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Welcome to the Spring 2020 Babbage Forum Newsletter
The 5th Babbage Forum explored
the nature of the much-discussed
Industry 4.0 movement and its implications for industry and policy.
The capability concepts introduced
in earlier meetings were further
developed supported by a contribution from Lord Sainsbury based
on his forthcoming book, “Windows
of Opportunity”.
In a departure from previous meetings a series of workshops then
explored four themes: Supply, Skills, Technology and Policy,
which had emerged in previous meetings as essential dimensions in the development of industrial strategies. These sessions
were informed by contributions submitted by Babbage group
members ahead of the meeting.
The role of supply and place were highlighted as important
‘spatial’ aspects of strategy requiring an understanding of key
local economic actors and their relationships and the nature of
local innovation systems.
Skills are widely acknowledged as central to the delivery of
industrial policies particularly as they control the rate at which
new technologies can be implemented.
Technology developments attracted particular interest not least
because of the difficulty of assessing the impact of such rapidly
emerging technologies as AI and machine learning.
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The discussion about policy principles highlighted the
need for clearer frameworks for industrial strategy
development capable of assessing, in a more granular way, the role of production while addressing the
societal impacts of industrial policies.
The workshops provided detailed inputs to the medium term aim of providing new ‘frameworks which
can assist policymakers in the formulation of industrial strategies’ - one of the key Babbage aims.
Over the coming year the emerging frameworks will
be further developed in consultation with international partners. We are keen to attract the broader participation in the Babbage endeavour and to this end a
prize competion will seek to provide opportunities for
younger scholars to contribute.
As ever we will be pleased to hear from colleagues
from across the disciplines who share an interest in
the more systematic development of industrial strategies.
Please get in touch with us at sekyc2@cam.ac.uk if
you would like further information.

Mike Gregory

Fifth Babbage Symposium - A Summary
Summary

This year’s Babbage built on the format of earlier meetings with presentations on key Babbage
themes. Additionally, this year members provided
contributions before the meeting which provided
the foundations for workshop sessions.
The Symposium addressed four main themes:
•

The future and role of manufacturing

•

Elements of Industrial Strategy

•

Frameworks for Industrial Strategy

•

The role of governments

The future and role of manufacturing – characteristics and capabilities
There has being growing interest in the future of manufacturing in the context of intense speculation about
the implication of AI and ‘Machine Learning’. The implications of these and related communications and production technologies are rather poorly understood, even by those with expertise and experience in the fields.
Eoin O’Sullivan addressed the question through a review of the nature of Industry 4.0. This term has become
a shorthand for the likely evolution of advanced manufacturing and, while still poorly defined, provides a framework on which to consider the potential impacts of emerging technologies and their integration. Dr O’Sullivan provided a comprehensive overview of current thinking.
David Sainsbury introduced his theory of production capability which positions manufacturing firmly at the
heart of economic growth. A detailed critique of neo-liberal economics highlights the major omissions and
incorrect assumptions associated with the ‘standard’ economic theories. Lord Sainsbury’s analysis, supported
by empirical evidence and illustrative case examples highlights the need for a much deeper understanding of
capabilities and competitive advantage to enable nations to develop robust industrial strategies. There is a
fuller treatment in Lord Sainsbury’s forthcoming book: Windows of Opportunity.
Elements of Industrial Strategy – supply, skills and technology
Three elements were identified as being essential to any industrial strategy and these were addressed in a
series of Workshop sessions.
Supply, Clusters and Place – addressed the increasing awareness of the significance of access to supply chains

as well as the local characteristics and capabilities of different geographies. The following were highlighted as
essential considerations:
•
•
•
•
•

Mapping of local economic actors and their relationships
Regional innovation system characteristics
Industrial commons/resources/capabilities
Supply chain configurations and capabilities
Relationships between industrial and related policies
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Skills – addressed the continuing challenges of iden-

tifying and developing the skills needed to support
industrial strategies and the demands of emerging
technologies. The following were highlighted as essential considerations:
•
•
•
•

Future skills requirements and approaches to
providing them
Manpower planning and foresighting of future
skills
National systems for qualifications
Required new curricula at all levels

