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ABSTRACT
 

The paper draws on the results of field i.terviews in Korea and Taiwan with
 
nine participants in the keyboard and personal computer assembly industries.
 
It analyzes the implications for performance 
of the divergent strategic

orientations of Korean and Taiwanese 
firms in frontier industries in which
 
technology- and innovation-intensive activities play a major role. The
 
analysis highlights four sets of relationships.
 

First, Korean firms tended to enter the two industries at a relatively large

size, and Taiwanese firms at small size. 
Second, differences in the size
 
structures of firms can 
be traced back to differences in the extent to which
 
they were underdeveloped at 
 the outset of their post-war drives to
 
industrialization, and thus differences in the conditions of entry for firms.
 
Taiwanese firms across a wide 
 range of industries enter easily into
 
subcontracting relations with one another. And Taiwanese traders are willing

and able to explore the prospects for export of the products of nascent small.
 
and medium firms. So Taiwanese entrepreneurs can initiate production at 
 a
 
relatively small-scale with liLtle up-front investment required either for
 
production facilities or for 
specialized market information. By contrast,
 
the paucity of subcontracting and the absence of indigenous traders with an
 
incentive to explore export market potential for small firms, imply 
that the
 
size at entry for Korean firms is likely to be substantially larger.
 

Third, divergent sizes 
at entry induced Korean and Taiwanese firms to follow
 
divergent strategies for profitable expansion. As has 
been well-documented
 
elsewhere, Korean firms tend to pursue aa 'assembly' strategy, starting up

production at high volume even in the face of unit 
costs that could exceed
 
prevailing market prices; high volumes facilitated a rapid movement down the
 
learning curve, increasing productivity and thereby reducing unit 
costs as
 
experience accumulates. 
By contrast, and not documented elsewhere, Taiwanese
 
firms tend to follow a 'bootstrap' strategy, with small size at entry and
 
rapid rates of expansion. Expansion via a bootstrap strategy involves 
a high

propensity to undertake initiatives where the levels of uncertainty are quite
 
high and the probabiliti-s of success correspondingly low; rapid bootstrap
 
expansion is not 
 depeiident on substantial investment expenditures.
 

Fourth, the divergent strategies of Korean and Taiwanese firms involve
 
divergent emphases on innovation and the acquisition of ccmplex technologies.

Both bootstrap and assembly strategies lend themselves readily to the
 
acquisition of complex technologies, if with different emphases: 
the focus of
 
firms following assembly 
strategies is on process technologies that permit

productivity gains; the 
focus of firms following bootstrap strategies is on
 
technologies that facilitate the design 
of new products. The emphasis on 
innovation varies among the two strategies: the bootstrap orientation of 
Taiwanrse firms is far more supportive of innovation than is the assembly
 
strategy of their Korean counterparts. In all, the analysis and evidence
 
together point to an ongoing stream 
in Taiwan of innovation-intensive small
 
and medium firms, some 
of whom will grow to become large, and some of whom
 
will also become technology-intensive. By contrast, the pattern of advance
 
in Korea in technology- and innovation-intensive .ectors is likely to be far
 
more uneven, dependent on a limited number of 
larger commitments, uncertain
 
in their outcomes.
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The Strategic Orientations of Firms and the Performance of Korea and Taiwan
 
in Frontier Industries: Lessons from Comparative Case Studies
 

of Keyboard and Personal Computer Assemblv
 

by
 

Brian Levy and Wen-Jeng Kuo
 

This paper is one of two companion pieces1 that 
report and interpret the
 

results 
of field interviews conducted in May and June 1987 with manufacturers
 

in the information industry in Korea and Taiwan. The goal of the field research
 

was to explore the impacts 
of the very different industrial structures of the
 

two countries on the 
 prospects for successful promotion of the information and
 

other frontier industries 
 in which technology- and innovation-intensive
 

activities play a major role.
 

The present paper 
 draws on the results of field interviews in the two
 

countries with nine2 participants in the keyboard and personal computer (PC)
 

assembly industries to analyze the implications for performance in frontier
 

industries of the 
divergent strategic orientations of national firms 
in Korea
 

and Taiwan. The analysis highlights four sets of relationships. First,
 

differences in the extent of underdevelopment of Korea and Taiwan at 
the outset
 

of their post-war drives to industrialization led to different 
conditions of
 

entry for putative manufacturers in Korea and Taiwan. Second, these 
divergent
 

conditions of entry induced Taiwanese firms 
to initiate production at a small,
 

1 The first piece, entitled "Investment Requirements and the Participation

of Korean and Taiwanese firms in Technology-Intensive Industries", explores the
extent 
to which high investment costs associated with technology-intensive

activities leaves national Taiwanese firms at 
a disadvantage relative 
to Korea.
 

