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Abstract 

In this article, I explore the idea of ‘directed technological change’. Although it has its intellectual origins in 
early twentieth-century economic thought, the idea was largely ignored in the decades that followed. This only 
changed recently, when contemporary economists adopted and reworked the idea, applying it to some of our 
great challenges: from climate change to the impact of AI on work. In what follows I explore the history of the 
idea, set out its modern theoretical form and practical relevance, before closing with important limitations: 
technical, political, and moral. 
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I. The history of the analysis of technological change: direction and 

amount 

The possibility that technological progress might have a ‘direction’—that it might be biased to- 
wards particular factors of production—is present in early formal models. So too is the idea 
that this direction might be the outcome of deliberate choice, i.e. that technical progress might 
be ‘directed’. Consider the ‘neoclassical production function’, a cornerstone of macroeconomic 
modelling ( Susskind, 2022 ) . Here, the economy is captured by a single function that describes 
how different factors combine to produce output: 

Y = A3 F ( A2 K , A1 L ) ( 1) 

It was recognized early on that technological change can have three different ‘directions’: it can 

make labour more productive, known as ‘labour-augmenting’ technological change ( A1, Harrod,
1948 ) ; it can make capital more productive, known as ‘capital augmenting’ technological change 
( A2, Solow, 1956 ) ; and it can do both ( A3 , Hicks, 1932 ) . Moreover, there was interest in what 
determines this direction. The discussion of what can cause technological change to take a partic- 
ular form is often said to have begun with John Hicks in the 1930s. ( Hicks used the term ‘induced 

technical change’ rather than ‘directed technological change’.) In The Theory of Wages, he argues 
that: 

A change in the relative prices of the factors of production is itself a spur to invention, and to 

invention of a particular kind—directed to economising the use of a factor which has become 
relatively expensive … [W]e need to distinguish two sorts of inventions. We must put on one 
side those inventions which are the result of a change in the relative price of the factors; let us 
call these ‘induced’ inventions. The rest we may call ‘autonomous’ inventions. ( Hicks, 1932 , pp. 
124–5) 
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Thus Hicks not only claims that technological progress might have a particular direction—i.e. that 
it might ‘economize in the use’ of a particular factor—but he also identifies what might determine 
that direction—‘a change in the relative price of the factors’. Put another way, Hicks articulates 
for the first time how the incentives that individuals face in the market might shape the sorts of 
technologies that get developed and adopted. 

However, despite the power of Hicks’ original observation, the idea of directed technological 
change lay dormant in economic thought during the second half of the twentieth century, as did 

the idea that this direction might be determined by deliberate choice in response to economic 
incentives. Instead, the analytical focus was on understanding the aggregate quantity of techni- 
cal progress that takes place in an economy, rather than its nature: on the amount of technical 
progress ( i.e. the magnitude of A) , rather than its direction ( i.e. whether A1 , A2 , or A3 ) and the 
determinants of that direction. 

To an extent, this focus in economic thought—towards the amount of technological progress, 
rather than its direction—is understandable. Robert Solow and Trevor Swan, in a series of influ- 
ential articles on economic growth published in the late 1950s, had drawn the field’s collective at- 
tention to the importance of technological progress for sustaining the growth process. It was tech- 
nological progress, they claimed, rather than the accumulation of capital, that had proved capable 
of overpowering the process of diminishing returns that, according to the classical economists, 
had kept humankind stuck in a ‘stationary state’ ( Solow, 1956 , 1957 ; Swan, 1956 , 1960 ) .1 There 
was thus much work devoted to showing that the level of economic growth was determined by the 
amount of technological progress ( see, for example, Maddison ( 2001) , an attempt to understand 

growth—and the lack of it—during the last millennia) . 
But, inspired by Solow and Swan, this work treated all technological progress as exogenous. It 

thus left a big explanatory hole: where the technological progress came from. And, more than that, 
what direction did the progress take—i.e. in what way was the progress biased, what determined 

that bias? 
In fact, much of this early work was hampered by the use of a Cobb–Douglas production 

function. If that functional form is used to underpin a regression designed to identify the effect 
of technical progress on economic growth analysis of the causes of economic growth it will not 
be possible to use the data to determine the direction which technological progress has actually 
taken. That is to say, it will not be possible to distinguish whether the progress is due to an increase 
in A1 , A2 , or A3 .2 

During the later part of the twentieth century, economists began to fill the hole left by Solow–
Swan framework. Various attempts to endogenize the aggregate process of technological progress 
followed. To begin with, Lucas ( 1988) looked to the labour market: people could not only invest in 

traditional capital, as in Solow–Swan, but also in human capital, and as people gradually became 
more productive, that could offset the diminishing returns; Romer ( 1986 , 1990 , 1992 , 1993 ) 
generalized Lucas’s insight, shifting focus from the world of tangible objects to the intangible 
world of ideas, and exploiting their peculiar property of non-rivalry in consumption. ( After all, 
what is ‘human capital’ but ideas stored in the heads of human beings.) Then, at the turn of the 
century, models followed that saw ‘creative destruction’, the productivity-improving jostling of 
rival innovators, as key ( Grossman and Helpman, 1991 ; Aghion and Howitt, 1992 ) . 

