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Keun Lee & Franco Malerba: 
To explain changes in leadership  
and to suggest a  theory for this 

IT Services                 (Sunil Mani, CDS)  
Cameras                    (H. Kang and Jaeyong Song) 
Semiconductors           (Shin Jang-sup, NUS) 
Steel                         (Jehoon Ki and Keun Lee)   
Aircraft                       (Daniel Vertesy) 
Wine                     (Roberta Rabellotti, &  A. Morrison)  
Games                       (Yuko Ahoyama, & Hiro Izushi):  
Mobile Phones     (Claudio Giachetti, & Gianluca Marchi)  

  
Simulation Model     (Fabio Landini, F. Malerba & K Lee ) 



* More than 2 times Changes in industry leadership 
Steel: U.S.  Japan  Korea  (partly) China 

     Automobile: Germany  U.S.  Japan   partly Korea ; China 

     Shipbuilding: U.S.  Britain  Japan  Korea  partly China 

Semi-conductor (memory chips): US->  Japan -> Korea 

Mobile phones: motorola  -> Nokia -> Samsung ( Apple) 

Camera: Germany -> Japan 1 -> Japan 2 

IT service: US  Ireland(partly) India

Mid size jet:  Europe -> Canada (Bombadier)  Brazil (Embraer) 

Wine:  France -> US, Australia -> Italy 

Why do this often occur  in many sectors? 
Why the leader cannot persist but decline? 
Summary of Cases in 8 sectors

Criticism of Existing Theories 

Product Life Cycle (Vernon, 1966) 
A product has a life cycle (3 stages: introduction 
maturity  standardization), and as a product 
technology standardizes, comparative advantage based 
on production cost shifts from advanced countries to 
less developed countries. 

He stopped there 
did not go further to consider the possibility that latecomer 
firms take control of not only production but also 
R&D/Marketing;
    while products by the Multinational corporations (MNCs) 
from advanced countries lose in competition. 



An alternative: Neo-Schumpeterian Theory: 
national/sectoral innovation systems

The theory should consider diverse factors beyond the 
level of  a firm and their interactions 

SSI (Sectoral Systems of Innovation: (Malerba, 2004) 

4 building blocks of SSI :
1) technological regimes,  
2) demand conditions,  
3) actors and their networks,  
and 4) the surrounding institutions (IPRs, laws, culture, 
etc.)

Purpose and Initial idea 

To suggest a new, alternative theory for this and 
to explain changes in leadership and catch-up 
by latecomers in an industry 

Leapfrogging and Window of Opportunity (Perez 
and Soet 1988) 

 -economic paradigm change can be a 
window of opportunity for late-comers 
   -> bypass the old paradigm to jump into the 

new paradigm and thereby  



Four Windows of Opportunity for Latecomers

1) New Techno-Economic Paradigm (Perez & Soete 1988) 
Analogue  Digital: Korean Digital TV (Lee, Lim & Song, 2005) 
   mini paradigm or new generations of tech. new trajectories, disruptive 

innovations

2a) Business Cycle: Downturns 
- TFT-LCD Industry (Mathews, 2005)  

2b) Changes in Demand Conditions  

3) Industrial Policy & Government regulation 
- Indian pharmaceutical industry (Guennif & Ramani, 2012) 

- Telecom in Korea & China (vs, India, Brazil: Lee, et al 
2012)

Crystal cycles and Late Entries during Downturns 
  

LCDs Market Growth, 1990 - 2003
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Downturns in business cycles 
= small window of opportunity 

Downturns provide a time for economic cleansing and also entries 
 
Set a brake on incumbents ; 
Release of resources provides opportunity for challengers  

newcomers  and latecomers,  
Tech. Transfer and Knowledge Access become easier and cheaper 
 
Provide opportunity for fast followers to create supply chain and to  

move up in rankings 
Strategy for challengers  timing of entry, making use of released 

resources and knowledge; 
 
Example) 
 
1930s Great Depression = Window for the Soviet Union 
 2008/9 Global Crisis  window for China 

Our Theory: Industry Catch-Up Cycle 
3 Windows of Opportunity, 3 strategies,  3 Cycles 

SSuuppeerr  ccyyccllee  = 

NNoorrmmaall  ccyyccllee  



Secrets of Catch-up Cycles  
= 

 windows of opportunity 
+  

  
and  

Disadvantages 
 

Winners tend to falling into trap: (of ignoring new technologies) 

-> be complacent with the current success  
      (with the current/dominant technologies).  

