beginning to anticipate. To adapt, the workforce education system will need to change. We are not currently educating for these new technologies—in most cases, the curriculum does not yet exist—and a massive effort will be required to train the trainers if we are to achieve the new education levels required. The existing system is simply not ready yet.

        To understand workplace developments best, we have drilled down from the economy-wide level to explore three major economic sectors that tell a particularly salient story: manufacturing, healthcare, and retail. Together they amount to approximately one-third of American jobs.

        Manufacturing decline and the accompanying loss of jobs has been a major cause of social disruption, as noted earlier. But because manufacturing has an aging worker demographic, there likely will be more than two million manufacturing job openings in the coming decade, so it will be a significant job opportunity space. The sector is already upskilling: the jobs lost were predominantly in lower-end assembly work, and the education level of manufacturing workers is rising. Because manufacturing generally leads other sectors in productivity advances, the new technologies will likely enter this sector first, accelerating the need for need for new manufacturing workforce education.

        Healthcare is quite different. It’s an expanding sector, driven by the demographics of aging. New technologies are entering the sector and will create many new job categories as medical assistantships evolve to include operating new technologies and performing complex tests. Although existing health professions have sought to create barriers to their entry, this sector overall will be both expanding and upskilling.

        Retail, in contrast, continues to experience economic shocks. Retail was thoroughly overbuilt in the United States, and with the economic shock of 2008, older retail malls began to close and retailers went for a discount approach, cutting workforce costs and building up a base of lower-level service workers. The coronavirus downturn is deepening these economic problems. Now, online ordering and warehousing, while still less than 10 percent of retail sales, are creating another shock. Retail is emphasizing omnichanneling—seeking to make online and face-to-face customer links seamless and connected. Notably, retail is finding that physical stores work when salesclerks are highly informed and can be guides to customers, building personal relationships and steering them through the maze of competing products. Checkout and reshelving can be automated, but the “guide” role likely cannot. This workforce, therefore, will also likely be upskilling, becoming fluent with online technologies and educated in product lines and sales.

        All three of these sectors, despite being quite different, illustrate the need for new workforce education.

        Lurking behind the workforce problems we face is a broken labor market information system. Efficient markets are backed by efficient information systems so that market participants can act, not guess, based on sound data and information. The United States, though, has the most decentralized labor market of any developed nation, lacking information about work at every stage. Market participants are largely flying blind: workers don’t know what skills are needed for what careers or how to get them; employers lack good information on applicant skills and the skills they need; and educators don’t know what skills are needed and what to train for. Most sectors lack recognized certifications to demonstrate skills, so workers can’t readily transport their skills to other areas and jobs.

        A work navigation system could be an answer. Online-delivered interventions could help workers in mediocre or dead-end jobs find opportunities requiring skills adjacent to their own that they could master. The navigator could be an online guardian that collects and scans occupation shifts and alerts employees, finds relevant job openings, and identifies the skills needed for new jobs—from soft teamwork skills to basic education skills to technical skills. This tool could be organized around jobs, skills, and openings. Information on government job training support could also be delivered. The navigator could also link workers to training interventions, including training opportunities from colleges and community colleges. Employers could use the navigator to post job opportunities, describe the skills they seek, and assess job applicants’ skills. Educators could use the navigator to understand employer skill demands and better educate for sought-after skills. Such a navigation system could play a transformative role in adding sound information to our broken labor markets.

        Here are the big challenges, then: social disruption and growing economic inequality; a workforce education system with major gaps in educating incumbent and new entrant workers and for emerging skills; agency programs that pull in different directions; the entry of new technologies that could make this social disruption worse unless we prepare for them; a need for different strategies for different sectors (manufacturing, healthcare, and retail are different and require different kinds of workforce education); and a failed labor market information system that does not help its worker, employer, and educator participants.

        There is an additional important point we need to consider: Just how does workforce education contribute to growing the economy? Where does the technical workforce fit in? The power of innovation-based growth has long been recognized in economics. Nobel Prize–winning economist Robert Solow found that technological and related innovation led to 60 percent or more of historical U.S. economic growth—it was the dominant growth factor.1 Paul Romer, also a Nobel Prize winner, added a talent factor to Solow’s concept, arguing that technological knowledge (human capital engaged in research) was the foundation behind Solow’s technology development.2 But neither offered a full look at the innovation system, presenting innovation as largely R&D-based. Obviously, the workforce contributes significantly to productivity, but there is an additional element.

