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        Foreword

      
      In 1932, British Prime Minister Stanley Baldwin delivered a memorable speech in the House of Commons, addressing head-on the question of how rapidly improving technology would change the nature of war. In Baldwin’s view, the risk of mass death from enemy bombing was now very real, and for a simple reason:

      
        the appalling speed which the air has brought into modern warfare; the speed of the attack. The speed of the attack, compared with the attack of an army, is as the speed of a motorcar to that of a four-in-hand.1

      

      In 1918, the fastest heavy bomber in the world was arguably a Handley Page twin-engine biplane with a top speed of 97 mph. By 1932, the latest bombers (some of which were still prototypes) could already reach close to 200 mph. Such fast-moving bombers meant that

      
        In the next war you will find that any town within reach of an aerodrome can be bombed within the first five minutes of war to an extent inconceivable in the last War, and the question is, Whose morale will be shattered quickest by that preliminary bombing?

      

      This thought had profound implications—for Baldwin, for the British government, and for militaries everywhere—in terms of thinking about what mattered. Baldwin put it this way:

      
        I think it is well also for the man in the street to realize that there is no power on earth that can protect him from being bombed, whatever people may tell him. The bomber will always get through.

      

      The implication was simple: build bigger, faster bombers. And one prominent strategic thought—which has been with us ever since—was: Bomb the enemy early in the next war. Perhaps even bomb the enemy’s airfields and destroy as many opposing aircraft as possible on the ground before formally declaring war. Exactly the same thought was conveyed brilliantly and reinforced in dramatic fashion by H. G. Wells in The Shape of Things to Come, published in 1933. (The book became a compelling 1936 movie about the imminent future of war.)

      In retrospect, Prime Minister Baldwin was spot on in terms of the continued technological improvement in bombers—in 1940, the long-range German bomber, the Heinkel He 111, had a top speed of around 270 mph. And Baldwin was also in the right ballpark regarding the ultimate long-run implications of increased bombing capacity—by 1943, the Allies had launched an air campaign that devastated German industry.

      Baldwin was channeling the thinking of leading air force officers and theorists (and H. G. Wells himself, who had been writing about air power for decades). But Baldwin and almost all of these military experts and visionaries got one big thing wrong: “The bomber will always get through” was not correct. By the end of the 1930s, effective air defense against bombers was not only a real possibility—for Great Britain, at least, it had become the decisive weapon. In the Battle of Britain, between July and October 1940, RAF Spitfires and Hurricanes turned back German daylight bombing raids and effectively prevented an invasion. German bombing did plenty of damage, including to London and other cities during the Blitz. But the original goal of the German bombing campaign was to seize control of the air, making it possible for ships and ground forces to move with impunity. On this key dimension, the German bombing effort failed entirely.

      The reason for this shift in the fate of bombing runs was simple. At the same time as bombers became faster, the speed and operational ceiling of fighter planes, a.k.a. interceptors (as they were designed to intercept bombers), also improved. Fighter planes at the end of World War I struggled to stop determined bombing attacks, and military experts soon dreamed that bombers would become flying fortresses that could defend themselves effectively. But by 1940, the Spitfire could fly at over 350 mph—and dive at perhaps 500 mph. Not only did the British have greatly improved fighter planes, including the Hurricane, but they also built a radar and human observer system that could pick up early warnings of incoming bombers, determine their likely vector, process this information in real time, and send guidance to fighter command centers—actionable intelligence indeed.2

      Essentially, the British won the Battle of Britain by doing what Baldwin—and most other experts in 1932—thought was impossible. In effect, the RAF built a massive, human-powered analog computer that could determine where the daylight bombing threats were and dispatch fighter aircraft that could break up those attacks. Despite German countermeasures and the strong performance of their own fighter aircraft (particularly the Messerschmitt Bf 109), British air defense prevailed.

      What are the lessons from that experience for the United States today?

      Everyone surely agrees that, as technology changes, so does war. This has been evident at least since early in World War I when the machine gun, the tank, and most of all aircraft completely altered how nations fight.

      But while many technologies change all the time—and perhaps at faster rate today than ever before—it is impossible to say what will be decisive at any moment in time.

      We do know that building big stockpiles of weapons is unlikely to be effective, at least when the pace of technological change is rapid. In the early 1920s, France had the largest air force in the world. But all of those planes were obsolete by the 1930s (if not before), and France’s lack of good fighter planes proved a disastrous weakness when Germany invaded in May 1940.

      Drones are surely an important part of future conflict. But what size of drones, controlled how, and used in what way? And couldn’t anti-drone defenses also develop at a rapid pace? I have no idea what the answer will be. I have listened carefully to the world’s experts on these questions, as reflected in this volume, and I have learned a great deal. But mostly what I know is simply that I want these experts to keep working on these important questions, I want this work to be backed with significant resources, and I want people with all kinds of ideas from the full range of relevant experiences—including from Ukraine since 2022—to contribute to this agenda in the United States and in Western Europe.