Although their approaches differed, these economists still shared a common ambition: 
to provide a deeper explanation for the amount of technological progress that might take 
place. To be clear, there were important exceptions, where economists explored the direc- 
tion of technological progress and its determinants, as well as the amount of technologi- 
cal progress. There were, for example, direct responses to Hicks ( 1932) : Bloom ( 1946) ar- 
gued that the value of the factor price ratio was important in determining the direction 

of technological progress, not only changes in it; Salter ( 1966) and Kennedy ( 1964) argued 

1 ‘Malthus disclosed a devil’, wrote John Maynard Keynes, and ‘for half a century all serious writings held that Devil 
in clear prospect’ ( Susskind, 2024 ) . 

2 That is simply because the production function takes the form Y = A3 ( A2 K) α ( A1 L) ( 1–α) in which case the effect on 
output of an increase in A2 of a particular amount has the same effect as an increase of A3 raised to the power α, and 
similarly the effect on output of an increase in A1 of a particular amount has the same effect as an increase of A3 raised 
to the power ( 1–α) . 
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that the direction of technological progress could be determined by firms developing technologies 
for other ends other than economizing on the use of the most expensive factor. In turn, there 
were debates about the role of relative factor endowments in determining the capital intensity of 
technological progress in the US relative to the UK during the nineteenth century ( for instance, 
Rothbarth, 1946 ; Habakkuk, 1962 ; Temin, 1966 ; Clarke and Summers, 1980 ) and more careful 
studies of the role of factor prices in shaping technological progress ( see Acemoglu ( 2003) on 

Kennedy ( 1964) , Samuelson ( 1965) , Drandakis and Phelps ( 1965) ) . 
But by and large, interest in technological progress focused on endogenizing explanations for 

the amount, rather than the direction, of the process. This is not simply an interesting detail of 
intellectual history. It matters because some of the most insightful—and influential—stories that 
contemporary economists have developed about the impact of technological progress appeal to 

the fact it has a particular direction, that it has a specific bias: ‘for many problems’ explored 

by economists, wrote Daron Acemoglu, ‘whether technical change is biased towards particular 
factors is of central importance’ ( Acemoglu, 2002 ) . And yet, despite that importance, the deeper 
determinants of those biases tended to be left entirely unexplained, the direction of technological 
progress left exogenously determined just as the amount of technological progress had been in 

the past. 
To see this omission in practice, consider the ‘skill biased technical change’ ( SBTC) thesis. Un- 

til recently, this dominated economic thought about the impact of technological progress on the 
labour market. ( This literature is large: see Bound and Johnson, 1992 ; Goldin and Katz, 1998 , 
2008 ; Bekman et al., 1998 ; Autor et al., 1998 ; Card and Lemieux, 2001 ; Acemoglu, 2002 .) This 
thesis was developed in response to an empirical puzzle: that the wage of college educated work- 
ers relative to high-school educated—the so-called ‘skill premium’—was rising in many labour 
markets in the second half of the twentieth century, despite the increase in the relative supply of 
the former. How to explain this phenomenon? The SBTC thesis argues that technological progress 
had a particularly direction: specifically, it was biased towards skilled workers. New technologies, 
like the personal computer and the software that came with it, required skilled workers to put 
them to effective use, raising the relative demand for their efforts. 

Yet a key question remains for the SBTC thesis: why was technological progress skill-biased? It 
need not be that way: indeed, at different moments in economic history technological progress has 
exhibited different biases. During the Industrial Revolution in Britain, for example, technological 
progress benefited unskilled rather than skilled workers: new technologies were ‘de-skilling’, mak- 
ing it easier for less-skilled people to produce the high-quality output that would have required 

more skilled workers in the past ( Susskind, 2020 a ) . This explanatory gap did not go unnoticed 

in the literature. But the attempts to provide deeper explanations for the biases were themselves 
not deep enough. David Autor et al. ( 2003) , for instance, focused on this omission: 

A wealth of quantitative and case-study evidence documents a striking correlation between the 
adoption of computer-based technologies and the increased use of college-educated labor within 

detailed industries, within firms, and across plants within industries. This robust correlation is 
frequently interpreted as evidence of skill-biased technical change. Yet, as critics point out, this 
interpretation merely labels the correlation without explaining its cause. It fails to answer the 
question of what it is that computers do—or what it is that people do with computers—that 
causes educated workers to be relatively more in demand. ( pp. 1279–80) 