        Economist Richard Nelson’s suggestions about the important role of innovation actors—from firms to university research to government support—allow us to see innovation as a system,3 and arguably give us a third direct innovation factor: innovation organization.4 It’s not enough to have researchers and R&D; these need to be well connected to other actors in the system for innovation to be implemented. Because this broader innovation organization concept embraces firms, this helps us see that economic growth must include the technical workforce. As discussed in chapter 5, technological innovation needs to stretch beyond R&D to production, particularly production of new and complex technologies, because so much innovation is involved in development, testing, demonstrating, designing for production, and actual production.5 Much engineering innovation and often a redo of the underlying science are required to get through to the production stage. A similar argument can be made for innovation in the services sector. Because the technical workforce is integral to those development and implementation phases, it is integral to the innovation process. A theory of growth that fails to account for a skilled technical workforce underestimates its role. It is an important one.

      
      
        A New Workforce Education Framework Is Critical

        Given these challenges, chapters 7–11 of the book examined what a new framework for workforce education could look like.

        What is the role of four-year colleges and universities? They have generally regarded workforce education as someone else’s problem—a task for high schools and community colleges. Yet the tide has moved up the beach and is now lapping at the front doors of these institutions because the college degree has become the critical credential for workforce success—even if it’s largely a “default” credential given that it’s not clear what workforce skills it actually represents. But in the absence of other effective nationwide credentials, it has become the coin of the realm.

        One key task for colleges and universities is to do a better job preparing their students for careers. Computing, for example, is becoming a foundational skill for many fields, and colleges could do a much better job readying their students. Better career information and guidance are also needed. This does not mean abandoning the traditional liberal arts, but expanding the focus to help students also be more career-ready. This does not mean specific training for the first job after school, but longer-term career education.

        Universities can also play an important role in filling gaps in the broader workforce education system, working in concert with other actors. Community colleges, for example, will continue to lead on developing content and content delivery for mid-range technical skills; universities are not going to become the premier places to learn welding, but they could help develop content for high-end technical skills, particularly for emerging new technologies. They could also help develop, test, and apply new education technologies. Unlike high schools and community colleges, they could organize online education content, developing online platforms and optimal teaching models and the learning science behind it all. They could also help develop new delivery frameworks that connect businesses, government, and education institutions in ways individual actors cannot.

        In other words, there are some things four-year colleges and universities can do that community colleges cannot and vice versa. Each side needs to optimize what it can do best.

        New education technologies could also enhance workforce education, as demonstrated during the coronavirus. A major advantage of online education over providing new classrooms is that it can scale. While initial production costs are sizable for online courses, the per-student cost becomes quite advantageous as they disseminate across large groups of learners. And new technologies—gaming and simulations, virtual and augmented reality, digital credentialing and digital tutors—could greatly improve online workforce education applications, moving them closer to learning-by-doing capabilities.

        Online learning, however, will work better for some workers than others: younger new entrant workers may be more comfortable with online learning, and incumbent workers are often already working with computers at their worksites, but displaced workers or underemployed workers often have morale and technology fluency issues and will likely need to be in supportive communities first before online features are introduced. Overall, blended learning is best, wherein face-to-face teachers can be mentors and classroom communities can hone face-to-face communication skills. Online learning can then do what it does best: communicate content and information. New experiments are in order that combine online with face-to-face learning, such as through boot camps.

        Improving workforce education requires getting the education content right. Content falls into three broad categories: foundational academic skills (reading, writing, mathematics), personal and interpersonal skills (so-called soft skills), and occupational skills (technical skills that vary by occupation). Competency-based education—dividing learning fields into specific topic areas with measurable targets that can lead to mastery—provides an education approach well suited to workforce education. This sort of instruction can vary based on an individual student’s learning needs, and it can be supplemented with new certifications and credentials tied to specific topic areas. We have been multiplying non-degree-based certificates at a dizzying rate, usually without tying them to a credentialing system accepted by employers. Too often, this undermines their effectiveness for both workers and employers. But if this gap can be closed, the growing credentialing movement, linked to specific skill sets recognized by employers, could be a new force for workforce education.

        While there are new approaches to teaching foundational skills (such as through ACT’s WorkKeys, the twenty-seven Tennessee Colleges for Applied Technology, and Washington State’s I-BEST program), soft skills are very difficult to measure and test for, and accordingly we have limited workable educational approaches. Yet these are clearly important, and ongoing efforts should be continued. Occupational skills—a major focus of this work—are easier to validate because they translate directly into work performance. But we need to solve three problems: we need to tie the right content to individual student and employer needs; we need to develop the skill content for the new range of technologies that will be entering the workplace in both production and services occupations; and we need better content-delivery mechanisms.