 not necessarily by their mistakes but by rational choice; 
-- given uncertainty of new tech, and given fixed investment 
whose life cycle has not finished 

-> emergence of new paradigm/generations of technologies   
+ incumbent trap 

 leadership changes 

Why Incumbent declines?  
 -> Incumbent Trap/Lock-in 



 
Advantages and Disadvantages 
 
A. Disadvantages =  initial high costs  
-  
 
B. Advantages 
1) to adopt mature technologies at lower costs 
(stage-skipping) 
 -> low end good entry  
 
2) To adopt emerging technologies for first 
mover advantage or eventual cost edges  
(leapfrogging with risk taking) 
 

Three  Catch-Up Strategies  
(Lee & Lim, 2001 Research policy) 

Path of the Forerunner:    stage A --> stage B --> stage C --> stage D 

1) Path-Following :                      stage A -->   B -->   C -->  D 
 e.g. PC, some consumer goods, and machine tools industries in Korea 

2) Stage-Skipping  (leapfrogging 1)   stage A ------------->   C -->  D 

e.g. Hyundai's fuel-injection engine development (cf. carburetor engine) 
 64K DRAM prod. technology; 256K DRAM design technology 

              China: telephone switch development  

 3) Path-Creating (leapfrogging2) :  stage A -->  B -->  C' -->  D' 
e.g.  CDMA and digital TV development 

                         (C and  represent competing technologies) 



Path-following strategy = start from generation 1 technoloiges
stage-skipping = entry with generation 3 tech (most productive and stable) 
Path-creating/ leapfrogging =  jump to generation 4 (emerging) technology)  
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Generation 2 
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Generation 5 

Risk of leapfrogging without Ind. Policy:    

Solyndra in US;  Solar panel cost in 2 generation techologies 

2nd G: thin-film solar cell: 
solyndra  

1st G: amorphous silicon cells  

Solydra entered with 2 generation tech-> failed: 

Source: BNEF Bazilian et al (2012), Fig. 1  

China 
enters 



Example:
Catch-Up Cycles 

in the World Steel Industry: 

1. From the US to Japan 
2. From Japan to Korea 
3.   Catch-Up 

Catch-Up Cycle 1: US to Japan 
(1946 - present) 

Sources: 1900-79  Mitchell (1995, pp. 456-62, 1992, pp. 417-19); 1980-2010  World Steel Association 
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-Up Cycle: 
Stage III. Forging Ahead: 1959- 80s

Rise of New Technology: Basic Oxygen Furnace 

BOF is much cheaper in construction and operation 
The US clung to old technology, Open Hearth Furnace 

  1960 1965 1970 1975 1980 1985 1990 1995 

Japan 14.9 69.0 95.0 98.7 100.0 100.0 100.0 100.0 

US 3.7 19.4 55.8 74.3 83.9 89.0 94.3 100.0 

Table 1. Diffusion of BOF in Japan and the US (%) 

Source: D Costa (1999, p. 111) 

-Up Cycle: 
Stage III. Forging Ahead: 1959- 80s

= path-creating catch-up 

Rise of New Technology: Continuous Casting 
Much shortened process than old technology, 
Ingot-Making Method 
production cost , energy consumption
product quality , productivity 

Country 1969 1975 1977 1978 

US 2.9 9.1 11.8 15.2 

Japan 4.0 31.1 40.8 50.9 

Table 2. Continuous casting ratio in Production 

Source: Office Technology Assessment (1980, p. 289)] 



Catch-Up Cycle 2: Japan to Korea 
(1973 - present) 
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Sources: 1973-4, POSCO  Song (2002, p. 150); others  World Steel Association 

-Up Cycle: 
Stage I. Entry: 1968-72 

Beginning with Government Activism 
Entry by State-Owned Enterprise: 

POSCO Establishment (1968) 
Against the World Bank warning 

Steel Industry Promotion Law (1970-86) 
Enacted to support the construction of the national 
first steel works 
Heavy financial support to POSCO 

Long term loans at low interest rates, 
infrastructure construction, tax and tariff 
exemption or reduction, utility rate discounts, etc. 



