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Abstract 

Bart van Ark’s paper highlights that Europe’s productivity performance depends on 
the interaction of investment, innovation and diffusion rather than on a choice 
between frontier innovation and technology adoption. In this discussion I assess his 
framework through the case of artificial intelligence. I argue that Europe’s ability to 
turn AI into productivity growth depends on four complementary conditions: sufficient 
compute and energy infrastructure, reliable access to frontier models, organisational 
and intangible investment within firms, and an environment that supports new 
products and scalable business models. AI also adds a strategic dimension to 
productivity policy because compute, chips, models and data affect economic 
security, defence and public administration. Europe therefore needs an integrated 
strategy combining diffusion, investment, organisational transformation and selective 
technological sovereignty. 

1 Introduction 

Europe’s weak productivity performance has become one of the defining economic 
policy challenges of the past two decades. The widening productivity gap relative to 
the United States, the slowdown in business dynamism, and growing concern that 
Europe is falling behind in key digital technologies have renewed interest in the 
determinants of long-run productivity growth (Draghi, 2024). Much of this debate has 
been framed around a central question: should Europe strengthen frontier innovation 
or improve the diffusion of existing technologies? Bart van Ark’s paper makes an 
important contribution by arguing that this framing is too narrow. Rather than treating 
innovation and diffusion as competing policy priorities, he develops an integrated 
framework in which productivity growth depends on the interaction between 
investment, innovation, and diffusion across firms, sectors, and regions. 

The paper brings together several strands of the productivity literature that have 
often evolved separately. It links frontier innovation, technology diffusion, and 
investment, particularly in intangible assets, into a single framework. Innovation 
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requires complementary investment, diffusion depends on firms’ absorptive capacity, 
and productivity reflects the interaction of these processes. The resulting systems 
perspective shifts attention from individual technologies towards the broader 
mechanisms through which technological advances translate into economic 
performance (Van Ark, 2026). 

This perspective has important policy implications. Rather than viewing investment, 
innovation, commercialisation, adoption, and organisational capabilities as separate 
policy domains, the paper suggests they should be understood as parts of a 
common productivity system. This provides a useful conceptual lens through which 
to analyse Europe’s productivity challenge. 

The paper’s discussion of artificial intelligence provides a particularly useful 
opportunity to assess the explanatory power of this framework. Foundation models 
are becoming widely available, AI adoption has accelerated rapidly, yet aggregate 
productivity gains have so far remained modest (e.g., Acemoglu, 2025, and Bick, 
Blandin and Deming, 2026). This apparent disconnect raises the question of whether 
productivity gains simply require time to materialise, consistent with the productivity 
J-curve (Brynjolfsson, Rock and Syverson, 2021), or whether the more fundamental 
constraint lies in firms’ ability to reorganise production, invest in complementary 
intangible assets, develop managerial capabilities, and redesign business 
processes. AI therefore provides a particularly informative setting in which to 
examine how technological advances translate into productivity growth. 

The discussion proceeds in two parts. The first highlights what I regard as the 
paper’s principal contribution and discusses two implications that emerge from its 
analysis. The second uses the case of AI to examine the explanatory power of the 
proposed framework. In this part I ask whether Europe’s current AI trajectory is 
consistent with the mechanisms identified by van Ark and what this means for its 
potential to boost productivity in Europe. 

2 Van Ark’s Framework and Its Implications 

The central insight of van Ark’s framework is that sustained productivity growth 
depends on the interaction between investment, innovation, and diffusion. 
Technological progress alone is therefore not sufficient. Productivity depends on the 
extent to which new technologies are commercialised, adopted, and combined with 
complementary investments throughout the economy (Van Ark, 2026). 

This perspective provides two important insights. First, it rejects the familiar frontier-
versus-diffusion dichotomy that has shaped much of the recent policy debate. A 
narrow focus on frontier innovation overlooks the fact that most productivity gains 
arise within existing industries rather than from entirely new sectors. Conversely, a 
pure diffusion strategy neglects the role of a strong technological frontier in 
generating learning opportunities, specialised suppliers, managerial talent, and 
venture capital ecosystems. Innovation and diffusion are therefore best understood 
as complementary rather than competing processes. 
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Second, the paper links technological progress to productivity through investment 
and organisational capabilities. Its distinction between frontier innovation, 
commercialisation, dissemination, and firm-level adoption identifies several points at 
which the productivity process may break down. Scientific discoveries may fail to 
reach the market; commercially available technologies may diffuse only slowly; and 
firms may adopt new technologies without using them productively because they 
lack the necessary organisational capabilities. Investments in software, data, 
management, organisational capital, and skills therefore complement technological 
innovation by strengthening firms’ capacity to translate technological opportunities 
into productivity gains. 