        New apprenticeship approaches could also play a role in content delivery. Unlike European nations with more developed workforce education systems, the United States never developed an apprenticeship system for its youth. Many argue it won’t work here because apprenticeship programs require long-term training commitments from companies, and U.Ss employers tend to focus on short-term needs. Perhaps apprenticeships won’t work for all employers, but they may work for some. Because larger companies in more stable economic sectors are facing aging worker demographics, many appear interested, although the economic effects of the coronavirus may have to be worked through first.

        The examples of Trident Tech in Charleston, South Carolina, and in some other states show that youth apprenticeships can work for even small and midsize employers in competition for skilled workers. A sound youth apprenticeship program appears to build employee loyalty and retention. Apprenticeships tackle the disconnect between working and learning environments, one of the deepest problems in the workforce system—and so they have appeal from a student perspective. If apprenticeships lead to community college credit and can tie to college programs, they appear to offer a road ahead for students. Alternative forms of youth apprenticeships are being experimented with in Tennessee, Kentucky, Michigan, and Wisconsin, as detailed in chapter 10.

        Finally, because the current workforce education system has major gaps, new content delivery models are needed. We detailed nine models in chapter 11 that could be the basis for driving change in the system:

        
          	•	Turn community and technical colleges into platforms that can deliver workforce education to serve not only community college students but also area incumbent workers and high school students.

          	•	Use community colleges along with high schools and area employers to create youth apprenticeships that begin in high school.

          	•	Reverse low community college completion rates across states by reorganizing remedial and developmental education and connecting studies better to occupation opportunities.

          	•	Create short technical training programs at community colleges for underemployed workers that can also lead to certificates and degrees.

          	•	Revive career and technical education through technical high schools or programs in comprehensive high schools.

          	•	Expand employer workforce roles through enhanced training, apprenticeships, industry certifications, and employer collaborations.

          	•	Bring together state government leaders to work toward unifying a state’s labor, education, and economic development programs to support complementary program delivery, and create statewide plans and efforts to bring education in advanced technologies to the workforce.

          	•	Develop new labor market information systems to guide employees, employers, and educators.

          	•	Develop online, virtual, and augmented reality learning, digital tutoring, and other education technologies that can scale to meet workforce education needs and move toward more learning-by-doing approaches.

        

        Implementing new models like these across the country could change the workforce landscape. Where they are already in place, they are helping in every way implied by the preceding bullet points. These nine models speak to the major problems in the workforce system, and to ways to resolve them.

      
      
        Translating New Delivery Models into Policy Recommendations

        The current system faces a deep resourcing problem at nearly every level, which poses the question of how the models could scale to have an impact. Federal programs are inadequately funded, which affects the state role because federal funds support so many state efforts. There is not going to be a single implementation approach: different states and regions will have different strengths, and the actors, including educators and companies that step forward to lead them, can vary by area. All the models will require collaboration among government, businesses, and educators.

        We already have many of the institutional elements needed for a renewed workforce education system; we aren’t going to start again from scratch. The task ahead is repurposing existing approaches. We need policies that crosscut worker categories (new entrant, displaced or underemployed, and incumbent workers) and industrial sectors (including manufacturing, retail, and healthcare).

        We first examine policy at the provider level and consider the state and federal role, the role of educational institutions (community colleges, technical high schools, and universities), and the role of employers. Each of our recommendations is tied to the policy models listed earlier or to the relevant chapter in which that model is discussed.

        
          Recommendations for States

          We’ve already detailed the deep involvement of many states in workforce education through their roles supporting community and technical colleges, secondary education (especially specialized high schools), state universities, and workforce development boards. Many of the models discussed in chapter 11 have vital roles for states to play. Going forward, our recommendations for states are as follows:

          
            	•	Use community and technical colleges to deliver workforce education not only to community college students, but also to incumbent workers and high school students (model 1).

            	•	Use community colleges along with high schools and area employers to create youth apprentices that begin in high school (model 2).

            	•	Reverse low community college completion rates by reorganizing remedial and developmental education (model 3).

            	•	Create short technical training programs at community colleges for underemployed workers and create credits for these that can lead to degrees and broader certificates (model 4).