And in response, the authors introduced the important ‘Autor–Levy–Murnane’ thesis ( ALM for 
short) to provide an explanation: in short, they argued, new technologies substituted for human 

workers at ‘routine’ tasks but complemented them at ‘non-routine’ tasks—and the latter tended to 

be performed by high-skilled workers. But despite the explanatory power of the ALM thesis, it too 

was vulnerable to the authors’ original complaint: it failed to answer why the sorts of technolo- 
gies that were developed at the time were biased towards performing ‘routine’ rather than ‘non- 
routine’ tasks at that moment. There was only one sort of technology in the model—‘computer 
capital’—with a price that declined exogenously, and a bias towards performing particular tasks 
( i.e. ‘routine’ ones) that was also set exogenously, based on the authors’ understanding of how 

it was that computers at that time must work ( i.e. in order to automate a task, a machine had 
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to follow explicit ‘rules’ that reflected the precise steps that a human being would also have to 

follow to perform the same task, see Susskind ( 2016 , 2019 ) ) . Put differently, it failed to explain 

the determinants of the direction that technological progress appeared to exhibit. 

II. The modern analysis of directed technological change 

At the turn of the twenty-first century, the concern with the direction of technological progress 
was reborn, and new determinants for that direction were identified. The idea of ‘induced techno- 
logical change’ was picked up and refined, under the stewardship of Daron Acemoglu ( Acemoglu,
1998 , 2002 , 2007 , 2010 , and Acemoglu et al., 2012 ) . To begin with, the concept was renamed 

‘directed technological change’, as it is known today. This was not simply an exercise in rebrand- 
ing: it was a more appropriate label, capturing not only that technological progress could have 
a particular direction, or bias, but—importantly—that this progress could be directed, actively 
turned towards a specific bias ( Susskind, 2024 ) . This latter point is particularly important for 
thinking about how this concept might inform practical policy-making—an observation I return 

to in a moment. 
More formally, Acemoglu provided missing micro-foundations for the direction of technolog- 

ical progress, showing how it could be determined by choices taken by profit-maximizing firms. 
Imagine a setting where a firm is deciding to invest to develop new technologies, each of which 

complements a particular factor, making them more productive. What determines which technolo- 
gies get developed, and the direction of technological progress as a result? Acemoglu’s argument 
is that it is the relative profitability of those different technologies that matters. In turn, two con- 
flicting forces determine the relative profitability of different technologies: a ‘price’ effect, which 

creates an incentive to develop technologies that are used to produce more expensive goods; and 

a ‘market size’ effect, which creates an incentive to develop technologies that have a larger market 
( see Acemoglu, 2002 ) . 

This theoretical account helped to clarify ambiguities that had characterized earlier discussions 
of the direction of technological progress, set out before. To begin with, it addressed the histori- 
cal disagreements about the determinants of which technologies are adopted: this work showed 

it was not primarily the factor price ratio or its value, for instance, as earlier explorations of the 
determinants of the direction of technological progress had suggested, but the relative profitabil- 
ity of the different technologies that are available. In turn, it showed that, while relative factor 
endowments were important in determining relative profitability, there was an interesting inde- 
terminacy: the ‘price’ effect strengthened the incentive to develop technologies that economize 
on the use of scarce factors ( for that scarcity is what makes the goods expensive) ; the ‘market 
size’ effect to develop technologies for the abundant factors ( for that abundance is what creates 
a bigger market for the technology) . 

With the idea of directed technological change more carefully developed, it was then applied 

in three different ways. 
The first was the labour market: to explain the fact that, at different moments in time, techno- 

logical progress—as noted before—had exhibited biases towards different factors, complement- 
ing low-skilled workers in the late eighteenth and early nineteenth centuries and complementing 
high-skilled workers in the second half of the twentieth century ( Acemoglu, 1998 , 2002 ) . The 
SBTC thesis explanation of the latter had been that new technologies exhibited an exogenously- 
given bias towards skilled workers. But the directed technical change account was different: the 
increase in supply of skilled workers in the twentieth century endogenously created ‘a tendency 
for new technologies to be skill biased’ ( Acemoglu, 2002 ) . In turn, directed technical change could 

also explain the fact that technological progress had been biased in the opposite direction at the 
start of the Industrial Revolution: the development of deskilling technologies ‘coincided with a 
substantial change in relative supplies… a large migration of unskilled workers from villages and 

Ireland to English cities’. And so, at that time there was an incentive for profit-maximizing firms 
to develop new technologies that put these unskilled workers to ever-more productive use. 