Van Ark’s paradigm has further implications. One concerns the diagnosis of Europe’s 
productivity problem. One of the paper’s most striking findings is that more than four-
fifths of the productivity gap between the euro area and the United States is 
explained by weaker productivity growth within industries rather than by differences 
in industrial structure (Van Ark, 2026). This shifts attention away from the 
composition of Europe’s economy towards the performance of firms operating within 
broadly similar sectors. It also reinforces one of the paper’s central messages: 
Europe’s productivity challenge cannot be addressed simply by strengthening a 
small number of frontier industries. The larger opportunity lies in improving firms’ 
ability to adopt, adapt, and exploit existing technologies. Policies that strengthen 
diffusion, absorptive capacity, and complementary investment should therefore 
occupy a central place in Europe’s productivity strategy. 

The framework also suggests a natural way of interpreting Europe’s early experience 
with artificial intelligence. It implies that productivity gains from AI will depend not 
only on technological advances themselves, but also on firms’ ability to make 
complementary investments in software, data, skills, management, and 
organisational capital. This raises the question of how the currently modest 
productivity effects of AI should be interpreted. One explanation is provided by the 
productivity J-curve, according to which firms require time to make the necessary 
complementary investments before productivity gains become visible in aggregate 
statistics (Brynjolfsson, Rock and Syverson, 2021). At the same time, recent work 
points to the importance of complementary organisational investments and 
innovation complementarities as drivers of longer-run productivity gains from AI 
(Aldasoro et al., 2026). These perspectives are closely related but place different 
emphases on the sources of Europe’s productivity challenge. The J-curve focuses on 
the timing of productivity gains, whereas the complementary-assets perspective 
emphasises firms’ ability to redesign production processes, reorganise work, and 
integrate AI effectively into their operations. 

This distinction is particularly relevant for Europe. If the main constraint is simply 
adjustment over time, productivity gains may emerge as firms accumulate 
experience with AI. If, however, complementary organisational investments are the 
binding constraint, Europe’s productivity performance will depend less on access to 
frontier AI models than on firms’ ability to reorganise production and integrate AI into 
their business processes. The following section examines whether Europe’s early 
experience with AI is consistent with the mechanisms identified in the framework. 
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3 Artificial Intelligence as an Important Test of Van Ark’s 
Framework 

More than any previous digital technology, AI simultaneously engages all the 
elements of his productivity system. It accelerates frontier innovation, requires 
substantial investment in both tangible and intangible assets, and generates 
productivity gains only to the extent that firms successfully integrate it into their 
production processes. AI is therefore not simply another digital technology. It 
provides a unique opportunity to observe the interaction between investment, 
innovation, and diffusion while these processes are still unfolding. 

Much of the current debate has focused on the magnitude of AI’s potential 
productivity effects. Estimates range from comparatively modest aggregate gains 
(Acemoglu, 2025) to substantially larger long-run effects driven by innovation and 
complementary investments (Aghion and Bunel, 2024). Van Ark’s framework 
suggests that the more informative question concerns the conditions under which 
these gains can be realised. The following discussion therefore examines four 
dimensions that emerge naturally from this setting: investment in compute and 
energy infrastructure, reliable access to frontier models, organisational adoption 
through complementary intangible assets, and the creation of new products and 
business models. 

3.1 Compute and Energy: Investment as a Precondition for Innovation 

The framework highlights investment as a necessary complement to innovation. AI 
illustrates this relationship particularly clearly because computational capacity has 
itself become a strategic production factor. Training and deploying advanced AI 
models requires data centres, specialised chips, reliable electricity, digital 
infrastructure, and substantial financial resources. Unlike many earlier software 
innovations, AI therefore depends on large-scale physical investment before 
productivity gains can emerge. 