            	•	Revive career and technical education through technical high schools or programs in comprehensive high schools (model 5).

            	•	Create lifelong learning programs at higher education institutions (chapter 7).

            	•	Require stronger career advising and workforce skill education in higher education (chapter 7).

            	•	Work to unify state labor, education, and economic development programs to support complementary program delivery (model 7).

            	•	Create statewide plans and efforts to bring education in advanced technologies to the workforce (model 7).

          

          These tasks will require more resources, but efforts at the state level have shown that there is public support for workforce programs and that initiating new efforts in this area, efforts which are not partisan, can work well politically regardless of party. Still, this won’t be simple. States have been disinvesting in higher education; community colleges in particular have been underfunded (see chapter 3). This will need to be reversed.

          Also, states shouldn’t wait for the federal government. While the federal government has historically provided support for state workforce programs, a number of states are already making progress on new approaches and must keep moving ahead regardless of whether additional federal support is forthcoming. It is also important to remember that states can’t implement these models alone; industry and educators must be close collaborators and must be fully engaged with the states in these efforts.

          States also can apply other policy levers. Because the college degree has become the critical workforce credential, states can assure that programs in secondary schools can give community college credit and that credentials from community colleges can transfer to state colleges. For example, short programs can help underemployed workers get onto the first rung of solid employment, but do not provide for longer-term career preparation; ensuring that they are connected with other programs, with credits that can lead to associate degrees or broader certificates, is important. States can assist with this. Overall, workers will keep needing higher levels of skills, so certificates that keep building toward degrees and enable continuing learning will be key to avoiding education dead ends for the workforce.

          States can also work to ensure that their state universities are moving toward stronger career education and preparation programs—including in information technology fields—in addition to traditional foundational knowledge and liberal arts education. These need not be opposing forces. They should be complementary parts of higher education. Lifelong learning will be important to all workers. As part of a reorientation of higher education to include more career education, states can ensure lifelong learning programs at state universities and at community colleges.

        
        
          Recommendations for the Federal Government

          The federal government, of course, has long played an important funding role in workforce development and education, particularly in providing critical support for state programs. But there are important gaps in federal programs. While Labor Department programs for displaced and underemployed workers are offered through workforce development boards in every state, the Education Department focuses on student aid for college students. Funding for the former is stagnating and funding for the latter has been increasing, but neither address training for incumbent and young, new entrant workers and for emerging advanced technology skills.

          Our recommendations for the federal government are as follows:

          
            	•	Put adequate resources into the key Labor Department programs, the Workforce Investment and Opportunities Act (WIOA) and the Trade Adjustment Assistance Act (TIAA), as well as the Education Department’s Perkins Act (chapter 3).

            	•	Restructure these programs so they better reach new entrant and incumbent workers who need upskilling, as well as displaced and underemployed workers (chapter 3).

            	•	Experiment by supporting student aid pilot projects for nondegree workforce education in which education quality is ensured through partnerships among educators, students, and businesses (chapter 11).

            	•	Coordinate across the federal agencies involved, with consolidated budgeting for workforce development and shared criteria for evaluating programs and dispersing funds (chapter 3).

            	•	Expand federal support for apprenticeships and career technical education (chapters 3 and 10; models 2 and 5).

            	•	Undertake a concerted effort across agencies and with employers and educators to build a robust workforce information system (model 8).

            	•	Expand the National Science Foundation’s Advanced Technological Education (ATE) program to reach more community colleges (with collaborating universities) with advanced technology skill development (chapter 3).

            	•	Strengthen the advanced manufacturing institutes’ workforce education programs and encourage them to enter into development efforts with states for new advanced manufacturing curricula and delivery (chapter 3; model 7).

          

          The Perkins Act is the major tool for career and technical education, and the Workforce Investment and Opportunities Act program is the major tool for reaching underemployed and displaced workers. Funding for both, as well as for displaced workers under the Trade Adjustment Assistance Act, has been stagnant. Broadened Perkins funding should be available to states so they can experiment with and expand on the kinds of new models identified in this book. Congress should structure and fund WIOA to better reach incumbent and new entrant workers. The Labor Department’s apprenticeship programs should be expanded, including into youth apprenticeships, with protections for workers and students assured.