The second domain in which the idea was applied was the environmental setting ( see, for in- 
stance, Acemoglu et al., 2011 , 2012 ) . Here, progress was taken to exhibit a bias towards either 
‘dirty’ or ‘clean’ technologies. And importantly, the focus was less on explaining the direction of 
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progress in the past—as in the labour market before—and more on shaping the direction in the 
future: ‘[a] satisfactory framework for the study of the costs and benefits of different environ- 
mental policies’, write the authors in the working paper, ‘must therefore include at its center- 
piece the endogenous response of different types of technologies to proposed policies’ ( Acemoglu 

et al., 2011 ) . The policy implications were clear: in the absence of intervention, existing incen- 
tives would direct technological progress in a ‘dirty’ direction, but with the right interventions—
environmental regulation, carbon taxes, profit taxes, research subsidies—it was possible to change 
those incentives in such a way that progress could be redirected in a ‘clean’ direction. What’s 
more, this intervention would only need to be temporary, because once the ‘clean’ technologies 
were sufficiently established, new technologies would continue to be developed in that direction. 

And the third domain was the international setting, where the idea was used, in a variety of 
ways, to explain differences in the adoption and development of new technologies across different 
countries. 

One important use is historical: for some, notably Allen ( 2009 a , b , 2011 ) , directed technolog- 
ical change not only provides a powerful explanation for why the Industrial Revolution began 

but why it was British ( rather than, say, German, French, or Flemish) . Allen’s account begins with 

the observation that Britain faced a distinctive set of factor prices—wages were ‘remarkably high’ 
relative to other countries and energy was ‘remarkably cheap’—and that, in turn, created a unique 
set of economic incentives for British industrialists: to develop technologies that saved on expen- 
sive labour and exploited cheap energy. The result was that, in Britain, technological progress 
was biased towards the labour-saving, energy-intensive innovations that started the Industrial 
Revolution—the steam engine, spinning jenny, roller spinner, power loom, and so on. 

Other uses of the idea in the international setting are more contemporary: for example, directed 

technological change is used to explain not only why certain countries adopt particular technolo- 
gies, but also why others do not. For instance, it provides a revealing account for why Japan 

today is a world-leader in nursing robotics: they have one of the largest elderly populations in 

the world, and a historical antipathy towards foreign migrants working in their public services, 
which together creates a strong incentive to develop technologies that can perform healthcare 
tasks like Paro, a therapeutic robotic seal, and Robear, a machine capable of lifting immobile 
patients ( see Susskind, 2020 a ) . But the idea also explains why certain developing countries, for 
instance, might not adopt existing technologies that have promoted development in other places—
as with Britain’s rivals in the early moments of the Industrial Revolution, they cannot be ‘forced’ 
to adopt technologies if the economic incentives to use them are not right. 

III. Policy implications 

And so, to summarize. The early literature showed the importance of technological progress in 

driving growth. However, this process, despite that importance, was left exogenous, entirely unex- 
plained. In time, though, efforts were made to provide an endogenous account of how the amount 
of technological progress was determined. In much the same way, this literature also showed the 
significance of the bias of technological progress in determining its impact. But again, despite 
this, the factors affecting these biases were taken as given, left unexplained. And in response, af- 
ter yet more time, efforts were made to provide an endogenous account of how the direction of 
technological progress was determined—this is directed technical change. 

This new account of how the direction of technological progress was determined was important 
from a technical point of view, as noted. But it is also significant from a practical point of view. The 
first reason for this significance is the simplest: this work establishes the fact that that technological 
progress has a direction. All too often, when political leaders talk about technological progress, 
and the economic growth associated with it, the implicit metaphor they have in mind imagines the 
economy as a train: policy-makers can try to push down on the lever and increase technological 
progress or pull back on the lever and try to slow it down, but the rails themselves are fixed, and 

the direction of travel is taken as given. Take, for instance, Dorling ( 2021 , p. 2) , when setting out 
his worries about growth slowing down: 

Imagine that you have spent your life on a speeding train and you suddenly feel the brakes being 
applied. You would worry about what was about to happen next. Now imagine that not just you 
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but all the people you know… have lived on that very same speeding train, and that the train 

has been accelerating for virtually all of their lives. An era is ending. 

But that is not the right metaphor for thinking about technological progress. A better alternative 
is a nautical one ( Susskind, 2024 ) . Policy-makers are better thought of as being akin to sailors 
in a boat: they can choose to pull up the sail and go faster or pull it down and go slower, but 
they can also change their direction of travel. It may be particularly important to change their 
direction of travel if—suddenly—it appears that they are heading towards some rocks at the edge 
of an island which they had not known about. 