Stage II. Gradual Catch-Up: 1973-86: 
Downturn of Oil Shocks = Window 

Entry by Low Cost & Low end products 

1973 and kept expanding production capacity by 1983. 
Business Downturn after 1973 Oil Crisis  POSCO 
was able to purchase old equipment at lower cost  
> Path-following catch-up 

Govt. Activism to support demand sectors 
Heavy and Chemical Industrialization Program (1973-9) 
to foster six selected sectors (Steel, Petrochemical, 
Machinery, Shipbuilding, Electronics, Nonferrous metals 

 steel demand 

Impact of two Downturns (Oil Shocks) 
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-Up Cycle: 
Stage III. Forging Ahead: 1987-present 

The 2nd steel works construction since 1981 
Business Downturn after 1979 Energy Crisis 

 POSCO promoted a fierce competition among 
equipment suppliers and, thereby, purchased 
equipment at much lower price . 
The downturn also provided POSCO a 
opportunity to introduce state-of-art 
technologies at low prices 
-> Stage-skipping catch-up 

 POSCO achieved more cost advantage 

Sustained Increase in Cost Advantage 
of Korean Steel vs. Japan 

-up in productivity 
Year 1980 Year 1992 Year 1998 

  Korea Japan Korea Japan Korea Japan 
Production yield rate 

(%) 81 85 94.4 94.8 94.7 89.1

Steel product output 
per worker

(tonne/worker)
N/A N/A 880

(2)
1,102

(1) N/A N/A 

Energy consumption 
(103kcal/tonne) 5,835 5,141 5,290 5,890 5,220 5,780

BF tapping ratio 
(tonnes/day/m3) N/A N/A 2.10 2.03 N/A N/A 

Man-hours per tonne 
(MH/tonne) 10.4 9.2 N/A N/A 2.7 4.1

* World ranking in parenthesis  



Summary of steel: catch-up cycles  

1) US=> Japan: Two windows of opportunity for Japan:  
 (1) the appearance of the new technologies, and  
  (2) Faster adoption by Japan > Path-creating  

 
2) Japan->Korea :  entry of POSCO as a SOE;  

industrial policies served as windows of opportunity  
   -> path-following entry 

The 1970s and 1980s  (expansion with second mill) 
recessions contributed to adoption of state-of-art 
technologies at lower costs 

  -> stage-skipping 
3) initially path-following then to stage-skipping strategy. 

Findings from other sectors 

IT Services                 (Sunil Mani, CDS)  
Cameras                    (H. Kang and Jaeyong Song) 
Semiconductors           (Shin Jang-sup, NUS) 
Steel                         (Jehoon Ki and Keun Lee)   
Aircraft                       (Daniel Vertesy) 
Wine                     (Roberta Rabellotti, &  A. Morrison)  
Games                       (Yuko Ahoyama, & Hiro Izushi):  
Mobile Phones     (Claudio Giachetti, & Gianluca Marchi)  

  
Simulation Model     (Fabio Landini, F. Malerba & K Lee ) 



Findings 1: Driving force  
of leadership changes 

in the long run evolution of a sector,  
   windows are always doomed to open as new 
technologies, new demand, business cycles, & 
government policies are going to happen over and 
over again.  
 

successive changes of leadership, 
 
Particularly when they are matched with different 
responses by the actors.  

Findings 1: Examples of Windows 

Technology windows: 
 Camera: Japan: SLR camera replacing German RF;  
 Cell phone: shift from analogue to digital (from 
    Motorola to Nokia) 
 Steel: innovations of BOF and CC: US -> Japan  

Demand Windows 
 India IT service: Y2K and dot.com boom 
 Korean steel:  downturns after oil shocks 
 New World Wines: rise of new inexperienced consumers 
from the UK, the USA and the Scandinavian countries; then  
  lately rise of Asian markets 

Government Windows: 
  Korean steel, Brazilian mid-size jets;  Nokia (EU standard) 



Findings 2: Incumbent Trap:  
Mistake or Rational Decision-making 

likelihood of leadership change increases when the technology 
windows are combined with  
 
-> In their early days, new technologies are often more costly, less 
productive, and less reliable. Thus, the incumbents who command 
the highest productivity from the existing technologies feel no 
reason to adopt new technologies.  
 
But, not certain whether the choice by the incumbents is simply a 
mistake or an ex ante rational decision-making.  
An example case: Motorola tried to improve further the existing 
analogue telecommunication technologies despite arrival of digital 
technologies. 

Findings 2: diverse sources  
of Incumbent Trap 

Steel: American steel firms did not adopt the BOF; 
because they constructed many mills with the old 
method (OHF) and thus the useful economic life of them 
did not end yet when the BOF started to be put into 
commercial operation in the mid-1950s  
-> incumbent cannot help falling into the trap whenever 
a new innovation emerges before the end of a current 
life-cycle. 
 