Technology – addressed the challenges of understanding the nature, trajectories and implications of
emerging technologies. It highlighted the importance of regular review of technological capabilities and
their implications. The following were highlighted as essential considerations:
•
•
•
•
•

infrastructural technologies
foresighting and evaluation
value chain/production network frameworks
technology roadmapping
technology readiness frameworks

Frameworks for industrial Strategy – experiences and opportunities
Many countries are revisiting the need for industrial strategies in response to a rapidly evolving economic and technological landscape. The UK has recent experience of Industrial Strategy development which
played a central role in the policy of the last administration. Annette Rusling and Chris Thomas from the UK
Department for Business, Energy and Industrial Strategy (BEIS) provided insights into both the process and
content of the recent strategy highlighting novel approaches that were adopted and outstanding challenges
for policymakers.
A workshop group identified a group of frameworks that might usefully underpin the development of industrial strategies. More work is needed to refine, complete and integrate such frameworks but the following
challenges provide a useful starting point:
•
•
•
•

entering the ‘black box’ of production
aligning the dimensions of the production process and the corresponding levels of co-ordination
identifying the societal challlenges arising from changes in modes of co-ordination
the social implications of evolving industrial systems

The role of Governments
The diverse roles of Governments were explored in some detail for Brazil, China, Germany and Singapore. The individual country approaches are set out later in the newsletter. Threads running through all the
approaches reviewed however included:
•
•
•

awareness of the rapidly evolving nature of manufacturing systems
recognition of the importance of understanding the social context and implications of manufacturing
the dramatic progress and implications of Chinese industrialisation
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The Nature and Implications of Industry 4.0
Based on a presentation by Dr Eoin O’Sullivan
Industry 4.0 as a term has its origin in a report by the German Engineering Academy ACATECH. It seeks to define the impact of emerging digital technologies
and has emerged as a shorthand for modern manufacturing, though without
a settled definition. Industry 4.0 is taken as a continuation of earlier industrial
revolutions as below.

Integration is a common feature of most Industry 4.0 definitions including:
•
•
•

Vertical integration and networked, flexible manufacturing systems
Horizontal integration through inter-firm value chains and networks
End-to-end engineering across the entire product lifecycle / value chain

Industrial and policy interest revolves around the potential of emerging technologies and systems to enhance capabilities and performance including:

- Potential to enhance productivity / growth
and access new markets
- Implications for manufacturing jobs (for high
wage economies)
- Implications for speed to market / flexibility /
competitiveness
- Cost, security & supply constraints, sustainability of natural resources
- Cyber security of industrial systems/utilities
It remains to be seen whether ‘Industry 4.0’ will continue to provide a useful shorthand for the multi-dimensional evolution of manufacturing.
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A production capability theory of economic growth
Based upon a presentation by Lord David Sainsbury

Lord Sainsbury introduced his recently developed production capability theory which
challenges established thinking and offers new insights into the determinants of economic growth.
A central feature of the approach is to identify value-added per capita as a foundation
of economic performance. Value-added per capita is a function of production efficiency AND competitive advantage. The variation in value-added per capita in different
sectors demonstrates the weakness of approaches that aggregate performance across
the economy.
Innovation is highlighted as a fundamental driver of economic growth and
emerges in the context of ‘windows of
opportunity’ and the capabilities necessary to exploit those opportunities.
There are three types of windows of
opportunity:
•
•
•

Technological windows – e.g analogue to digital era in consumer
electronics
Demand windows – e.g.demand for
low-cost cars in India
Institutional windows – e.g.Nokia
exploitation of European GSM standard

There are significant implications for industrial policy including:
• Recognition of innovation as the engine of economic growth (Innovation Report)
• The need for sectoral regional policies aligned with national policy
• Importance of innovation and structural change for regional and city growth
• Requirement to support diffusion of knowledge e.g. Industry 4.0
• The many opportunities to create high value-added jobs through manufacturing
A fuller description of the development of production capability theory is published in Lord Sainsbury’s
latest book, Windows of Opportunity. Lord Sainsbury argues that economic growth comes not as a steady
progress, but as a series of jumps, based on investment in high value-added firms. Because these firms are
engaged in a winner-takes-all competition, rapid growth in one country can indeed come at the expense of
growth in another, contrary to the standard models.
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Future Industrial Systems - Brazil