The second practical contribution, alongside showing that technology has a direction, is show- 
ing how policy-makers can actively shape that direction of travel. By endogenizing the direction 

of technological progress and showing how that direction emerges from the profit-maximizing 
behaviour of individuals, this literature highlighted the importance of incentives in shaping the 
direction of travel. And most importantly, these incentives are not fixed features of economic life 
that must be taken as given but can themselves be shaped through interventions—changes to taxes 
and subsides, laws and regulations, and social cultures and norms ( Susskind, 2024 ) . 

To see the idea of directed technological change in practice, consider its recent application in 

thinking about the impact of technological progress on the labour market. Broadly, new technolo- 
gies are thought to have two distinct effects on work. On the one hand, a technology substitutes 
for human workers when it displaces them from particular tasks, reducing the demand for them 

to perform those activities. This, when it happens, is relatively easy to see. On the other hand, a 
technology complements human workers when it raises the demand for them to perform other 
unautomated tasks. This latter helpful effect is more difficult to identify than the harmful one, in 

part because it can work in a variety of different ways. ( Susskind ( 2022) explores the history of 
this distinction in detail, parsing the different ways it can work.) For the purposes of this paper, 
though, I proceed with the simple account: that the substituting force reduces the demand for 
human workers to perform particular tasks, and the complementing force increases the demand 

for human workers to perform other unautomated tasks. Looked at in this way, it follows that 
the aggregate impact of technological progress on the demand for human labour depends on the 
balance between these two rival forces ( Susskind, 2016 , 2020 a , 2020 b , 2020 c , 2022 ) . 

For a long time in the economic literature, the conventional wisdom was that technological 
progress would have a benign impact on the labour market. Take, for instance, the SBTC the- 
sis from before, which dominated economic thought with respect to the effect of technological 
progress in the labour market in the second half of the twentieth century. In the so-called ‘canon- 
ical’ model, which provided the formal foundations for the SBTC thesis, it was not possible for 
new technologies to make any workers worse off, in absolute terms ( i.e. real wage falls were 
infeasible) : all workers would be made better off, but some would be made better off than others. 

Put more generally in terms of the two fundamental forces, the view was that the helpful com- 
plementing force would tend to overwhelm the harmful complementing force: ‘[j]ournalists and 

even expert commentators,’ wrote David Autor in 2015 when explaining why there are still so 

many jobs despite the periodic bursts of anxiety about the threat of automation that have taken 

place since modern economic growth began, ‘tend to overstate the extent of machine substitution 

for human labor and ignore the strong complementarities between automation and labor… [that] 
augment demand for labour’ ( Autor, 2015 ) . 

However, in recent years, a change of heart has taken place in the economic literature—from 

blinkered optimism to a creeping pessimism ( Susskind, 2019 , 2022 ) . In large part, this is driven 

by remarkable advances in the capabilities of new technologies, and the fact that many tasks 
which were thought to be out of reach of automation—and, in particular, so-called ‘non-routine’ 
tasks like driving a car and making a medical diagnosis—can now be automated. At its most 
optimistic, the literature is more agnostic about the impact of automation, uncertain about the 
balance between the substituting and complementing force; at its more pessimistic, there is a 
recognition that ‘excessive automation’ may now be under way, that the balance between the two 

forces is suboptimal from a social point of view ( Acemoglu and Restrepo, 2019 , 2020 ; Acemoglu,
2021 ) . 
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Figure 1: Effective taxes in the US, 1981–2018 ( in %) . Source : Acemoglu et al. ( 2020) in Susskind ( 2024) . 

In response, there has been a surge of interest in the possibility of changing the direction 

of technological progress with respect to the labour market. If the risk is that new technolo- 
gies might substitute for workers too much, and complement workers too little, then by chang- 
ing the economic incentives that individuals face in economic markets it might be possible to 

change the direction of technological progress as well—encouraging the development of tech- 
nologies that complement, rather than substitute for workers ( see, for instance, Acemoglu and 

Johnson ( 2023 a) for a recent statement of these ideas) . More specifically, the proposal is that 
the state can intervene with the toolkit set out before—taxes and subsidies, laws and regu- 
lations, social norms and customs—to weaken the incentives that encourage the development 
of technologies that reduce the demand for human workers, and strengthen those that do the 
opposite. 