Compute infrastructure is a natural example of the complementary assets 
emphasised throughout the paper. Without sufficient computational capacity, both 
frontier research and downstream adoption become constrained. Firms require 
reliable and scalable access to computing resources not only to develop frontier 
models but also to integrate AI into products, services, and production processes. 
The availability of compute therefore shapes incentives to undertake the 
complementary organisational investments that ultimately determine whether AI 
translates into productivity growth. 

Europe enters the AI compute race from a comparatively weak position. While it 
accounts for roughly one fifth of world GDP, it hosts only around five percent of 
global AI computing capacity (Pilz et al., 2025). This asymmetry matters because it 
affects not only frontier research but also downstream innovation. Firms 
contemplating long-term investments in AI-based products and production processes 
need confidence that computing resources will remain available at predictable cost. 
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Where compute is scarce or access remains uncertain, incentives to invest in 
complementary organisational change become weaker. 

The same logic extends to energy infrastructure. Modern AI data centres require 
reliable electricity supplies, upgraded transmission grids, and considerably faster 
permitting procedures (International Energy Agency, 2025). AI policy therefore 
cannot be separated from infrastructure policy. The productivity effects of AI depend 
not only on advances in algorithms but also on complementary investments in 
energy systems and digital infrastructure. AI thus illustrates that the investment 
dimension of van Ark’s framework extends well beyond R&D. 

3.2 Reliable Access to Frontier Models: Connecting Innovation and 
Commercialisation 

A second implication of the framework concerns the relationship between frontier 
innovation, commercialisation, and diffusion. AI illustrates why this distinction is 
economically important. 

Today, the technological frontier is concentrated in a small number of firms, 
predominantly located in the United States (Meeker et al., 2025). European firms 
increasingly build applications on foundation models developed elsewhere. From a 
productivity perspective, this is not necessarily problematic. Countries have always 
specialised at different stages of technological development, and Europe need not 
replicate every part of the AI value chain in order to benefit from AI. 

However, dependence on external frontier technologies also creates a new form of 
uncertainty. Access conditions, pricing, licensing arrangements, and potential export 
restrictions are determined largely outside Europe. Firms investing in AI-based 
business models therefore face uncertainty not only about future demand or 
technological progress but also about continued access to the frontier technologies 
on which their own investments depend. 

Viewed through the lens of Bart van Ark’s framework, commercialisation is not simply 
the transition from laboratory research to marketable products. It also requires stable 
institutional conditions that give firms the confidence to undertake complementary 
investments. Reliable access to frontier technologies therefore becomes part of the 
innovation system itself by shaping firms’ willingness to invest in the organisational 
and intangible assets needed for widespread diffusion. 

This suggests a policy objective that differs from technological self-sufficiency. 
Europe does not need to replicate the entire US AI ecosystem. Rather, it needs 
reliable and predictable access to frontier models together with sufficient domestic 
capabilities in strategically important applications. For most commercial applications, 
open access combined with strong downstream capabilities is likely to be 
economically efficient. 

In areas such as defence, critical infrastructure, and public administration, however, 
considerations of sovereignty may require domestic frontier capabilities. This is 
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particularly acute if access to foreign frontier capabilities becomes the subject of 
geopolitical controversy. To avoid such risks, developing and maintaining such 
frontier capabilities within Europe needs to be high on the policy agenda. 

3.3 Organisational Adoption: Diffusion through Complementary Assets 

Van Ark’s framework places particular emphasis on diffusion through complementary 
investment. Artificial intelligence suggests that this may be the dimension in which 
the explanatory power of Bart van Ark’s framework is greatest. AI adoption is often 
discussed as if access to the technology itself were the principal bottleneck. The 
emerging empirical evidence points in a different direction. 

Recent surveys indicate that AI adoption has expanded rapidly across firms. Yet 
intensive use remains comparatively rare. While around 70 per cent of euro-area 
firms report some use of AI, only a small minority have integrated it deeply into their 
core business processes (Lopez-Garcia, 2026). This distinction is crucial. Occasional 
use of generative AI tools may improve individual tasks without materially affecting 
firm-level productivity. Sustained productivity gains require much deeper 
organisational transformation. 