      If we don’t know exactly what the future global economy will look like, then we don’t know which technologies will be decisive—but we do know that today’s stock of knowledge and capabilities is not likely to be enough. We have to keep innovating.

      The most important innovations for national security will surely be those that move other technologies forward—for example, semiconductors or advanced manufacturing. It’s also appealing to push hard on commercial applications when we can imagine that related or subsequent developments could have defense implications. The Germans were forbidden from having military aircraft after World War I, but they made good progress with civilian aircraft—and in the 1930s, brought those ideas and the associated expertise into their military buildup.

      And that’s another key lesson from history. Invention requires inventors—people who devote years to developing technologies, even when the particular line they are pursuing has not yet taken hold. A country like the United States should be investing in breakthroughs wherever these are possible—for example, in biomanufacturing today. And, as David Baker (Chemistry Nobel Prize laureate in 2024) and I have argued, the best way to promote any scientific enterprise is to strengthen the pipeline of young talent entering labs and thinking hard about innovation.3 In many fields, key inventions are produced and powered by graduate students and postdocs. Increasing the number of talented people entering all scientific fields needs to again become a pressing national priority.

      If you invent the industries of the future, you will get more of the good jobs that are created—a point that Jonathan Gruber and I emphasized in Jump-Starting America: How Breakthrough Science Can Revive Economic Growth and the American Dream (Public Affairs, 1999), and one that was taken up by the bipartisan Chips and Science Act of 2022. But you also strengthen your scientific cadres—your brilliant young people (and the great older experts) who can both build what you want today and also pivot, if needed, to build something different but likely related when needed.

      Before World War II, the US government spent almost nothing on research and development. The lessons of that war—including those from programs to develop radar, synthetic rubber, and penicillin, and of course, the Manhattan Project—convinced Congress and the broader political leadership that supporting basic science was essential to accelerate technological progress. This progress proved not just something that was nice to have but rather an essential part of postwar American prosperity—and national security.

      But what should we develop? Where are the frontiers? What is the set of potential breakthroughs that are available today, even if we cannot yet see the full contours? What are the essential inputs, such as critical minerals, that we will need? Where does “advanced manufacturing” fit into the defense picture?

      As an economist, I also have to ask the question: How much will any of these initiatives cost us? How large are the potential spillover benefits? And why isn’t the private sector going to do this of its own accord?

      And please remember also this essential lesson from what happened at Pearl Harbor on December 7, 1941. The US Navy already used radar for fire control on ships, the Battle of Britain had demonstrated the value of radar for air defense almost eighteen months previously, and the British gave the cavity magnetron (a key element for the future of radar) to the United States in September 1940. But on the morning of December 7, when two radar operators reported an incoming flight of likely enemy planes, the officer in charge of the command center told them they were hallucinating, and they should go have breakfast.

      Ultimately, effective defense is not about the hardware or the software. It is about how you incorporate technology into your decision-making apparatus, so that accurate-enough signals trigger effective responses. Or, to put the same point more forcefully, it’s never about the machines—it’s always about how you use them. Nothing is more important than the vision we have for the future of technology.

      At MIT, we do not have all the answers for the deep puzzle of how to boost shared prosperity while mounting an effective defense against all possible threats. But we have some pieces of the answer, and publishing this volume is intended to encourage others to put forward their ideas. It is also intended to help us, across all parts of MIT, think harder about what is needed and why the federal government should put taxpayer resources into particular efforts.

      Technology has been central to society at least since the first human figured out how to sharpen a stone. How militaries are organized and equipped has always been a central feature of any civilization. But how we organize production more broadly is just as important for the nature of our society.

      Today’s world is highly uncertain. But other countries are investing heavily in upgrading their scientific capabilities, taking pages from the post-1945 American playbook. Some of these countries see themselves as racing against the United States to invent the future, partly for commercial purposes (and to grab more of those good jobs), but also likely with at least some potential military-related rationale.

      The United States is an incredibly inventive place—surely the most creative place, over the past 150 years and still today, in terms of imagining and implementing new technology. We have a population of close to 340 million. But the world has more than 8 billion people, most of whom would welcome better technologically powered solutions for a myriad set of problems. As Vannevar Bush wrote in his famous 1945 report, science really does offer us an endless frontier.

      We can invent better futures for ourselves and for the world. We can do this in ways that are responsible, respectful to the environment, and careful with regard to all forms of unintended consequences (including what happens to jobs)—all points that Daron Acemoglu and I emphasized in our book, Power and Progress: Our Thousand-Year Struggle Over Technology and Prosperity (Public Affairs, 2023). And while we focus on this, we can also make ourselves, our allies, and the entire world a safer place.

      To do this, we should invent, develop, and implement everything discussed and proposed in this volume. And a lot more.