2 An additional eight firms -- manufacturers of media and precision motors
 
for disk drives, and assemblers of hard disk drives 
-- also were interviewed;the results of those interviews, reported in the companion paper, proved to not
 
be relevant to the present s'.udy.
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and Korean firms at a large, size. 
Third, divergent sizes at entry in turn
 

induced Korean and Taiwanese firms to follow 
divergent strategies for
 

profitable expansion. Fourth, the divergent strategies of Korean and Taiwanese
 

firms 
involve divergent emphases on innovation and the acquisition of complex
 

technologies, and thus imply different patterns of performance in technology

intensive and innovation-intensive frontier industries.
 

The next section of the paper 
 describes the divergent strategies of Korean
 

and Taiwanese firms and explores the relationship between these strategies and
 

the different contexts which
structural within 
 firms operate in the two
 

countries. The subsequent section distinguishes between technology-intensive
 

and innovation-intensive activities probes extent which
and the to the
 

divergent strategies promoted the acquisition of a facility with complex
 

technologies and skills in innovation in PC keyboard
the and assembly
 

industries. The 
final section lays out some tentative propositions as to the
 

likely performance of Korea and Taiwan more generally in frontier industries.
 

STRUCTURE AND STRATEGY
 

In Korea a small number of conglomerate giants tower over the industrial
 

landscape; the five largest conglomerates accounted for 22.3 percent of 
the
 

total value of 1983 shipments by the Korean manufacturing sector. In Taiwan,
 

there is a proliferation of small and medium enterprises; the five largest
 

Taiwanese conglomerates produce only 4.2 percent of that island's manufacturing
 

o .tput, and thus occupy nothing like 
the relative position of their Korean
 

counterparts. 3 This divergence in 
the size of firms was evident among the
 

3 Scitovsky (1985) is an early work that identifies and explores the
 
reasons for these differences. The estimate of the share of Korea's 
five
 
largest conglomerates is from Lee (1986); 
the Taiwanese estimate is calculated
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companies we interviewed in both the keyboard and PC assembly industries.
 

We interviewed three of the seven major exporters4 
of keyboards from Taiwan,
 

and two 
leading Taiwanese PC suppliers (of a substantially larger number of
 

participants than in the kFcboard industry5 ). 
 In their initial year of
 

operation all five Taiwanese suppliers had fewer than 
twenty employees, and
 

well below $1 million in sales revenues; all five firms were begun by young
 

engineers, recently 
graduated from university, with 
at most a few years
 

experience In other companies. 
By contrast, the two Korean manufacturers of
 

keyboards that we interviewed (the dominant 
and the only other significant
 

manufacturer of keyboards in the country) were both established on a relatively
 

large 
 scale as 50:50 joint ventures with Japanese interests; the joint
 

ventures were conduits of Japanese switch 
technology to the burgeoning Korean
 

market for components of manufactured electronics products, with keyboards and
 

keyswitches only two lines among many. And both Korean suppliers of PCs that we
 

interviewed 6 (again leading manufacturers) were started up expressly as high

from China Credit Information Service, Top 500, and Republic of China, Ministry

of Economic Affairs, Department of Statistics, Report on Industrial and
 
Commercial Survey, Taiwan Area, 1986.
 

4 in all 44 firms aie listed 
in Taiwan Electric Appliance Manufacturers
 
Association, Buyers' Guide, 1986-7 
as suppliers of keyboards
 

5 119 firms were listed in the TEAMA Buyers' Guide. 1986-7 as suppliers of
 
PCs. 76 of thesc reported assets in excess of $100,000; a large fraction of the
 
remainder are likely to be traders rather than assemblers.
 