          Beyond direct federal funding for these sorts of programs, there is the issue of federal student aid to help cover tuition. There are significant quality-related risks in simply making the Education Department’s aid programs readily available for non-college-degree certificate programs. Protections need to be built in so that students don’t run into the same problems of poor performance and completion rates associated with so many for-profit providers. Education quality can be ensured when educators, students, and businesses work as partners and each has a clear stake in the outcome and can push the other stakeholders to ensure quality. For example, employers cannot settle for poorly trained workers, so ensuring they are involved with education providers in designing and using new education programs can be an important quality assurance step.

          All these elements could help us make significant progress in filling the gaps in current federal Labor and Education Department programs, making disconnected efforts much more integrated.

          The federal government has another important role—helping fix America’s broken information system behind our labor markets (see chapter 6). Markets fail without good information.

          We need an online navigator that integrates workers, employers, and educators and helps them sort out their best options within a data-rich environment. A sound information system would fill in what is largely missing in our system and provide job skill information, with information on supporting credentials that is connected to job opening data and is tied to rich data on training and education options. The information would be structured to fit needed skills and jobs, which, in turn, would link to the training systems themselves.

          A host of federal agencies—the Bureau of Labor Statistics, the Census Bureau, the Bureau of Economic Analysis, the Social Security Administration, the Internal Revenue Service, and others—have vital data that could be the basis for such a system (with privacy protections in place, of course). The Labor Department’s O*NET system already provides valuable data online about occupations and the prospects for job growth both regionally and nationally, and the DOL has already been directed by Congress to build a much more far-reaching system. But more progress is needed.

          Federal data could be shared with the private sector so companies can combine it with industry data to meet specialized functions for different occupations and sectors. The US Chamber of Commerce Foundation, for example, could be an early beneficiary: the foundation is building a job data exchange for employers to standardize job qualifications and searches and an accompanying job data system. Companies such LinkedIn, which is building employment information systems for employers and professionals, could also benefit.

          Two additional areas deserve federal agency attention. The National Science Foundation’s Advanced Technological Education program is a key mechanism to link community colleges and universities for joint development of curriculum and online education in new technologies in a wide range of technical fields. ATE’s limited budget and its efforts need to be increased substantially given the scope of the workforce challenges ahead. There is a corresponding role for developing education content for new technologies by the fourteen advanced manufacturing institutes. These institutes also need to work with states, universities, and community colleges on development of advanced manufacturing content and its delivery. ATE and the institutes are already collaborating on both content and delivery.

        
        
          Recommendations for Education Institutions

          While universities continue to treat workforce education as a problem for high schools and community colleges (see chapter 7), the college degree has become the dividing line for workforce success. But four-year colleges and universities need to change their mindsets. They must do better at preparing their students for careers, for example, by imparting to students the computing skills now key to many fields. They need to provide better career information and guidance to students. They must offer lifelong learning opportunities so workers at all career stages can update their skills to keep up with technology advances. State colleges in particular should improve transferability with community colleges. Universities could also play an important role by organizing broader workforce education systems, working in concert with other educational institutions and employers.

          Our specific recommendations for universities are as follows:

          
            	•	Use their relationships with other actors, including states, industry, and, potentially, community colleges, to help organize new delivery frameworks for workforce education, particularly for higher-end skills (chapter 7).

            	•	Develop online delivery systems for workforce education, including development and implementation of new education technologies—virtual and augmented reality, application of computer gaming and simulations, and use of artificial intelligence and digital tutors—and create blended learning approaches, such as through boot camps (chapter 8; model 9).

            	•	Prepare content and delivery for higher-end workforce skills, including for new information and other technologies in which universities have expertise that will be needed in the workplace (chapter 7; model 7).

            	•	Develop lifelong learning curricula and offerings, particularly for higher-end skills and new advanced technologies (chapter 7).

            	•	Develop the learning science for optimal teaching approaches that can be incorporated in both online and classroom education and applied to workforce education (chapter 7).

          

          Not every university will be ready to pursue these tasks, of course. But given that many are already implementing online education at scale and developing the new technologies that will enter the workplace, they are better positioned to be involved on the education side than are other actors.

          Community colleges are already central to workforce education efforts; they were largely designed for this task. A number have already developed the new models we’ve discussed in this and earlier chapters. Asnuntuck Community College in Connecticut has developed, in cooperation with area companies, the trifecta model that reaches incumbent workers and high school students, as well community college students, with high-skill manufacturing courses and certificates. Trident Technical College in South Carolina has developed an innovative youth apprenticeship program with area high schools and businesses. The system of twenty-seven Tennessee Colleges of Applied Technology has developed ways to improve student completion rates dramatically, as well as to place the vast majority of its students into jobs in the fields of their training. Valencia College in Florida has created innovative short programs to move underemployed workers into well-paid jobs with benefits in ten to twenty-two weeks. These are only some of the innovations coming out of community colleges.

