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General-Purpose Technologies: History, Impact,
and Characteristics

General-Purpose Technologies (GPTs) are transformative innovations that affect the entire economy and
society at large by enabling widespread changes across many industries. They are typically technologies
that continuously improve and spawn complementary innovations, leading to profound shifts in
productivity and ways of life. Throughout history, only a handful of technologies meet this high bar -
notable examples include the steam engine, electricity, and modern information technology, along with
earlier breakthroughs like the printing press (mechanized printing) and even the ancient wheel ' .In the
sections below, we take an inventory of five pivotal GPTs in history - from the invention of the wheel to
electrification and the internet - examining their technical development, their broad impacts on economy
and society, and why they are considered “general-purpose.” A final synthesis then outlines the common
characteristics of GPTs, how they tend to impact society, politics, and economics, and how one can identify
such revolutionary technologies.

The Wheel (circa 3500 BC)

The invention of the wheel in ancient Mesopotamia (around the 4th millennium BC) is often cited as one of
the earliest transformative technologies. The wheel's basic principle - a rotating cylinder on an axle -
sounds simple, but its adoption had sweeping effects on transport, production, and society. Early solid
wooden wheels were used on carts and chariots, enabling people to move goods and travel over long
distances far more efficiently than before. This dramatically broadened trade networks between
communities, allowing artisans to specialize and exchange their goods over larger regions. In effect, the
wheel facilitated the first “supply chains,” so that villages and cities could obtain food and materials from
afar and grow larger without being located next to farms.

Beyond transport, the wheel also contributed to the mechanization of labor. Mounted to fixed platforms,
wheels could translate rotational motion into useful work. For example, animal-drawn wheeled plows and
wheel-based irrigation devices greatly improved agricultural productivity 2 . Rotary motion via wheels
became the basis for early machinery: the potter's wheel sped up pottery production, and much later the
principle of the wheel (rotation and axle) underpinned devices like water wheels and even windmills 2 .In
these ways, the wheel was a foundational technology that found many different uses, satisfying a key
criterion of GPTs (a single generic invention enabling diverse applications).

The societal impact of the wheel was enormous for its time. Easier transportation of goods expanded trade
and cultural exchange across regions, which in turn spurred economic development in ancient
civilizations. It also had a darker side: rulers and armies used wheeled chariots and wagons to project
military power over greater distances, extending the reach of empires and making warfare more mobile.
In summary, the wheel was a general-purpose innovation of antiquity - one that not only improved
productivity in farming and craftsmanship but also restructured trade networks and warfare. Its
widespread adoption across Europe and Asia laid technological groundwork that many later GPTs would
build upon.
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The Printing Press (15th Century)

The development of the mechanical printing press by Johannes Gutenberg in the mid-15th century
introduced a quantum leap in information technology. Printing with movable metal type (combined with
inks and paper) made it possible to mass-produce written material far faster and cheaper than laborious
hand copying. This had a revolutionary impact on knowledge dissemination: with the newfound ability to
inexpensively print books on every imaginable topic, ideas and knowledge that were once scarce could be
replicated and shared widely. As a result, literacy expanded (the number of literate Europeans roughly
doubled with each century after Gutenberg) and information that had been the privilege of elites began
reaching broader segments of society.

The printing press qualifies as a GPT because its uses went well beyond any single domain - it transformed
education, science, religion, politics, and more. Scientific knowledge spread more accurately and
rapidly; for instance, 16th- and 17th-century scientists could share data and findings via printed journals
and books, accelerating the Scientific Revolution. Importantly, printing vastly improved the accuracy and
consistency of information, since each copy of a book was identical - a stark contrast to error-prone hand
copies. This gave scholars reliable reference materials and enabled building upon each other's work
systematically, laying groundwork for modern science.

Social and political impacts were equally significant. Print technology gave a platform to fringe or
previously suppressed voices. Early adopters of the new medium included radical religious reformers,
political pamphleteers, and other thinkers whose ideas challenged the established authorities. The
Protestant Reformation in the 16th century, for example, was turbocharged by printed pamphlets and
Bibles that spread dissenting ideas across Europe. Authorities struggled to control this new flow of
information - censorship became nearly impossible once books could be reproduced in large numbers
and distributed through trade networks. It was often remarked that “printing put an end to the Middle
Ages”: indeed, Enlightenment philosophers like Locke, Voltaire, and Rousseau gained wide readership,
fueling debates about rights and governance that eventually toppled ruling regimes (e.g. the American
and French Revolutions). In economic terms, the printing press also created a new industry (printing and
publishing), while rendering the old profession of manuscript scribes largely obsolete - an early example of
how a GPT can disrupt labor markets even as it creates new ones.