Van Ark’s framework proves particularly useful here. Technological advances 
generate productivity gains only when accompanied by complementary investments 
in organisational capital, management quality, workforce skills, and digital 
capabilities. Firms do not become substantially more productive simply by giving 
employees access to ChatGPT or similar tools. Productivity increases when 
workflows are redesigned, responsibilities reorganised, data systems integrated, and 
managerial practices adapted to exploit the new technology. 

Recent empirical evidence reinforces this interpretation. Much of the observed 
productivity premium associated with AI disappears once complementary 
organisational capabilities are taken into account (Calvino et al, 2026). Likewise, 
differences in management quality explain a substantial share of firms’ ability to 
adopt and benefit from new technologies (Bloom et al., 2019). Organisational capital 
therefore appears to be not merely complementary to AI adoption but one of its 
principal determinants. 

This perspective also helps interpret the discussion in the previous section. The 
productivity J-curve remains an important explanation for the currently modest 
aggregate productivity effects of AI (Brynjolfsson, Rock and Syverson, 2021). 
However, Europe’s experience suggests that the complementary-assets perspective 
may be particularly relevant. Recent work emphasises that complementary 
organisational investments are likely to play a central role in determining AI’s long-
run productivity effects (Aldasoro et al., 2026). Many firms still lack the managerial 
and organisational capabilities needed to transform technological opportunities into 
productivity gains. If this diagnosis is correct, policies that strengthen management 
quality, organisational capabilities, workforce skills, and complementary intangible 
investment become central elements of AI policy. 
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3.4 Beyond Efficiency: AI and the Creation of New Products 

Van Ark’s analysis also helps illuminate a broader question about the sources of 
productivity growth. Historically, general-purpose technologies have generated their 
largest economic effects not simply by improving existing production processes but 
by enabling entirely new products, services, and business models (Bresnahan and 
Trajtenberg, 1995). Electricity transformed manufacturing through new production 
methods, and the internet created entirely new industries rather than merely 
reducing communication costs. 

The same distinction is likely to prove important for AI. Much of the current 
discussion focuses on process efficiency, for example, automating customer service, 
assisting software development, or reducing administrative costs. These applications 
undoubtedly matter. Yet the larger long-run gains can be expected where AI enables 
products, services, and business models that previously did not exist. 

This observation builds naturally on the framework. As firms adopt AI and reorganise 
production, they frequently discover entirely new products, services, and business 
models. Diffusion therefore becomes not merely the spread of existing technologies 
but also a process of entrepreneurial experimentation and innovation. 

Whether Europe succeeds along this dimension depends on many of the conditions 
emphasised throughout the paper, including venture capital, firm scaling, market 
integration, and competitive product markets. Europe’s comparatively weak venture 
capital ecosystem, fragmented digital markets, and persistent scale-up gap reduce 
incentives to pursue more radical AI-enabled business innovation (Draghi, 2024). 
The risk is therefore not that Europe fails to adopt AI, but that it uses AI primarily to 
improve existing production while new products and globally scalable business 
models emerge elsewhere. 

3.5 Responsibilities in Overcoming Constraints 

The preceding discussion identifies several bottlenecks that currently limit Europe’s 
ability to translate AI into productivity growth. An important question is therefore who 
bears responsibility for overcoming these constraints? Much of the policy debate 
naturally focuses on governments. Public policy undoubtedly plays a central role in 
providing digital and energy infrastructure, strengthening competition, improving 
access to finance, investing in skills, and creating regulatory conditions that 
encourage innovation. Yet the framework developed by van Ark points to a broader 
conclusion. The complementary investments that ultimately determine productivity 
growth are undertaken not primarily by governments but above all by firms 
themselves. Whether AI translates into sustained productivity gains therefore 
depends importantly on managerial decisions, organisational change, 
entrepreneurial experimentation, and firms’ willingness to invest under uncertainty. 

This suggests that Europe’s productivity challenge is also a problem of political 
economy. Managers of established firms often face incentives to protect existing 
business models rather than undertake disruptive organisational change. Workers 
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and unions understandably seek to preserve existing jobs and work practices. 
Politicians respond to electorates that frequently value stability more highly than 
experimentation and that may underestimate the intensity of global technological 
competition. None of these incentives is irrational in isolation. Taken together, 
however, they may slow the process of creative destruction through which general-
purpose technologies generate sustained productivity growth (Aghion, Akcigit and 
Howitt, 2014; Aghion and Bunel, 2024). The challenge is therefore not simply to 
make AI available, but to create an economic environment in which firms are willing 
to redesign organisations, reallocate resources, and pursue riskier but potentially 
more productive business strategies. 