          Additional efforts are needed. Our recommendations for community colleges are as follows:

          
            	•	Significantly increase completion rates for degrees and certificates, with particular attention to the major barriers of remedial and developmental education courses, as well as cost (model 3).

            	•	Work to mitigate the social and economic life circumstances that cause students to drop out, including through expanded mentoring and career advising for students (model 3).

            	•	Expand connections with high schools for youth apprenticeships, internships, and other programs for workforce education that open community colleges to new entrant workers (models 1 and 2).

            	•	Implement short skill programs and create credits for them that tie to degrees and broader certificates (model 4).

            	•	Reach incumbent workers and closely link on an ongoing basis to employers to ensure that courses are relevant to meeting employer needs (model 1).

            	•	Link to universities and NSF’s ATE program and the advanced manufacturing institutes for support in developing materials for workforce education, particularly to obtain access to online courses and modules on high-level technical and advanced skills for emerging new technologies (chapters 3 and 7).

          

          Because of long-standing barriers between school and work, there is a particular need for technical and comprehensive high schools to ease the transition of new entrant workers from school into good workforce jobs—and, as a by-product, cut youth unemployment. Unfortunately, there are simply too few high-quality examples of these technical institutions nationwide (chapter 11 explored the successful Massachusetts model).

          Local school districts and states should encourage growth of this model through either technical high schools or comprehensive high schools—that is, technical education programs located within existing academic high schools. Close ties with area employers are also needed for internships at companies that would typically begin in the junior year; support from states, especially for the special equipment training often requires, may be needed. Additional federal Perkins Act CTE funding and alliances with community colleges with strong workforce programs are also needed.

          Our recommendations for technical and comprehensive high schools, states, and school districts are as follows:

          
            	•	Form comprehensive high schools by altering existing academic high schools to develop workforce education programs in cooperation with area community colleges and employers (model 5).

            	•	Create new technical high schools with high-quality workforce education programs developed in cooperation with employers and community colleges (model 5).

          

        
        
          Recommendations for Employers

          While all the models require collaborations among employers, educators, and governments, employer involvement is particularly important.

          Employers historically provided on-the-job training for many workers, but data in chapter 3 suggest this support has been declining. Global competition has put cost pressure on employers to cut training costs, and those that do invest in training feel they lose the benefits of their investment when workers change employers. But an aging workforce and shortages in needed higher skills may be leading some employers to reconsider training.

          Some large employers have provided apprenticeships for young employees in the past (see chapter 10); nearly all of these are gone. Apprenticeships involve long-term commitments from employers that typically act to fill short-term needs. Federal support for new apprenticeship efforts has grown since 2008, however, and some large employers, including a group led by IBM, have begun to run their own apprenticeship projects.

          Programs in which employers share education costs for apprenticeships and internships for new entrant workers may be an option for some. Employers in several states, including South Carolina and Wisconsin, have supported apprenticeship programs in which both small and large employers pay apprentice wages while educational institutions, government, and industry associations share the costs for the education side. These programs put employers in a collaborative relationship with community colleges and state government.

          Cost sharing of training among regional groups of employers may also be possible. The US Chamber of Commerce Foundation’s Talent Pipeline Management program reaches both new and incumbent workers to help employers in upskilling their workforces, providing both online and in-person programs customized to area employer needs. At this writing, the program had two hundred partnerships reaching thousands of employers in twenty-six states.

          Employer associations have also sponsored skill certification efforts and standards. The Manufacturing Skills Standards Council (MSSC) has created an industry-led certification, training, and assessment system for some sixty manufacturing skills that are industry defined and federally endorsed. This still evolving common certification system helps employers understand applicants’ qualifications, enables workers to show transportable skills, and allows educators to design programs.

          In general, as each of these examples illustrates, employers need to collaborate with educators and area governments. The workforce development boards that manage regional training efforts with Labor Department funding have long been employer led. If board programs can be structured to reach incumbent workers better, the employer role will grow. Collaborative training efforts shared among area employers and efforts by industry groups to establish much-needed skill certification systems for sector skills appear to be workable training approaches for employers. In some regions, businesses can provide leadership for workforce efforts; in others, they will be active participants. Workforce training is a team activity and must involve education institutions, area governments, and industry working together.