Based upon a presentation by Professor Luciano Coutinho
Professor Luciano Coutinho gave an overview of the economic evolution of Brazil
through a turbulent period. The country has recently undertaken a major study
into the future options and directions or the economy, Industria 2027. A significant
theme of the report is the importance of support for SMEs and this was the focus of
Prof. Coutinho’s remarks.
The Manufactuing, Management and Business model section of the report explores
linkages between emerging technologies, sectors and applications. The distinction
between productive systems and the chosen sectoral focus provides a level of detail
that can allow greater policy definition.
Data from company surveys indicates the level of automation and integration in industrial systems in 2017 and anticipated in 2027. This has highlighted the digitalisation
of SMEs as a key priority for the country
Leading firms can help SMEs to qualify, but
relevant externalities must be provided by
governamental policies including:
•
•
•
•
•
•

Technical standards and regulations
Industrial and intellectual property
Metrology and technical norms
Applied Research Labs and Test-beds
Interaction with S&T Research Centers
Advancement in Education and Training
(workers, engineers, managers)

Small firms should adopt management software (ERP - enterprise resource planning which can enable
the efficient online integration of:
•
•
•
•
•
•
•

Supplies, orders & inventories;
Production plans & lead time management;
Sales and marketing;
Deliveries and logistics;
Finance, taxation and accounting;
Maintenance;
Relationship with consumers/clients and product development
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Industrial Transformation - Singapore
Based upon a presentation by Professor Arnoud de Meyer
Singapore is widely recognised as having sophisticated processes for the development
of government policy. Professor Arnoud de Meyer has had the opportunity to observe
and be involved in these processes at first hand in his role as President of the Singapore Management University
Professor de Meyer explained the context and background of Singapore as a rich city
state.

With a population of over 5.5m, and a strong infrastructure for both air and sea transport, the GDP per
capita is one of the highest in the world at over £45K p.a. R&D investments at over 3% are also among the
highest in the world. Somewhat unexpectedly the country still regards Manufacturing as a vital part of the
economy and seeks to maintain it at the current 22% of GDP. Advanced Manufacturing is identified as one
of six major pillars of the future economy alongside Aerospace, Precision Engineering, Electronics, Energy &
Chemicals, Marine and Offshore.
For each of these clusters the government defined targets for: Talent needs, Innovation, Productivity improvement, Globalisation.
Implementation of the strategies is overseen by a committee headed by a minister and a business representative.. Transformation maps have been prepared for each sector showing the objectives and enablers for
example aerospace.
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Industrial Transformation - Singapore - continued
Based upon a presentation by Professor Arnoud de Meyer

In the case of manufacturing future investment of S$ 3.2 Billion has been committed involving:
• eight key industrial verticals:
• the six industries in the cluster of manufacturing,
• also in biologics and pharma manufacturing, and medical technology manufacturing
• four cross-cutting technologies: robotics and automation, digital manufacturing, additive manufacturing and advanced materials
The full report can be read at: https://www.a-star.edu.sg/Portals/81/Data/About.A.Star/SERC-board/Report%20on%20FoM%20Initiative.pdf
Central to the plan is heavy investment in continuing education for middle aged managers and technologists, under the leadership of Ministry of Education which involves building ecosystems for education of
skilled workers (e.g. Rolls Royce).
Professor de Meyer emphasised that the unique situation of Singapore meant that its lessons could not
necessarily be translated directly to other countries. Nevertheless there is a direct correlation, if not proven causality between the investments in R&D and manufacturing and the success of the economy.
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Future of Manufacturing - China
Based upon a presentation from Professor Wu Xiaobo
Professor Wu Xiaobo introduced the systematic approach to manufacturing policy development in China. The context is the well-established five year planning cycle which
drives policy across all areas of the Chinese economy and society. Embedded in this
cycle is a four phase process as identified by Chen and Naighton:
•
•
•
•

Agenda setting - followed by a period of ‘fermentation’
Strategic decisions - followed by a period of ‘formulation’
Programmatic policy - followed by a period of ‘specification’
Measure and instructions - followed by a period of ‘implementation’

This process is set out diagramatically below followed by specific policies for R&D below.
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Future of Manufacturing - China - continued
Based upon a presentation from Professor Wu Xiaobo
The policymaking process is underpinned by multiple sources which capture expertise from across the
spectrum from science and technology to international and strategic studies.

