3. Basic Concepts in
Technology and Innovation

3.1. Institutionalisation of R&D

* ‘The Research Revolution’

“Its growth is perhaps the most
important social and economic change
in the twentieth-century industry.”
(Freeman 1982)




Institutionation of industrial R&D

» ‘Great individualists’

— contract research labs

— corporate inhouse R&D

cf. Transition embodied in Thomas Edison
- owned 1,093 patents (World record)
- setting up the world first contract research
labs (Newark — Menlo Park)
- his engineers and scientists helped to
build up earlier corporate inhouse R&D labs
in Germany, Britain, and the U.S.

The Increase in R&D Investment

» Firm level expenditure

- constant dollar R&D expenditure for US
industry

1953-1990: 5.5 fold increase
1980-1990: 1.5
- R&D expenditure to sales doubled for 16 years
1.9% in 1976 — 3.8% in 1992
(Kobrin 1997: 149-150)

- Some big high-tech firms spend over 10% of
their gross revenue on R&D




The Increase in R&D Investment

» National level expenditure

- GERD 2-3% of GDP in advanced
countries

‘Table 1. Emimated pross expenditure on reiearch and dovelopment as a
Sfracoen of GNP, (GERDIGNP rava) 1934-1983
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civil R&D
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usa 06 3-1 27 240
EC* &2 -2 21 I-5
Japan 01 =0 2-7 27
USSR 03 32 36 o
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definifinns (1963), QECD staristics, and adjusunents to Soviet statisrics
bazed on Fresmen and Young, (1965).
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The Increase in R&D Investment

* The rise of a professional ‘R&D
establishment’

: RSE growth rate over 2%

cf. population growth rate 0.1% in
developed countries




Table 1.2c Average annual growth rates in tota! resonrces devoted to R & D
during the 19703
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Why?

(1) The increasing scientific character of technology
: the rise of science-related technology
“[Many technologies] could not have been
developed at all without a foundation in
theoretical principles. This corpus of knowledge
... could never have emerged from casual
observation, from craft skills or from trial and
error in existing production systems ...
(Freeman & Soete 1997: 198-199)
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eg1. the steel industry
- puddling — Bessemer process
— BOF

“Only men of remarkable strength and
endurance could stand up to the heat for
hours, turn and stir the thick porridge of
liquescent metal, and draw off the blobs of
pasty wrought iron. The puddlers were the
aristocracy of the proletariat, proud, clannish,
set apart by sweat and blood. Few of them
lived past forty.” (Landes 1969: 218)

eg 2. electricity
- Franklin’s kite
- Faraday’s ‘principle of electronic
motor’ in the 1820s, discovery of
electromagnetic induction in 1831
— electro-chemistry

“... electricity and chemistry ..[are] the two
areas where scientific research began to be
directly and intimately related to industrial
development.” (Freeman & Soete 1997: 75)




eg 3. chemicals
- the first specialised R&D lab
emerged in 1870s: the German
dyestuff industry
cf. IG Farben

|G Farben

« World’s largest chemical combine, and the fourth
largest company only behind GM, US Steel, and
Standard Oil in 1925

+ R&D over 7% of turnover during 1925-39
cf. other large companies 3-5%
- maintain 1,000 strong researchers

- employing outstanding academic consultants,
including a number of Nobel Prize winners like
Professor Staudinger of Freiburg and Ziegler
who made major theoretical contribution to the
plastic industry ...
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Table 5.5 Fatents and innovations in synthetic materials (percentage world total)
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|G Farben

* War criminal
- broken up into BASF, Bayer and Hoechst

+ Konrad Adenanuer
“ ...the patents formerly belonging to IG Farben
have given the American chemical industry a
lead of at least 10 years. The damage thus
caused to the German economy is huge and
cannot be assessed in figures.”
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eg4. electronics
- becoming more R&D intensive with
increasing contents of science
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Why?

(2) The growing complexity of technology
- increasing risks in experimenting with
production lines
- partial replacement of ‘batch’ and ‘one-

off’ systems of production by ‘flow’ and
‘mass’ production lines

— separation of production and
experiment: proto-type production
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Why?