          Our recommendations for employers are as follows:

          
            	•	Collaborate with educators and state and local governments, as well as labor organizations, in developing workforce education systems, including apprenticeships and internships at the high school and community college levels, as well as upskilling for incumbent workers (models 1, 2, 4, and 6).

            	•	Collaborate with other employers, including small and medium-size employers, on workforce development to break the pattern of one-off, nonreplicable programs by single employers (model 6).

            	•	Use industry associations and work with educators to develop skill standards and certification systems (such as the MSSC system) for existing and new technical tasks and occupations (model 6).

            	•	Support new labor market information systems (model 8).

          

          The nine models for specific delivery programs offer concrete ways these recommendations can be implemented.

        
      
      
        Application to Worker Categories

        Given the widespread disruption to the American working class we’ve described, led by a decline in the manufacturing sector but expanding into large areas of less skilled work, any workforce education recommendations must address the three different worker categories we’ve been using throughout this book:

        
          	•	Incumbent workers need to raise their skill levels to meet the demands of new technologies. They could be helped by community college programs at workforce sites; improving completion rates for community college certificate and degree programs; expanded employer training roles; short programs at community colleges for upgrading and changing skills; collaborative efforts by states, educators, and industry to develop education for advanced skills required for oncoming technologies; new labor market information systems; and scalable new education technologies.

          	•	New entrant workers need better routes from school to work. Skill education programs at community colleges, youth apprenticeships, and technical and comprehensive high schools, as well as most of the other approaches noted for incumbent workers, would help.

          	•	Underemployed or displaced workers have morale problems from job loss or are stuck in lower-end, lower-paid jobs inadequate for supporting themselves and their families. They could benefit particularly from short programs, improved completion rates, more unified state labor and education programs, and new labor market information systems, as well as the other approaches noted earlier in this list.

        

        The new models and our recommendations based on them, then, speak directly to these categories.

      
      
        Implementation in Sectors

        Workforce education cannot be understood in the abstract. Workforce needs must be seen in the context of particular industry sectors that differ widely. We’ve examined three sectors closely—manufacturing, retail, and healthcare delivery—that together account for about one-third of the nation’s workforce. The new delivery models and our recommendations noted earlier fit these sectors.

        
          Manufacturing

          Manufacturing is important to the nation’s overall economic performance, despite the major decline in employment and output between 2000 and 2010. Prior to the COVID-19 outbreak, output levels had only recently recovered, but jobs remained well below year 2000 levels.

          Nevertheless, manufacturing faces significant employment needs in the coming decade because of an aging workforce. And as new technologies enter the sector—typically the first to adopt new productivity opportunities—new levels of skills will be required of the workforce. There is no workforce education system yet for advanced manufacturing, which will include new digital and information technologies, advanced materials, photonics, composites, 3-D printing, and robotics. Both content and content-delivery approaches need development. There are big stakes here: becoming an early mover on advanced manufacturing will play a significant part in America’s future economic well-being.

          This sector will require new content, new certification systems, and improved means of delivery. Existing skill shortages will be compounded by shortages in new sets of required skills. These present major challenges. All nine new delivery models detailed in chapter 11 and listed earlier will be relevant, requiring new programs in manufacturing education. They can be adapted to fit advanced manufacturing workforce needs, as detailed in table 12.1.

          Manufacturing employers, preferably acting through area industry consortia, will need to create new training and apprenticeship roles and apply new certification systems for the new production technologies. In addition, states that want to retain their manufacturing sectors will need to form statewide plans for developing and delivering training to workers in the new advanced manufacturing technologies, as Massachusetts has done. This will require strong involvement from industry, as well education institutions and government agencies, all playing their roles, as discussed earlier.

          Table 12.1

          Workforce education policies for advanced manufacturing

          
            
              
                	Policy approach
                	Policy model #
              

            
            
              
                	
                  Use community colleges to deliver skills training for incumbent manufacturing workers, high school students, and community college students in state-supported advanced manufacturing centers

                
                	
                  1

                
              

              
                	
                  Form apprenticeship and youth apprenticeship programs in cooperation with manufacturing employers, community colleges and high schools, and government

                
                	
                  2

                  6

                
              

              
                	
                  Increase community college completion rates, including in manufacturing skills

                
                	
                  3

                
              

              
                	
                  Develop short training programs in manufacturing skills at community colleges

                
                	
                  4

                
              

              
                	
                  Form technical or comprehensive high schools with advanced manufacturing programs