In summary, the printing press was a general-purpose technology that democratized knowledge and
undermined traditional power structures. Its ability to rapidly propagate information led to long-lasting
changes: the rise of mass literacy and education, the spread of scientific and technological innovation, and
the emergence of informed public opinion as a force in politics. These are hallmarks of a GPT: a single
invention leading to wide-ranging spillover effects that permanently alter the trajectory of society 3 .

The Steam Engine (18th-19th Century)

The steam engine was the linchpin of the Industrial Revolution (circa 1750-1850) and is a classic general-
purpose technology often dubbed an “engine of growth.” Early steam engines, such as Thomas Newcomen'’s
1712 design, were developed to pump water out of mines, but subsequent improvements (most famously
James Watt's enhanced engine in the 1770s) made steam power more efficient and versatile. By the early
19th century, steam engines had become powerful prime movers for a wide array of applications: they
powered machinery in factories, drove railway locomotives and steamboats, and enabled deeper and
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more productive mining operations 4 . In essence, steam power provided an abundant, portable source
of mechanical energy that freed industry from reliance on waterwheels, wind, or muscle power.

As a GPT, the steam engine had an economy-wide impact. In manufacturing, steam engines meant factories
no longer had to be built next to rivers for water power - manufacturers could locate in cities or
wherever convenient, using steam to drive their machines. This flexibility contributed to the growth of
industrial cities and concentrated production. Entire new industries emerged (textile mills, ironworks,
railroads) or were revolutionized by steam. For example, in textiles, human- or water-powered spinning
wheels and looms were replaced with steam-powered machinery, massively increasing output and
productivity in cloth production 5 6 . In transportation, the advent of steam locomotives and
steamships shrank distances dramatically - railroads could move goods and people across continents
much faster and cheaper than horse-drawn wagons, integrating national markets. The railway network
itself is often considered a GPT-level infrastructure of the 19th century, made possible by steam power, that
had spillover effects on commerce, migration, and military logistics 3 .

The broader social effects of steam power were profound. It drove a shift from agrarian work to industrial
labor: countless workers left farms for factory jobs in burgeoning cities. This urbanization brought social
challenges and eventually new political demands (such as labor rights and urban public health measures) -
illustrating how a technology can catalyze political-economic change. Steam power also gave technological
advantage to the nations that embraced it. Britain's early adoption of steam engines and mechanized
industry helped make it the world's leading economic and imperial power in the 19th century. Indeed,
historians note that general-purpose innovations like steam often confer strategic advantages: countries
that successfully diffused steam technology across many sectors surged ahead economically 7 .

In quantitative terms, steam power significantly boosted productivity (though with a lag). One study
estimates that steam engines accounted for about 0.3% annual labor productivity growth in the early
1800s - a sizable contribution to economic growth at the time. However, as with many GPTs, the gains
unfolded over decades: early steam engines were inefficient and adopted slowly, so the big productivity
pay-off came later in the 19th century after complementary innovations (better engines, cheaper iron, rail
networks) were in place. This pattern - initial slow impact followed by a later surge - is characteristic of
major GPT-driven industrial revolutions.

Electricity (Late 19th - Early 20th Century)

If steam power drove the First Industrial Revolution, electricity was the key enabler of the Second
Industrial Revolution (circa 1880-1920). The harnessing of electric power (from generators and grids to
motors and light bulbs) transformed industry, transportation, and daily life. Electricity is considered a
textbook GPT: it is a general-purpose energy delivery system that found use in almost every sector of the
economy and kept improving in efficiency over time. The expansion of electric power infrastructure in the
late 19th century allowed factories to adopt mass production methods with assembly lines, enabled new
communications media (telegraphy and telephones), and introduced a host of new consumer and industrial
products.

