
Education, Science, Education, Science, 
Technology, and InnovationTechnology, and Innovation

Alfred WatkinsAlfred Watkins
S&T Program CoordinatorS&T Program Coordinator

World BankWorld Bank

Workshop onWorkshop on
Technology Innovation, Private Sector Development, and Technology Innovation, Private Sector Development, and 

Economic GrowthEconomic Growth
May 25-27, 2005
Hangzhou, China



High Tech Does Not Always Equal 
Prosperity or Competitiveness
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GDP per capita in 2002 
(constant 2000 US$)
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The Global Competitiveness 
Indexes and Ranking
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• Increasing globalization: reduction of 
transportation & communication costs, increasing 
global information, increasingly mobile FDI. 

• Rapid pace of technological change and 
innovation: Half life of technology is getting 
shorter.  Choice: Keep up or fall behind.

• Increasing competition, driven by trade 
liberalization and increasingly larger players (e.g., 
China, Korea, India)

• Networking and disintegration of production.

The world is moving fast…
…with or without you!



The world is moving fast…
…with or without you!

Parable of the Lion and the Gazelle



Typical Value Chain

R&D/Technology         Manufacturing/Operations Sales & Marketing
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Multi 
Nationals

First tier Second tier Third tier

Nature of 
relationship

Close family

Partner

Inter 
dependency

High trust

Relationship 
based

Nature of 
relationship

Cousin

Provider

Dependency        

Medium trust

Specification 
based

Nature of 
relationship

No ties

Servant

dominated

No trust

Price based



Stages of Economic 
Development

Factor-driven
Economy

Investment-
driven

Economy

Innovation-
driven

Economy

Principal Drivers

Input cost Efficiency & Returns Unique value



In What Stage is China?

• Factor Driven, Investment Driven or 
Innovation?

Huge country with largest supply of very low 
wage labor
One of the largest recipients of FDI
Second largest absolute level of F&D 
expenditures – second only to US



What do we mean by Education, 
Science, Technology and 

Innovation Capacity?
Four Critical Dimensions  

Improving R&D systems – ability to produce 
new, economically relevant knowledge
Enhancing capacity to import, adapt, adopt, 
and use existing technology
Improving Education for the KE
Enhancing national S&T policy-making 



Improving R&D – Critical Issues

• Quality of research
• Relevance to industry and agriculture
• Linking teaching and research
• Links to global and domestic technology 

markets – technology commercialization 
processes, rules, procedures and 
expertise

Lesson from Russia: Not simple to convert 
knowledge into wealth



Linear S&T Capacity Building 
Model Dominates Capacity 

Building Approach

Basic
Research

Applied   
Research MarketingProductionDevelopment



Acquisition

Assimilation

Improvement

Creation

East Asia Capacity Building Model: A Different Approach

Developing

Country
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Country

Advanced

Country
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Development
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Capacity to Import, Adapt and 
Adopt Existing Technology

• China has abundant FDI
• But spillovers are not automatic
• Firms need capacity to take advantage of 

potential opportunities
Maintain balance and harmony between 
hardware and software aspect of technology 
adoption



R&D

Design &
Engineering

Technician & Craft
Skills & Capabilities

Basic Operators
Skills and Capabilities

Science
Development
and Creation

Science
Use, Operation

and Maintenance

(These all need human capacity.)



Nine dimensions of 
Technological Capability
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Groups of Firms According to 
Technological Capability

 High  

Low  

Awareness of the 
need to changeLow High

Type 1 Firm s
‘Don’t know that 
they don’t know’

Type 2 Firm s
‘Know they don’t know, 

but don ’t know what’

Type 3 Firm s
‘K now what, but not

always where and how’

Type 4 Firm s
High capability and
absorptive capacity

Awareness 
of W hat  
and How 
to Change 



Firm-level Capacity Building  
Thresholds

• The key thresholds of 
technological capability 
are concerned with 
design and engineering, 
not R&D

• Critical need: Target 
incentive schemes on 
assisting firms to cross 
thresholds

R&D

TECHNOLOGY
UPGRADING
&REVERSE

ENGINEERING

TECHNOLOGY
ACQUISITION AND 

ASSIMILATION

TECHNOLOGY USE
AND OPERATION

R&D

TECHNOLOGY
UPGRADING
&REVERSE

ENGINEERING

TECHNOLOGY
ACQUISITION AND 

ASSIMILATION

TECHNOLOGY USE
AND OPERATION

A Most Large TNC
Subsidiaries Some SMEsMany Large

Domestic Firms

B Most SMEs

RESEARCH AND TECHNOLOGY DEVELOPMENT

Occasionally present, but scale usually limited.

Depleted by crisis in some cases. Strengthened by pressures in
many

DESIGN AND ENGINEERING

Capabilities limited, but growing. When present they often play a
limited technology development role, but that is probably changing

TECHNICIAN AND CRAFT SKILLS AND CAPABILITIES

Usually present, often the focus for intensive

training efforts. Selected key skills sometimes weak.

BASIC OPERATING SKILLS AND

CAPABILITIES

Present, often strong and regularly upgraded

Minor Current

Threshold

RESEARCH AND TECHNOLOGY DEVELOPMENT

Very rarely present

DESIGN AND ENGINEERING

Capabilities rarely present, though emerging in some firms

TECHNICIAN AND CRAFT SKILLS AND CAPABILITIES

Strong skills sometimes present, though key skills often

absent or weak

BASIC OPERATING SKILLS AND

CAPABILITIES

Often weak, with limited and irregular upgrading

Main Current

Threshold

Minor Current

Threshold

Main Current

Threshold



The EFQM Business Excellence Model

1.
Leadership

5. 
Processes

2.
Policy & 
Strategy

3. 
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4. 
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Innovation and LearningInnovation and Learning

An holistic view of the business



0,0% 10,0% 20,0% 30,0% 40,0% 50,0% 60,0% 70,0% 80,0% 90,0% 100,0

Strategic Planning

Marketing

Manufacturing processes

Export advice

Quality Management

Motivation

 Customer Contacts

Inventory Management

Feasibility/Capital

Human resources

Finance and MIS

Market Research

Employment Law

Tax Planning

Grant aid

Study Visits

IS /IT

Auto industry expert

Technology exploitation

Companies’ view
Consultants’ view

Areas for improvement



Conclusions

• Ability to produce new knowledge (R&D) is 
important, but ability to absorb and utilize 
existing knowledge may be more important at 
early stages of development – National Systems 
of Economic Learning and Technology Diffusion

• Goal of universal education should be 
complemented by expanded access to 
vocational, secondary and tertiary education

• A critical challenge for S&T policy is increasing 
effective demand for S&T by developing 
enterprise capacity to innovate and utilize 
existing knowledge
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