To see this in action, consider the first of the three sets of tools—taxes and subsidies. In the 
US, in every year since 1981, the effective tax rate on human ‘labour’ has been far higher on 

‘structures’, ‘software’, or ‘equipment’ ( Acemoglu et al., 2020 , in Susskind, 2024 ) . This is shown 

in Figure 1 . 
According to certain economists, the practical implication of the trend captured in Figure 1 

is that the ‘US tax system is biased again labor and as a result generates excessive automation 

and suboptimally low levels of employment and labor share’ ( Acemoglu et al., 2020 ) . And so, 
if this is right, there is an opportunity for the state, by intervening to change these relative tax 

rates—and, in certain cases, introducing an ‘automation tax’ on the use of capital to perform 

tasks in which labour retains the comparative advantage—to improve welfare. ( Acemoglu et al.
( 2020) use a task-based model to show that, in theory, the optimal tax rate on capital and labour 
depends on the inverse supply elasticities of capital and labour as well as any labour market 
frictions, and then derive the theoretical conditions under which an ‘automation tax’ is opti- 
mal; using ‘plausible ranges for the elasticities of the capital and labor supply and estimates 
of labor market distortions’ for the US, they argue that welfare in the US would rise with such a 
tax.) 
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Figure 2: Error rate of the winning system in the ImageNet contest. Source : Susskind ( 2020a) . 

Or consider another set of tools that policy-makers can use to shape the incentives that peo- 
ple face with respect to the development of new technologies in the labour market: social norms 
and customs. As others have noted, a distinctive feature of the field of computer science is that 
the benchmark for success in most domains is human parity ( see Acemoglu and Johnson, 2023 a ; 
Susskind, 2024 ) . That is how technology companies tend to talk about their goals: from Deep- 
Mind’s ambition to ‘solve intelligence’, to Facebook’s hope of building ‘human-level AI’. This is 
how progress is monitored: from the Stanford AI Index to the Electronic Frontier Foundation’s 
AI Progress Measurement Project, the comparative standard is human performance. And this is 
how competition in the field is organized. To see this, consider, the ImageNet Contest, an annual 
event where leading computer scientists competed to build systems that could identify objects in 

an image more accurately than human beings ( Susskind, 2020 a ) . Progress in the competition is 
shown in Figure 2 . 

There are three significant observations to make about Figure 2 . The first is the impressive 
progress than was made from 2010 in reducing the error rate of the winning system. The second 

is that, in 2015, the winning system outperformed human beings for the first time—and then 

improved its performance further in 2016 and 2017. But the third is that the data come to an end 

in 2017. This is because the competition was stopped. The benchmark was human parity: that 
was achieved in 2015 and, after some small improvements, the collective attention of the field 

moved on to other tasks. 
Yet one might ask what the consequence of this pervasive human parity benchmark is likely 

to be on the field—and, more specifically, whether it encourages researchers to develop technolo- 
gies that substitute for human workers ( i.e. dropping below that human error rate in Figure 2 ) or 
complement for human workers, pursuing some other non-human benchmark: ‘The dominant in- 
tellectual paradigm in today’s digital tech sector,’ write Daron Acemoglu and Simon Johnson, ‘is to 

attain human parity in a vast range of cognitive tasks… This intellectual focus encourages automa- 
tion [substation] rather than the development of human-complementary technologies’ ( Acemoglu 

and Johnson, 2023 b ) . But it is possible to change the benchmark for success, and shape the direc- 
tion of technological progress as well: suppose, for instance, that state-support research bodies 
commit to only funding projects that set out to develop technologies that complement, rather 
than substitute, for human workers. 

And so, the idea of directed technological progress presents a new set of possibilities for policy- 
makers. Alongside the traditional preoccupation with increasing the amount of technological 
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progress that takes place—how to get more of it—it provides a formal framework for thinking 
about influencing the quality of technological progress—how to change its direction—as well. In 

this section, I have explored its practical consequences from the point of view of automation and 

the labour market. But it is important to note that the basic insight—that it is possible to shape 
the incentives that people face and, in turn, change the direction of technological progress—
applies in other domains as well. The opportunity is not simply to direct technological progress 
with respect to the threat of automation, or indeed the climate as before, but with respect to 

other things that we might value—to pursue, for instance, new technologies that support our 
political institutions rather than degrade them, or nurture local places and communities rather 
than undermine them ( the prospect of redirecting technological progress in other domains is the 
focus of Susskind ( 2024) ) . 

IV. The limitations of policy 

The idea of using policy to influence the way in which technical change is directed has great 
promise. However, it also faces substantial limitations. These tend to be underexplored by the 
idea’s promoters. And in this section, I want to capture two of the most important types of limi- 
tations: the technical and the political. 

The technical limits to directed technical change reflect the fact that, while in theory it is plau- 
sible to believe that one can clearly distinguish between the different causes of technological 
progress, in practice those sorts of demarcations are extremely hard to make. And to see this 
in action consider, again, the impact of technological progress on the labour market. Here, the 
starting point for those who want to redirect technological progress is the tight conceptual dis- 
tinction between those technologies that substitute for human workers, reducing the demand for 
their efforts, and those that complement human workers, increasing the demand for their efforts 
at unautomated tasks. However, there are both ex ante and ex post difficulties in making this 
distinction. 