One fundamental advantage of electricity was its flexibility: power could be generated at a central station
and delivered exactly when and where needed via wires, to run any number of machines or devices on
demand. This vastly improved manufacturing efficiency and paved the way for modern production lines
and automation in factories. Unlike steam engines, which were large and had to run continuously, electric
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motors could be small, individually drive separate tools, and be easily turned on or off. As a result, factory
layouts were revolutionized - no more central drive shafts and belts - leading to safer and more efficient
industrial workflows. Productivity in electrified manufacturing sectors soared in the early 20th century once
firms restructured around the possibilities of electric power.

The technological spillovers from electrification were numerous. In transportation, electricity gave us
electric trams, subways, and later, components of automobiles (electric ignition) and aviation (radio
communication). In communication, the telegraph (1840s) and telephone (1876) were direct applications
of electrical networks, allowing instant long-distance communication for the first time. These innovations
shrank the world, economically speaking - markets became more integrated and information flowed faster,
changing how business and diplomacy were conducted. By the early 20th century, radio broadcasts
(another offshoot of electrical science) began to knit society together in real-time. Even in the home,
electricity had transformative impact: electric lighting extended productive hours after dark, and
appliances like refrigerators and washing machines (in the 20th century) raised the standard of living by
automating household tasks.

Economically, electricity is often credited with a major boost to growth in the early 1900s, analogous to
what steam did a century earlier. As a general-purpose platform, electric power enabled continuous
innovation in products and processes. It also exemplifies how GPT adoption can at first be slow: historians
note that the biggest productivity gains from electrifying industry didn’t materialize until around the 1920s,
a few decades after generators and motors became available, because factories initially just swapped steam
engines for electric motors without reorganizing workflows (“you don’t get big productivity jump until
you re-engineer the factory”). But once those changes took hold, U.S. manufacturing productivity
famously surged. Electrification contributed to the rise of giant industrial enterprises and economic
superpower status for countries like the United States, which led in electric infrastructure and electric
appliance adoption in the early 20th century.

On the societal and political fronts, electrification had wide-ranging effects. It facilitated urban growth
(electric streetcars enabled commuting and city expansion), improved public health (through water
pumping, refrigeration of food, etc.), and even changed leisure (movie projectors, radio entertainment). It
also created new dependencies and policy questions - for example, the need to regulate electric utilities
(natural monopolies) and to ensure rural electrification (addressing urban-rural disparities). In sum,
electricity became an indispensable general-purpose technology of the modern age, analogous in its
ubiquity to what fire had been for prehistoric humans. Its ability to empower nearly every other
technology (from factory machines to communications and computing devices) solidified its role as a
foundational GPT of the 20th century 8 .

Digital Computers and the Internet (20th Century)

The advent of digital computing in the mid-20th century, followed by the rise of the Internet in the 1980s-
1990s, marks the latest major general-purpose technology revolution - often called the Digital Revolution.
Early electronic computers (e.g. ENIAC in 1945) were initially specialized number-crunchers, but over
subsequent decades computing power improved exponentially (per Moore's Law) and computers became
tools applicable to virtually every field. Likewise, the Internet evolved from a defense-research network
(ARPANET) into a global network of networks that today connects billions of people and devices. Together,
computers and the internet form a GPT platform based on manipulating and communicating information at
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high speed. They have radically altered business, science, and everyday life, much as steam and electricity
did in their eras.

As a GPT, information technology (IT) exhibits all the key traits: it is pervasive (used across all industries
and by consumers), it has seen dramatic performance improvements (e.g. cheaper and more powerful
chips, higher bandwidth networks), it enables complementary innovations (software, digital services, Al,
etc.), and it has massive spillovers. By introducing automation and data processing into workflows,
computers have boosted productivity in sectors like finance, manufacturing (via CAD/CAM and later
robotics), logistics, and research. The Internet, by enabling instantaneous communication and data
exchange worldwide, has restructured commerce (e.g. e-commerce, online marketplaces), media and
entertainment, and even government services. According to economic analyses around the year 2000, the
diffusion of internet technology was expected to produce significant cost savings in many sectors of the
economy and faster productivity growth, as firms could streamline supply chains, cut transaction costs,
and reach larger markets. Indeed, in the late 1990s and early 2000s, many advanced economies
experienced a surge in productivity growth partly attributed to IT adoption (often referred to as the “IT
productivity paradox” resolving itself).