(3) The growth of firm size & market and
subsequent division of labour

- emergence of specialised research
labs inside and outside firms

12



Qualitative importance
of the institutionalisation of R&D

» Endogenisation of technological
progress

cf. production function analysis

cf. the early Schumpeter (model 1) vs.
the late Schumpeter (model 2)

“the ‘bureaucratic’ management of innovation
was replacing individualistic flair and that the
large corporation was becoming the main
vehicle for technical innovation in the
economy” (Schumpeter 1928, quoted in
Freeman 1982)

* The ‘routinisation’ of innovation

- ‘internalisation’ of many scientific and
inventive activities by the firm

— reflecting ‘the real change’ which had
taken place in the American economy
between the two world wars and the
rapid growth of industrial R&D in large
corporations during that period.




3.2. Uncertainties,
Technological Trajectory, and
Clustering

Inherent uncertainties in
technological innovation

* Not knowing
(1) not knowing future technologies

- information gap: don’t know what is the
best technology for the purpose

eg. technology to travel to the Sun?
- competence gap: don’t know how to

develop it

eg. reliable electricity car

14



Inherent uncertainties in
technological innovation

(2) Not knowing market potential of technologies
eg1. market potential of synthetic rubber

“IG Farben stopped the production of
polyethylene and offered to sell their synthetic
rubber patents to the natural rubber cartel
because they thought the market for the
synthetic rubber will be small during the peace
time and the synthetic products would not be
able to compete with natural products. (Freeman
& Soete 1997: 202)

eg2. computers

“The general view prior to 1950 was that
there was no commercial demand for
computers. Thomas Watson ... felt that the
one SSEC machine which was on display at
IBM’s New York offices ‘could solve all the
scientific problems in the world involving
scientific calculations” (Freeman & Soete
1997:172)
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eg3. Intel's early ignorance of the market for
microprocessor

- 20,000 mainframe computers in 1971
— 10% market share: a week’s production
eg4. Internet

Inherent uncertainties in
technological innovation

« Appropriability
- the importance of intellectual
property right

eg. The development of the S/W

industry & Intel’s dominant leadership in
microprocessors

16



“American copyright law, traditionally

used only to protect works of art like
novels, plays, and movies, had been
extended in 1980 to cover computer
software” (Jackson 1997: 268)

- ‘microcode’ in microprcessors
- operating system

Not everything is uncertain

* If everything is uncertain, there would be
no ground for rational decision-making.

- Decision-making under limited information
and bounded rationality

« Difference in innovation capability across
firms and countries

- R&D institution has in fact emerged to

reduce uncertainties while exploiting the
possibilities of ‘New Combinations’

17



Nelson’s (1990) ‘generic knowledge
and ‘particular technique’

» Generic Knowledge: disciplines or
shared knowledge of the field

‘technological paradigm’ and
‘technological trajectory’ (Dosi 1982)

‘natural trajectory’ (Nelson & Winter
1977),

‘technological guideposts’ (Sahal 1985)

‘Rule of thumb’ among scientists and
engineers

eg. Moore’s law, learning curve in the
aircraft industry

They embody regularities of technological
change, thereby provide "strong
prescriptions on the directions of
technical change to pursue and those to
neglect" (Dosi, 1982, p. 152). So
technological progress becomes a
continuous process once technological
trajectory is set up.

18
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“... technological paradigms define the
technological opportunities for further
innovations and some basic procedures
on how to exploit them. The they also
channel the efforts in certain directions
rather than others.” (Dosi 1988: 225)

— providing search activities with some
constraints

Particular techniques: mixed bag

» ‘particular ways of doing things’ (Dosi
1988: 224)

(1) explicit knowledge: non-appropriable
part once accessed

(2) tacit knowledge: appropriable part

20



“Some practiced technique is widely
applicable and easily learned by
someone skilled in the art, if access
were open. But ... much of prevailing
industrial technique is of little use
outside the firms employing it, involving
fine tuning to their particular products
and processes”. (Nelson 1990)

— ‘socialisation of technological
knowledge’ — ‘cultural evolutionary
process’

Implications of technological
trajectory

* Localised search but with some
direction

- mitigating uncertainties
* Interconnectedness of technological
progress

- enabling ‘swarming’
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