The ex ante technical difficulty is clear: it is hard to predict whether a technology will help 

or harm workers. Indeed, even those technologies that, before adoption, might have appeared 

to have a straightforward effect in either direction, have not turned out that way. Take, for ex- 
ample, the automated teller machine, or ATM. This is a technology that was intended to dis- 
place bank tellers from the task of handing over cash ( this case study is set out in Susskind 

( 2020 a) ) . They became very common, over a short period of time: in the US, for instance, 
the number of ATMs more than quadrupled from the late 1980s to 2010. One might have 
reasonably expected ex ante a substantial fall in the number of tellers working in American 

banks. Yet in practice, the number of tellers rose during the same period in the US, by as much 

as 20%. 
Why was the ex ante expectation that ATMs would substitute for human workers mistaken? 

Because ATMs also complemented workers, albeit in a spread of harder to discern ways: freeing 
up tellers to focus on other services like face-to-face support and financial guidance, which may 
have boosted demand through better service; reducing the cost of running branches, allowing 
banks to draw more demand through lower prices; contributing in part to the productivity gains 
that not only increased US incomes, leading to more demand for financial services and the remain- 
ing tellers ( Susskind, 2020 a ) . All of these channels are plausible, but they are hard to disentangle. 
( This case also points to another technical difficulty: that a single technology can have both help- 
ful and harmful effects at the same time, since some are direct effects and the others are more 
indirect.) 

The ex post technical difficulty with technical change which is directed in a particular way is a 
subtler one: the impact of a new technology—in this case, whether it helps or harms workers—
can change over time. Consider another technology, the sat-nav systems ( Susskind, 2020 a ) . In 

the beginning, these appeared to complement human workers: helping drivers to get from A to B 

more efficiently and to navigate on entirely unfamiliar roads. But this helpful property will only 
remain the case so long as human beings remain in the driving seat. In a world of driverless cars, 
these technologies will have reinforced the effect of software that has displaced human drivers, 
hurting them instead. 
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The history of chess playing provides another illustration of the ex post technical difficulty. 
In 1997, the world chess champion, Garry Kasparov, was beaten by a computer system owned 

by IBM, known as Deep Blue. But this famous victory did not herald the end of human chess 
playing, substituting for human beings at the task as some of the more pessimistic might have 
imagined. Instead, it turned out that a good human player, working in a team with this sort of 
chess-playing machine, could beat any chess-playing machine operating alone: in short, this new 

technology appeared to complement human beings, making them even better at the task of playing 
chess. Kasparov approvingly called this ‘centaur chess’. ( And from this case, he drew an ill-fated 

conclusion for thinking about the impact of technological progress across the entire economy.) 
Today, though, Kasparov’s centaur is no more. Chess-playing machines, such as AlphaZero, are 
so capable that human players add nothing to any potential partnership ( Susskind, 2020 a ) . In 

short, what began as a technology that complemented good human players now substitutes for 
them. 

Alongside these technical limits, are the political ones: that even if it were possible to make 
ex ante distinctions between the different effects that a new technology might have, and even if 
there were ex post stability with respect to those effects, it might nevertheless still not be feasible 
to implement them in practice. The challenge of climate change captures this limitation. Here, 
technological progress, as noted before, can exhibit a bias towards either ‘dirty’ or ‘clean’ tech- 
nologies: the promise of directed technical change is that policy-makers can change the incentives 
that individuals face and, as a result, encourage the development of the latter not the former. 
However, the limitation with this broad idea is far less to do with the technical limits, and far 
more to do with political ones. 

For some time, policy-makers have had a spread of possible interventions at their disposal 
which could in theory reduce emissions sufficiently to meet basic climate ambitions: for instance, 
a carbon tax that properly captures the damage done by emissions—estimated at around $100 

per metric tonne by 2030—would be enough to avoid catastrophic climate change. Put in terms 
of the idea of directed technological change, a strong enough incentive would help to redirect 
technological progress, away from dirty technologies to clean ones. Yet in practice, political lead- 
ers have not adequately adopted it, or other complementary interventions. And the reason they 
have failed is not because it is hard to distinguish between clean and dirty technologies or, in turn, 
that this distinction is unstable over time, but for political reasons: a combination of insufficient 
domestic political will—those individuals damaged by this transition have been too powerful, and 

inadequate international cooperation—those countries damaged by this transition have also been 

too powerful. 
The result is that, in most countries, the strategy with respect to addressing the challenge of 

climate change is some combination of mitigation , using the tools at our disposal to try and 

redirect technological progress, but also adaption , recognizing that the political constraints on 

action limit our collective capacity to respond to the challenge in practice as theory demands. 
Though this distinction—between mitigation and adaption—is often appealed to in the setting of 
climate change, it is nevertheless a useful way of thinking about the consequence of the fact that 
our capacity to deal with the challenges presented by technological progress is limited as well. 