The societal impact of digital GPTs is difficult to overstate. The Internet has globalized information flow,
allowing individuals anywhere to access knowledge and communicate in real time. This has empowered
social movements and new forms of community - from the rapid coordination of citizen protests via social
media, to the creation of global open-source software collaborations. At the same time, it has disrupted
older media and raised challenges like misinformation and privacy concerns, showing the double-edged
nature of powerful GPTs. Culturally and politically, the digital revolution has shifted how we work and
interact: for example, online platforms have altered industries (streaming in entertainment, e-books in
publishing), and enabled new business models (the “platform economy” of ride-sharing, e-commerce, etc.).
Politically, control of digital infrastructure and expertise has become a geopolitical asset; nations leading in
computing and internet technologies (like the US in the late 20th century) gained economic and military
advantages. By contrast, societies that lag in digital adoption risk falling behind - echoing the pattern with
earlier GPTs like electricity and steam, where late adopters had to play catch-up.

It's important to note that the full effects of the digital GPT wave are still unfolding. Just as electricity and
internal combustion engines reconfigured the world in the early 1900s, AI and advanced computing
(extensions of the digital revolution) continue to drive change today. But even by the end of the 20th
century, computers and the internet had clearly demonstrated the hallmark of GPTs: they enabled other
innovations across the board (from biotech to finance to education) and became entrenched as essential
infrastructure for modern life. They also illustrated another GPT pattern: initial productivity paradoxes -
for example, the “productivity slowdown” of the 1970s, partly attributed to the time needed to learn and
reorganize around computers - followed by substantial gains once the technology diffused and
complementary investments (like software, skills, and business process changes) were made.



Characteristics and Societal Impact of General-Purpose
Technologies

Looking across these historical examples, General-Purpose Technologies share several defining
characteristics that set them apart from more ordinary innovations:

* Pervasiveness: A GPT is used across many sectors of the economy and society. It isn't confined to
one industry - instead, it becomes a core input or enabling factor for diverse activities. (For example,
electricity powers everything from factories to homes to communication networks; the internet
connects all industries.) This wide usability means GPTs eventually underlie a large share of
economic activity.

Continuous Improvement: GPTs tend to have significant scope for improvement and evolution.
Early versions may be crude or limited, but the technology improves over time and these
improvements propagate to all the applications. For instance, early steam engines were inefficient,
but successive enhancements made them viable for more tasks; similarly, semiconductor technology
kept improving, boosting computing power exponentially. This characteristic ensures that GPTs
increase in performance and decrease in cost, driving further adoption.

Many Applications: By definition, a GPT has many different uses and spawns complementary
innovations. It is a “platform” upon which other inventions and processes are developed. The
printing press led to newspapers, scientific journals, and modern education systems; the internal
combustion engine led to cars, trucks, airplanes, and mechanized agriculture. A GPT is like a general
toolset that innovators in various domains can harness for their specific needs.

Spillover Effects: GPTs create spillover innovations and productivity gains beyond their original
purpose. They often require the invention of new infrastructure and complementary systems - and
these, in turn, can benefit society in unforeseen ways. For example, the spread of electricity required
building power grids and wiring cities, which then enabled appliances and electrified transit. The
internet’s spillovers include things like the World Wide Web and online payment systems, which were
not part of the original network design but emerged later and unlocked new economic
opportunities. Spillovers also include intangible benefits like improved human capital (e.g. new skills
to use the technology).

Transformational Impact (Social and Economic): A GPT is transformative: it has the potential to
drastically alter social structures and economic paradigms. These technologies don't just make existing
processes a bit faster; they tend to enable qualitatively new ways of doing things. The societal impact
is often compared to a “revolution.” GPTs can raise productivity growth rates of economies (often
after an adjustment period) and thereby accelerate growth in living standards. They also can
reshape daily life (consider how electric light extended waking hours, or how smartphones - a
product of the digital GPT - have changed daily communication). At a national level, adopting GPTs
has been critical for economic power: historically, nations that quickly embraced and diffused GPTs
(like Britain with steam, or the U.S. with electricity and IT) gained competitive advantage, whereas
those that lagged saw relative decline 7 .
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+ Disruption and Adaptation: Despite their long-run benefits, GPTs are often disruptive in the short
run. They can render old skills, jobs, or industries obsolete (e.g. handweavers were displaced by
power looms, scribes by printing, switchboard operators by automatic telephone exchanges). This
can cause social and political turbulence - the Luddite movement of 19th-century England is a
famous example of workers violently resisting mechanization 9 10 . Furthermore, productivity
statistics often initially lag during a GPT revolution because society needs time to reconfigure itself
to fully exploit the new technology. For instance, factories had to be reorganized to capitalize on
electricity, and businesses had to adopt new practices to leverage computers. Economists describe
this as the productivity J-curve: an initial slow or negative impact while learning costs and retooling
are incurred, followed by a significant productivity boost once complementary innovations and
human capital catch up. Over time, the labor market also adapts: while some jobs are destroyed,
new categories of jobs emerge that were previously unimaginable (e.g. software developer,
automobile mechanic, data analyst, etc., in their respective eras).