Shipbuilding: UK delayed to adopt the new, welding 
block due to the opposition of trade unions; the work 
done by 4 workers in the old rivet method ; done by one 
worker under the new method  ->UK  lost to Japan 



Downturn or upturn as windows? 
Downturn = window for a stage-skipping 
entry with lower costs 
Upturn = window for a leapfrogging 
because of higher possibility of incumbent 
lock-in (trap) with existing technologies 
(during upturn) 

=> A sequence of catch-up strategy  
  = path-following entry  

 -> upgrading during downturn for up-to-date technology -
> leapfrogging during upturn for emerging technologies 

Findings 3: Sectoral Specificities of Windows 
and Leadership Dynamics 

Sectors differ in terms of the type of windows that most 
frequently open up and in the type of catch-up cycle.  
 

1) In sectors with technology windows 
            (semiconductors and mobile phones),  
    a high probability of radical replacement of incumbent 
by new entrants.  
 
2) In other sectors (wine and auto) with demand windows.  
   -> new firms often co-exist with old incumbents rather 
than replace them completely  



4: Exogeneity/Endogeneity of Windows 

Windows can be endogenously created by actors   
 
the current leaders have a reason to lead innovations into 
the direction of competence-enhancing way.  

 ->  If the leaders succeed, they are more likely to maintain 
their leadership in the next generations.  -> super-cycle 

 
memory chip business: leader since the 

1992 (23 yrs);  cf) industry had several leadership changes 
before the rise of Samsung. 
 
EX 2)   continued leadership in Camera 

5: Perverse Effects of Macro Conditions  
longer term changes in macro-variables can be a 
factor for both rise and decline of a country.  
 

1) Low wage rates in emerging countries = an initial 
FDI/OEM ; 

,   but wage rates tend to rise with a country  success  
 
2) Exchange rates. under-valued as subsidy to exports.  

->  values of currencies are expected to appreciate 
eventually if a country succeeds in exporting and thereby 
records trade surpluses.  
Ex: 1 Japanese Yen = 2.7 Korean Won in 1980;  

    5.8 Won in 1988;  ->  7.4 Won in 1996;  
    ->  10 Won in 2000.  



Simulating catch-up cycles 
-friendly models  

2nd generation  
technology  

 

3rd generation  
technology  

1st generation  
technology  

 

-  

radical change in leadership after technology shocks 

Evolution of total market shares: -> immediate leadership changes 



Experiment 1  no Lock-in effects 

-> reduce the intensity of lock-in (incumbent trap) effects 

->  no leadership change: 

= Aborted catch-up (failure to catch-up) 

Experiment 2: Smaller Size  of the window  

reduce the size of windows  

  = (smaller pool of knowledge (Stiglitz):  

-> no immediate leadership  change but co-existence 



Secrets of Catch-up Cycles  
= 

 windows of opportunity 
+  

  
and  

Disadvantages 
 

  
   : 

  
 

Park & Lee (2006,  
Industrial & corporate change) 

Jung & Lee (2010,  
Industrial & corporate change) 
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Rapid catch-up 
(about 30%) 

 
 
 

Sustain Gap 
(about 10%) 
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Sam. Elect.:  

OVER  
While Industry : 

JUST 
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      : Fast-follower  first-mover   
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     = first mover  OK ; :  fast follower   
 
    Eg)  Solar PV (Photovoltaic) Industry:  3    
       1, 2 (thin)  :  , 3     
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Park, K., and Keun Lee (2006), Linking the Technological Regime 
to Technological Catch-up: An Empirical Analysis Using the US 
Patent Data,  Industrial and Corporate Change, July 2006  
 

Sectoral systems of Innovation and 
Productivity Catch-
Industrial & Corporate Change. 



 
Innovation 
system at  
3levels:  
 
firm, 
sector, & 
country 

: ,  ( ) 
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Thank you! 

Meu Amigo!  Obrigado! 

www.keunlee.com 
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• UN (UNIDO):
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 20102000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Japan 1 1 1 1 1 1 1 2 2 2 1
Germany 3 3 2 2 2 2 2 1 1 1 2
US 2 2 3 3 3 3 3 3 3 3 3US 2 2 3 3 3 3 3 3 3 3 3
Korea 12 10 10 9 5 4 4 4 4 4 4
Taiwan 10 12 11 11 10 10 5 5 5 5 5
China 23 22 21 19 19 18 16 15 14 10 7

• 2001 11 10 3
• : 2000-2005

China 23 22 21 19 19 18 16 15 14 10 7

• : 2006-2010 2008
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