V. Conclusion: to what goal? 

In this paper, I have explored the idea of directed technological change: its history, its modern 

form, its practical relevance and usefulness, and its technical and political limitations. However, 
there is one significant issue that I have not explored: the possibility of redirecting technological 
progress begs a deeper question—in what direction should we heading? ‘But in contemplating any 
progressive movement,’ wrote the philosopher John Stuart Mill, ‘the mind is not satisfied with 

merely tracing the laws of the movement; it cannot but ask the further question, to what goal?’ 
( Mill, 1848 ) . In closing, I want to explain why this issue—about ultimate ends, or goals—is so 

important. 
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In certain cases, there may be agreement about what those ultimate ends ought to be: avoiding 
catastrophic climate change, for instance, is likely to be an end that most people would agree 
upon as a sensible shared goal. And so, with that in mind, it follows that we should do what 
we can to redirect technological progress in that direction. But for other challenges presented by 
technological progress, the ultimate end that we ought to be seeking is far less clear. 

Consider, for instance, the impact that technological progress has on the labour market. When 

leading economists explore the challenge of ‘excessive automation’, there is often an assumption—
at times explicit, but often implicit—that we ought to avoid a world with less work for people 
to do ( Susskind, 2023 ) . This view—that there exists a healthy relationship between work and 

meaning—contrasts with the traditional view of work in the formal economic literature, where 
the textbook model of individual labour supply instead assumes that work is necessarily a source 
of disutility, and that effort is only provided in return for a compensatory wage. But in public 
commentary, the opposite view is often articulated. 

Why? Because work is not simply considered by them to be a source of income—which could 

be provided to those without work through a new redistributive mechanism—but because it is 
also taken to be a unique source of meaning and purpose: ‘[m]ost economists are concerned about 
how we allocate jobs and underneath that concern lies a belief that work matters independently 
of the earnings that are generated by the work’ ( Stevenson, 2019 ) . 

One can see this belief more clearly in the public commentary provided by leading economists: 
David Autor, for instance, has stated that ‘[i]dleness is a terrible thing’ whereas ‘[w]ork gives 
people’s lives structure and meaning’; Daron Acemoglu, has argued that ‘it is good jobs, not 
redistribution, that provides people with purpose and meaning in life ( Autor in Wellisz, 2017 ; 
Acemoglu, 2019 ) . 

For those who agree with these economists—that work is a unique source of meaning and 

purpose—it follows that a world with less work is not an ultimate end which we ought to wel- 
come: we might be able to provide displaced workers with an income through a new redistributive 
mechanism, the argument goes, but we can never replace that lost sense of meaning and purpose. 
If that is right, then it follows that we ought to try to redirect technological progress in such a 
way that individuals are encouraged to develop new technologies that complement, rather than 

substitute for, human workers, redirecting technological progress towards a world with sufficient 
work. 

However, there are likely to be many others who may not share the same beliefs as these 
economists. Suppose you are suspicious of the conflation of work and meaning: you might take 
strength, for instance, from polling which suggest that most people do not gain a sense of mean- 
ing or purpose from their paid work ( in the US, for instance, only 50% say they get a sense of 
identity from their job) ; or, alternatively, that many people can and do seek meaning outside of 
paid work ( in the UK, for instance, 15 million people actively volunteer, about half the total num- 
ber of paid employees; Susskind ( 2021) ) . And with that in mind, you may find the prospect of a 
world with less work far more attractive: we could not only provide an income to those without 
work through redistribution, but also provide richer opportunities to find meaning and purpose 
through other valuable activities. 

The point here is not to take a position on the relative merits of these positions with re- 
spect to the desirability of a world with less work. Instead, it is to show that reasonable people 
might disagree on whether such a world is an end that we ought to pursue, and direct tech- 
nological progress towards, or to avoid, and turn technological progress away from. Most im- 
portantly, the same indeterminacy about which ends we ought to value is likely to characterize 
many other challenges presented to us by technological progress. Deciding what ends we collec- 
tively ought to value, and how we ought to weigh up competing ends, introduces some of the 
hardest questions that we can ask one another. They are likely to invite immense disagreement. 
But they are, in the final analysis, exactly the sorts of questions with which we must grapple if 
we are to take the idea of using policy to direct technological change seriously—as indeed we 
should. 
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