It is too early to assess the impact of recent policies but the rise of the electric vehicle industry is an example of what has been achieved in one important area for future development. The chart below shows the
recent development of China’s EV industry which already holds a world leading position with a number of
contender companies.

China’s systematic pursuit of manufacturing capability has led to it becoming the worlds largest manufacturing nation. Internally there is concern that manufacturing is large but not strong and the Manufacturing
2025 report set out to address the performance of manufacturing in key sectors. The plans in Manufacturing
2025 are now being rolled out and work has already begun on the next big study looking forward to 2035.
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Manufacturing Evolution - Germany
Based upon a presentation from Professor Engelbert Westkamper
Professor Westkamper surveyed the evolution of manufacturing in Europe over the
last 50 years beginning with the emergence of numerically controlled machine tools
to the present focus on so-called industry 4.0 and its constitutent technologies.

While there has been a fall in the proportion of GDP generated by manufacturing in all European countries
there has been a growing appreciation of the breadth of manufacturing and the context within which it
operates. It may be that the activities which historically took place within the factory now occur in the wider
system and are not recognised in the GDP figures for manufacturing.
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Manufacturing Evolution - Germany - continued
Based upon a presentation from Professor Engelbert Westkamper

Increasing awareness of the importance of sustainability has led to a focus of attention on the circular economy with efforts being made to retain the utility of materials and systems for a longer life and avoiding
waste. Next chart shows the technical processes associated with this cycle.

The European Manufuture group has a long history of systematic exploration of potential manufacturing
futures and has been very influential in the formation of EU policies. Its most recent report looks ahead
to 2030 and addresses the integration of a broad range of technologies into a coherent research agenda
designed to prepare for the likely demands of future manufacturing.
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UK - Industrial Strategy
Based upon a presentation from Annette Rusling, Chris Davies, BEIS
In 2017 the UK Government embarked upon a major new initiative to develop an Industrial Strategy. The
importance attached to it is indicated by the fact that Industrial Strategy was included in the title of the responsible Government ministry. The initiative was a significant departure from previous practice pursuing a
cross government approach and building on an analysis of previous strategies and a wide consultation with
multiple stakeholders. The published Industrial Strategy is shown here.

Senior officials from BEIS Annette Rusling and Chris Davies introduced the economic rationale for the Industrial Strategy.
The approach adopted to the development of the Industrial Strategy was based on a number of broad principles.
•
•
•
•

We have analytical experience and expertise, but we are not experts
We have to churn through available evidence + advice – to hone in on the key areas to focus on
We draw on analytical teams from across Government but can’t cover everything
What does this mean in practice?

Three examples: Innovation diffusion project, Grand Challenges analysis, IS Dashboard
Novel approaches were developed to provide the underpinning analyses for the Strategy. They include Innovation Diffusion, Grand Challenges and a Dashboard. These examples are shown here.
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UK - Industrial Strategy - continued
Based upon a presentation from Annette Rusling, Chris Davies, BEIS

The Strategy was overseen by an Independent Industrial Strategy Council, chaired by the Chief Economist at the Bank of
England, Prime Minister-led Economic and Industrial Strategy Committee (EISC) and Industrial Strategy Task Force.
[Editors note the future of the Industrial Strategy is unclear following a change of Government]
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Babbage Workshop Sessions - Supply, Skills, Technology
Workshop sessions were organized to explore in greater depth key dimensions of industrial strategy and
consider principles which might underpin the development of robust strategies.
The sessions were organised around three key headings:
•
Key Questions that need to be addressed by industrial strategy
•
Frameworks necessary to structure inputs
•
Main evidence gaps
•
Future Research Questions
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Babbage Workshop Sessions - Supply, Skills, Technology
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Babbage Workshop Sessions - Policies
The policy workshop identified the need for clear principles and comprehensive frameworks capable of
addressing key questions and capturing essential evidence.
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Where next for Babbage?
Green Paper

A key activity for 2019/2020 is the development of a ‘Green Paper’ designed to capture the key themes of
Babbage activities, particularly the key questions and challenges related to industrial strategy and policy.
Ultimately we would seek to distil a ‘Babbage view’ – broadly along the lines of a ‘manifesto’ as discussed
at the last Babbage. The key questions to be addressed are:
•
•
•
•
•
•

What is the purpose of an industrial strategy?
What are the main building blocks of an industrial strategy?
How can future high value opportunity areas for a country be identified?
Is manufacturing still relevant for economic growth and innovation?
What is the relevance of market failures as a guide for policy?
How might industrial capabilities be measured?