6 This sample, as 
in the Taiwanese PC industry, was of necessity small and
 
quite unrepresentative. The 
 Electronic Industries Association of Korea,

Computer Guide Book of Korea. 
1987 lists 38 rC assemblers in Korea. The small
 
size of the sample was unavoidable given our limited resources and decisicn to
 
make the comparison between Korea and Taiwan 
across a number of product

cntegorie! (as noted in footnote 
2, in addition to the field results reported

here, the companion study draws on interviews with eight firms from three

additional product categories). We decided to focus 
on leading firms in part

because we felt they would 
provide a better perspective on the overall 
structure of the industry than more minor players, and in part because they 



4
 

volume producers of PCs for the USA market; 
both firms commenced production
 

with contracts already hand ship the USA
in to to 10,000 PCs per month,
 

implying a corresponding gross sales for first year of production
revenue the 

in excess of $40 million. 

Why are Taiwanese entrants typically small -- and Korean typically large-

at entry? To what degree do their divergent sizes at entry correspond with
 

divergent strategic orientations?
 

Divergent sizes at entry. 
As has been explored in two papers by one of the
 

present authors (Levy 1987a,b), differences in the size structures of firms in
 

the two countries can be traced back to differences in the extent to which they
 

were underdeveloped at 
 the outset of their post-war drives to
 

industrialization. 
The emergence of large conglomerates (Chae'bol) in Korea
 

was an efficient institutional response to the greater underdevelopment of that
 

nation, and a host of associated market failures. By contrast, in Taiwan
 

markets functioned more efficiently and the obstacles tc entry on the part of
 

small firms were lower. As has been modelled formally by Levy (1987a), the
 

initial divergence was cumulative, with the opportunities for entry on the part
 

of smaller firms remaining relatively limited in Korea, but with entry becoming
 

progressively easier over time 
in Taiwan.
 

Our case study of the keyboard industry 7 highlighted these divergent
 

conditions of entry. We 
 observed striking divergences in the degree to which
 

firms in the two countries were vertically integrated, and in the extent to
 

offered richer information as to the trajectories of expansion of significant
 
players in the industry.
 

7 We were able to gather less evidence on conditions of entry for PC

suppliers. In neither country 
were 
suppliers of* PCs vertically integrated. On
 
the other hand, it did appear as if Taiwanese PC suppliers had 
access to a

richer range of channels for PC exports than did their Korean counterparts.
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which they had access to channels for the marketing of exports. To begin with
 

vertical integration, the manufacture of keyboards involves the assembly into a
 

keyboard base of keycaps, keyswitches, .a printed circuited board mounced with
 

electronic components and an enclosing case. 
 While both Korean keyboard
 

suppliers started up production as integrated manufacturers of keyboard
 

components as well as assemblers of complete keyboards, even at the time of our
 

interview (some years 
after start-up) two of the three Taiwanese firms 8 not
 

only procured all components 
from independent vendors, but also subcontracted
 

the mounting of electronic components on printed circuit and a
boards 


significant 9 
fraction of the keyboard assembly operation itself.
 

As for marketing, according to our interviewees Taiwanese traders were
 

crucial in the initial phase of entry in affording access to export markets
 

both directly (that is, through those traders that dealt in exports of computer
 

peripherals) and indirectly (that 
is, through those traders/assemblers that
 

dealt in complete systems) for two of the 
three Taiwanese firin5 interviewed. As 

of mid-1987 the three Taiwanese manufacturers sold the bulk -- 90 percent, 60 

percent and 55 percent -- of their keyboaids directly to overseas assemblers of
 

personal computers. No parallel network of tradecs that deal 
in the production
 

time
8 At the of interview the third Taiwanese firm was vertically
 
integrated, manufacturing key switches and key caps 
as well as assembling

keyboards. However, as is discussed below, the firm did not enter into business
 
as a vertically integrated operation: it began as a specialist supplier of
 
keycaps, gradually 
expanding first into the supply of keyswitches, and
 
thereafte_ of complete keyboards.
 

9 One of the firms put the proportion of keyboard sales assembled by

subcontractors at 60 percent. The second firm would not quote 
a precise figure

but implied that the proportion was in excess of 50 percent; this latter firm
 
plans to expand its in-house assembly capacity in the course of the 
next twelve
 
months.
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of small manufacturers exists in Korea.10 
Indeed, direct exports played a
 