                
                	
                  5

                
              

              
                	
                  Unify education, workforce development, and economic development programs for delivery of advanced manufacturing skills at the state level

                
                	
                  7

                
              

              
                	
                  Support new information systems to help workers, employers, and educators navigate job searches, job qualifications, skills certifications, and skills acquisition

                
                	
                  8

                
              

              
                	
                  Use new education technologies delivered online to scale up the advanced manufacturing content-delivery process

                
                	
                  9

                
              

            
          

        
        
          Retail

          Employment in the retail sector has been in decline at brick-and-mortar stores, which have suffered shocks from the Great Recession and the coronavirus, but growing for online ordering and warehousing. As retailers move to omnichanneling—making connections between online ordering and physical stores seamless—they will also need to change to well-trained, highly informed sales clerks who become customer guides, helping them through the maze of product options and using online capabilities to create personalized products and solutions for customers. Apple’s sleek stores, which have created the highest retail returns ever, exemplify this approach with their expert trained staff and Genius Bars.

          Training in retail has historically been minimal. Stores and chains locked into older retail models with poorly trained staff now face a major upskilling task to be competitive. If an expert staff is now the key to in-person retail, staff members must be trained in product lines, business services, and online skills. Many of the models we’ve discussed are relevant, including short programs and certificates in computing and business services at community colleges. The trifecta community college approach to reach incumbent workers at existing worksites, as well as new skills certifications, will be needed. Retail workers in an increasingly disrupted sector will be in particular need of new workforce information systems.

          Large retailers with large numbers of employees face a daunting training task. They likely need to supplement new face-to-face training efforts with online education that can scale far more rapidly than classroom training, including applying new online technologies. They can also consider online strategies to “train the trainers,” using the first level of managers to train retail staff.

        
        
          Healthcare

          Healthcare is an expanding sector because of patient need, but the established physician and nurse professions face shortages in primary care, drug treatment, treatment of the elderly, and other important areas. At the same time, new technologies rapidly entering the sector require experts trained in their use. New varieties of medical assistants, as well as physician assistants and nurse practitioners, are growing in parallel to the rising demand. These forces are creating a training task of great magnitude. Yet these new fields face barriers to entry because of the long-established roles of the existing professions. Nearly all nine models we’ve discussed could prove relevant to meet the education needs in these new healthcare fields.

          

          America’s social fabric is being torn by the social disruption and growing economic inequality driven by declines in the manufacturing sector and lower-skill jobs. Too many people are falling behind, lacking the skills needed to keep up—let alone get ahead. We need a renewed workforce education system. It’s a societal imperative.

          We have a disconnected workforce education system, with critical gaps for incumbent and new entrant workers. We have quality jobs we aren’t filling, a situation that will pick up again as we recover from the coronavirus downturn. We have a host of new advanced technologies beginning to enter the economy and no system for educating workers to understand and use them. We have a massive gap between school and the workplace, and an unacceptable youth unemployment rate as a result. We have a dysfunctional labor market information system that leaves workers, employers, and educators adrift. We have new education technologies evolving to scale our training, but we have failed to deploy them adequately to meet our needs. We have not applied the resources—funding, talent, and new approaches—we need to fix these problems.

          We see the need for expanding the community college role to reach not only community college students but also incumbent workers and high school students. We need apprenticeships where they fit employer needs. We must dramatically increase the completion rate for community college certificates and degrees. We need short programs that are also connected to certificates and degrees and that can reach displaced and underemployed workers.

          It’s time for new technical and comprehensive high school programs, expanded employer training roles, and for universities to assist in developing advanced content, online delivery, and new education technologies. We need unified state program delivery for education and workforce development, and state efforts with educators and industry to develop new education content and delivery for the oncoming advanced technologies. We must have new information systems that can help workers, employers, and educators navigate complex labor markets. And we need new education technologies to help these workforce education programs to scale. Collaboration between employers, educators, and government will be a critical criterion for all these efforts.

          This is a tall order—but one we can fill.

          In the early twentieth century, the demands of a rapidly industrializing economy created a need for high schools nationwide. Within three decades, a new secondary education system was built in every state and school district. If our nation could accomplish that, the workforce education challenge we face now is not a “mission impossible.” Many of the institutions we need are already in place. The models for a renewed workforce education system are not abstract ideas; they are already being tested. We can build this.

          The stakes are too high to ignore. The American workforce is the key to our economy and our democracy.
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