Frameworks

A parallel strand of output development involves two frameworks that seek to capture key processes in the
formation of industrial strategies.

The ‘top down’ map takes as its
starting point the high level ‘political’ objectives being pursued by
a government. These high-level
objectives, typically relating to the
economy, education, welfare and
defence, provide a focus for government strategies and policies. The
map seeks to position industrial
strategies and policies within the
broader policy landscape.

The ‘bottom up’ map seeks to capture the
set of activities necessary to establish the
options available to a government seeking
to develop and implement a coherent industrial strategy. It begins with an exploration
of capabilities and competition and proceeds through a more detailed assessment
of feasible policy options and the steps that
would be necessary for their implementation and evaluation.
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Babbage-related Activities
R&D Management. A well-established conference and journal in the field share some interests with the Babbage
Community. While policy matters are not the primary theme of the meetings they are assuming greater significance
Industrial Studies. The industrial studies community has perhaps the greatest commonality of interest with Babbage.
The diverse disciplinary involvement and the focus on deep industry cases provide a model for Babbage style research. Participants in Industry Studies are a primary ‘target’ for the ‘essay’ competition
Atlanta Policy Conference. This biennial meeting attracts a wide cross section of policy interests. The 2019 meeting
addressed a number of topics of interest to the Babbage community including Industry 4.0, Changing Production
Dynamics and Technology Emergence as prominent. Erica Fuchs delivered one of the keynote addresses.
Innovation and Value-Capture Strategies for Economic Growth. This new project based in UC Berkeley and led by
Bruce Guile and David Teece has emerged from Babbage deliberations about innovation and growing international
interest in how innovators can capture value in the context of very dynamic international relationships. The Berkeley
innovation project is conducting a detailed examination of potential future innovation structures from the perspectives of universities, Industries and governments. Initial findings will be presented at the next Babbage Meeting

Participants in 2019 Babbage Symposium
Dr Antonio Andreoni Economics, SOAS, UK
Professor Tateo Arimoto Science and Technology Policy,
GRIPS, Tokyo
Professor Patrizio Bianchi Science and Education, EmiliaRomagna, Italy
William Boone Bonvillian Workforce Education Project,
MIT, MIT Office of Learning, US
Professor Luciano Coutinho Former President of the
Brazilian Development Bank, Brazil
Professor Arnoud de Meyer Singapore Management
University
Professor Thomas Durand Strategic Management, Cnam,
Paris, France
Professor Sir Mike Gregory Engineering, Symposium Chair,
Cambridge, UK
Professor Christer Karlsson Operations Management, CBS,
Denmark
Professor Thomas Kurfess Advanced Manufacturing, ORNL,
US
Professor William Lazonick Industrial Competitiveness,
UMass Lovell, US
Professor Keun Lee Economics, Seoul National University,
Korea
Dr Carlos López-Gómez Policy Links, IfM, Cambridge

Professor Tim Minshall Innovation and Manufacturing,
IfM, Cambridge
Alistair Nolan Senior Policy Advisor, Directorate for
Science, Technology & Innovation, OECD
Dr Eoin O’Sullivan Science, Technology & Innovation
Policy, IfM, Cambridge
Annette Rusling, Industrial Strategy, Department for
Business, Energy and Industrial Strategy, UK
Lord David Sainsbury National Policy, Chancellor,
Cambridge
Professor Roberto Scazierri Economics, University of
Bologna, National Lincei Academy, Bologna, Italy
Professor David Teece Strategy, Berkeley Research
Group, UCB, US
Chris Thomas, Industrial Strategy, Department for
Business, Energy and Industrial Strategy, UK
Professor Dr. -Ing. Engelbert Westkamper Engineering
& Manufacturing Technologies, Fraunhofer IPA and
University Stuttgard, Germany
Professor Xiaobo Wu Innovation and Strategic
Management, Zhejiang University, China

The Babbage Forum gratefully acknowledges the support of the Gatsby Charitable Foundation
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