      Simon Johnson

      December 2025

      
        Notes

        
          	          
            1. A “four-in-hand” was a horse-drawn carriage that could travel fast, for its day. For the full text, see Stanley Baldwin, “A Fear for the Future” (speech, House of Commons of the United Kingdom, November 10, 1932), https://missilethreat.csis.org/wp-content/uploads/2020/09/A-Fear-for-the-Future.pdf.

                  

          	          
            2. The deep bunker headquarters of 11 Group, with primary responsibility for South East England, is in Uxbridge and well worth a visit; anyone who cares about the future of technology should visit this compelling piece of strategic history. RAF Fighter Headquarters at Bentley Priory—the brains of the information processing operation—is also worth a visit, although sadly the underground bunker there was not preserved.

                  

          	          
            3. David Baker and Simon Johnson, “Will the US Continue to Dominate Science?” in The Economic Consequences of the Second Trump Administration: A Preliminary Assessment, ed. Gary Gensler, Simon Johnson, Ugo Panizza, and Beatrice Weder di Mauro (CEPR Press, 2025).

                  

        

      
    
  
    
      
        Introduction

      
      In the twentieth century, the United States led the world technologically and benefited economically, militarily, and socially from the positive spillovers that came with that leadership. From airplanes to microchips, nuclear energy to biotechnology, and the internet to GPS, a wide range of inventions and innovation have driven the US economy and positioned the country as the global leader in industries important to the country’s overall security. Today, however, the country’s global technological leadership is no longer assured and is in fact slipping, challenged primarily by China. At the same time, US national and economic security interests are being threatened by geopolitical rivalries, supply chain vulnerabilities, and energy security concerns, among other challenges. A changing economic world order is emerging—more multipolar, fragmented, and protected—that is prompting new strategies in the United States to secure technological leadership and advantage in key industries. The essays in this volume outline strategies and pathways forward to help the country regain its edge and achieve a more secure and prosperous future.

      “Priority technologies” refers to those technologies where the development of scientific and technological capabilities is considered strategically important for the country’s national security. The definition of the latter has expanded over time beyond military threats from other states and national defense to include economic security to advance economic growth and prosperity and protect the economy from threats such as the disruption of key supply chains or the loss of critical advanced technological capabilities. Increasingly, national and economic security have merged such that, as many suggest, it is hard to know where an economic interest ends and a national security interest begins. For example, recent efforts to build up US domestic production of semiconductors in the face of supply chain vulnerabilities were driven by both their importance to the national defense and their role in key industries like automotive, where a shortage of semiconductors in 2021 due to the global pandemic contributed directly to a rise in auto prices and increased inflation.

      These technologies are typically characterized by being at the frontier of scientific and technological innovation and thus not easily substituted by other technologies. They also tend to be dual use, with both defense and civilian applications. Finally, the technologies have a global reach, in which both international competition and cooperation elevate interest in their development. All six of the technology areas discussed in this volume align with these characteristics; few would question their importance to national and economic security. But they are by no means exhaustive. For example, nuclear energy or AI, both of which are addressed by MIT researchers elsewhere, could easily have been included. The technologies we focus on here have instead emerged through discussions at MIT that aligned perspectives on the urgent technological opportunities and challenges facing the United States with work being conducted by MIT researchers.

      While the title of the book is Priority Technologies, the technologies are presented within the broader context of priority industries. In some cases, there is significant overlap between technology

      
        Cross-Cutting Themes

        
        
        
        
        
        
        
        
          	•	Supply chain resilience. Supply chains critical to the country’s national and economic security are vulnerable to geopolitical and other threats. Both companies and countries are investing in greater supply chain resilience through increased transparency, connectivity, and sourcing diversification and redundancy. For the United States, improving supply chain resilience requires investing in domestic production capacity to address security issues but also building greater resilience in regional and global supply chains.

          	•	Manufacturing capabilities and capacity. Rebuilding US manufacturing capabilities and capacity is a foundational issue either directly or indirectly across all of the chapters. In terms of capabilities, increased technology adoption and digitalization, particularly among small and medium-size manufacturers, is an imperative to increase productivity among other goals. With respect to capacity, the US needs to expand its ability to produce at scale, which will benefit from building regional manufacturing ecosystems and “learning by building.” This will be important, for example, as the US looks to increase its drone production from tens of thousands a year to several million.

          	•	Scale-up finance and demand-side strategies. Capital-intensive technologies often require larger amounts of capital investment over longer time horizons to move from the pilot phase to commercial production. US capital markets have historically been interested in “asset light” investments and are thus less interested in providing the growth capital needed to help hardware-based technologies scale. There are signs, however, of increasing investor interest in physical industries as well as experimentation with the use of public funds to catalyze private investment. Equally importantly, federal procurement and support for scale up through demand-side policies can help validate new technologies and accelerate their commercialization.

          	•	Research and development. US global leadership in key technologies and industries requires significant investment in scientific and technological breakthroughs if the United States is to lead globally. The opportunity to leapfrog the current state of play across these technologies occurs only with long-term sustained investment and bold goals that necessarily involve government funding and university research.
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