A second challenge concerns financial scale. The complementary investments 
discussed throughout this paper are extraordinarily capital intensive. Frontier AI 
requires unprecedented expenditure on compute infrastructure, specialised chips, 
data centres, software, and complementary organisational capabilities. US 
technology firms command financial resources that exceed those of almost all 
European competitors, allowing them to invest simultaneously in frontier research, 
infrastructure, and commercialisation (Meeker et al., 2025). This difference reflects 
not only the size of individual firms but also deeper capital markets and a venture-
capital ecosystem capable of financing high-risk investment at scale (Draghi, 2024). 
Even European firms that recognise the opportunities created by AI may therefore 
struggle to compete if access to risk capital remains limited and European capital 
markets remain fragmented. Improving framework conditions alone will not fully 
close this gap. Europe must also strengthen its capacity to mobilise private capital on 
a scale consistent with the investment requirements of frontier technologies. 

Seen from this perspective, Europe’s AI challenge extends beyond technology policy. 
It is not simply a question of producing more innovation or diffusing existing 
technologies more rapidly. It is equally a question of whether firms, investors, 
workers, and governments are collectively prepared to undertake the organisational, 
financial, and institutional transformation required by a new general-purpose 
technology. AI is likely to reward economies that combine technological capability 
with ambitious investment, organisational adaptability, and a willingness to embrace 
creative destruction. These characteristics describe an innovation system as a whole 
rather than the responsibilities of governments alone. 

4 Conclusion 

Van Ark’s paper makes an important contribution by showing that productivity growth 
cannot be understood through innovation, investment, or diffusion in isolation: these 
elements form an integrated system, and weaknesses at any stage can prevent 
technological advances from translating into sustained productivity growth. Artificial 
Intelligence provides the first major empirical test of this framework, and the 
evidence reviewed here is broadly consistent with its central message. Europe’s 
challenge lies not simply in developing or adopting AI, but in combining technological 
opportunities with complementary investment, organisational transformation, and 
broad-based diffusion. 
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The AI experience further shows that this framework has implications extending 
beyond productivity analysis. Compute infrastructure, frontier models, data, and 
specialised chips have become strategic assets whose importance reaches well 
beyond economic growth, increasingly shaping cyber security, defence capabilities, 
critical infrastructure, public administration, and geopolitical influence. Dependence 
on foreign AI infrastructure or frontier technologies therefore creates new forms of 
strategic vulnerability that traditional productivity analysis has rarely had to consider. 

This broader perspective also reshapes how Europe should think about its 
innovation strategy. The objective is neither technological autarky nor complete 
dependence on external providers, and Europe does not need to replicate every part 
of the global AI ecosystem. It does, however, require reliable access to frontier 
technologies together with domestic capabilities in strategically important parts of the 
AI value chain, while strengthening the complementary capabilities that ultimately 
determine whether firms throughout the economy can use AI productively. 
Productivity policy, industrial policy, infrastructure policy, security policy, and foreign 
policy are therefore becoming increasingly interconnected. 

Seen from this perspective, van Ark’s paper matters beyond the current debate on 
European productivity. It offers a framework for understanding how general-purpose 
technologies generate economic value through the interaction of investment, 
innovation, and diffusion, and AI illustrates both the explanatory power of this 
paradigm and the scale of the challenge facing Europe. Success will depend not only 
on technological leadership or rapid diffusion, but on Europe’s ability to mobilise 
complementary investment, organisational transformation, entrepreneurial 
dynamism, and strategic ambition across the economy. In this respect, van Ark’s 
systems perspective complements the Schumpeterian view advanced by Aghion and 
Bunel (2024): sustained productivity growth depends not only on technological 
breakthroughs themselves, but on an innovation system capable of translating those 
breakthroughs into widespread economic transformation. Europe’s challenge is 
therefore not merely to invent the future, but to organise itself to benefit from it. 
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