Requirement for Complementary Infrastructure and Co-invention: GPTs typically demand
parallel developments in infrastructure or systems to unlock their full value. The steam engine
needed quality iron and coal mining and eventually rail tracks; electricity needed grids and appliance
inventions; the internet needed telecom networks, protocols (like TCP/IP), and later data centers and
user-friendly software. This means identifying a GPT often involves looking at a cluster of
innovations and figuring out which one is the fundamental enabler. It also means that, from a policy
or business perspective, supporting the ecosystem around a GPT (skills training, standards,
infrastructure investment) is crucial to reap its benefits.

Long Time Horizons: Finally, GPT-driven transformations play out over decades, not just a few
years. While an invention may appear at a specific date, its broad diffusion and impact can span
generations. This long horizon is a clue when identifying GPTs: if a technology’'s effects seem to
continually expand over a very long period (and it keeps finding new applications long after its
invention), it is likely a GPT. For example, the internal combustion engine was invented in the 19th
century, but its general-purpose impact (cars, airplanes, motorcycles, chainsaws, generators, etc.)
unfolded across the 20th century. Even today, we still see new ramifications (e.g. climate change
from fossil-fuel engines, and the push to reinvent this GPT with electric vehicles).

In terms of impact on society, politics, and economics, general-purpose technologies tend to
reconfigure power dynamics and social organization. They often lead to economic restructuring -
sectors rise and fall in importance. The workforce must acquire new skills, and education systems
eventually pivot to prepare people for GPT-enabled industries (for instance, mass education expanded in
the 19th century in part to fill the need for literate, skilled industrial workers; computer literacy and STEM
education surged in the late 20th century for the IT era). Politically, GPTs can shift the balance of power:
those who control or master the new technology (be it nations or companies) gain influence. The printing
press wrested some control over knowledge away from church and feudal authorities and empowered a
literate middle class, altering governance and civic life. The telegraph and radio enabled new forms of
military and colonial control but also faster news that informed public opinion. The internet today
challenges traditional media gatekeepers and enables transnational movements - a government's
information monopoly is much harder to maintain. Thus, GPTs frequently force policy adaptations: from
early patent laws and censorship regimes for print, to antitrust law in the age of industrial mass production,
to data and privacy regulations in the digital age.
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From a broad viewpoint, one can identify a general-purpose technology by asking a few key questions:
Does this innovation have extremely wide applicability, well beyond the context in which it originated? Is it a
“platform” upon which many other innovations can build? Is its adoption followed by pervasive changes in
the economy (productivity, new industries) and society (work patterns, urbanization, communication)? And
does it exhibit continual improvement and evolving use-cases over a long period? The historical GPTs we've
discussed all clearly meet these criteria. For instance, the steam engine began in mines but went on to
power factories and transport of all kinds; electricity started with lighting and ended up powering every
appliance and machine; the computer started as a calculator and is now at the core of virtually every
modern system from cars to hospitals. Technologies that meet these criteria - transformative scope,
versatility, improvement, and spillovers - are the true GPTs that drive era-defining changes in human
history.

Finally, it's worth noting that GPTs are relatively rare. Many important inventions (such as the automobile or
airplane) had huge impacts but were themselves enabled by deeper GPTs (the engine, electricity, etc.) and
did not transform every sector. True general-purpose technologies come around only so often, but when
they do, they set in motion cascades of change. As history shows, harnessing a GPT has been key to
economic development and social progress - but it also comes with challenges of adaptation. Societies that
recognize and invest in the spread of a GPT position themselves to reap enormous long-term benefits,
whereas those that resist or fail to adapt face stagnation ' 7 . Each of the five GPTs profiled - from the
wheel to the internet - exemplifies how a single technological breakthrough, amplified across myriad uses,
can irreversibly propel humanity into a new age.
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