marginal role in the expansion of Korean keyboard makers. The 
terms of joint
 

venture agreements with Japanese firms inhibited the largest Korean makers
two 


from exporting keyboards directly, and thus largely11  limited their
 

opportunities for expansion to the growth of exports of complete personal
 

computer systems from Korea. As for two remaining (small) Korean manufacturers
 

of keyboards, in the absence of any channels to export markets afforded by
 

Korean-based export trading companies, their exports have thus far focused
 

entirely on the provision of keyboards for the "pirate" low end of the domestic
 

Korean computer market. 12
 

The relative ease with which Taiwanese firms across a wide range of
 

industries enter into subcontracting relations with one another more
(or, 


formally, the 
relatively low transactions costs of subcontractingl3 ), and the
 

presence of Taiwanese traders willing and able the for
to explore prospects 


export of the products of nascent small 
and medium firms, together imply that
 

Taiwanese entrepreneurs 
can initiate production at a relatively small-scale
 

with little up-front investment required either for production facilities or
 

for specialized market information. By contrast, the paucity of subcontracting
 

10 For a detailed analysis of the role of export 
trading in the two
 
countries, with specific application to the footwear industry, see Levy

(1987a). As 
is noted in that article, although Korea established in 1976 giant

General Trading Companies along Japanese lines, 
 these GTCs have little
 
incentive to explore the potential. of export markets for small and medium firms.
 

11 Notwithstanding the joint venture agreement, with the appreciation of
 
the yen the larger of the two companies has begun to search out opportunities

for direct export; at present, such direct exports amount to 20 percent of the
 
company's keyboard sales.
 

12 This according to officials of the Electronics Tndustries Association
 
of Korea.
 

13 For a development of this point, see Levy (1987b)
 

http:market.12
http:Korea.10
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and the abqnce of indigenous traders with an incentive to explore export
 

market potentia.l for small firms, 
imply that the initial investment costs-

and thus the size\at entry -- for Korean firms is likely to be substantially
 

larger.
 

Differences in strat %ic orientation. There is a substantial literature that
 

explores the relationshi', between 
the structural context within which 
firms
 

operate and their strategic \rientations. 14 Alfred Chandler (1977) has explored
 

the connection between changin, market constraints and opportunities, and 
the
 

changing opportunities for, and \trategic choices of, business enterprises in 

the United States over 
the course oAkthe nineteenth century.1 5 What is relevar:nt
 

in the present context is the way 
iVi, which the divergent degrees of market
 

failure, and the corresponding divergenLI in 
the size of firms at entry, led
 

firms in Korea and Taiwan to adopt very dif1",rent strategic orientations.
 

We explore here two distinctive strate .[c orientations: an 'assembly'
 

strategy on the part of Korean firms, and a 'boo-\strap' strategy on the part of
 

their Taiwanese counterparts. Assembly and bootstrs 
 strategies do not exhaust
 

the range of strategies pursued by firms in 
the two \,untries. Rather, the two
 

strategies represent highly divergent orientations that\(at least 
on the basis
 

of our very limited sample, more 
 general informal \bservation, and 
 an
 

appraisal of the fragmented existing research 
on the subject,\ appear to typify
 

the strategies of a disproportionate share 
of the most successfNul ventures in
 

each country.
 

14 For key contributions, see Chandler (1962), 
 (1981); Caves\ (1980)

Lawrence and Lorsch (1967); 
Penrose (1959); and Pfpffer and Salancik (19N7?).
 

15 For a succinct summary 
of the key points in Chandler's analysis, 
see
 
Caves (1980) pp. 67-69.
 

http:century.15
http:rientations.14
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The central ingredient of the assembly16 strategy is a readiness 
to start-up
 

production at high volume even in the 
face 
of unit costs that can exceed
 

prevailing market prices. The high volumes 
permit a new entrant to move
 

rapidly down the learning curve, increasing productivity and thereby reducing
 

unit costs as experience accumulates. Over time, as 
simpler tasks are mastered,
 

the successful assembly firm can increase 
its capability to undertake in-house
 

complex tasks of 
product design and component fabrication.
 

Pursuit of an assembly strategy requires a firm to make substantial initial
 

investments, and perhaps absorb substantial initial losses. 1 7 Thus 
it is a
 

strategy that is well-suited to the Korean industrial 
structure with its
 

proliferation of giant conglomerates, and far less to
suited Taiwan, with its
 

preponderance of small 
entrants. Indeed, the extraordinary successes of Korean
 

firms in world 
markets for products as disparate as color television sets,
 

automobiles, video tape recorders and microwave 
ovens has been associated with
 

the pursuit of precisely this type of strategy. Two of the four Korean firms in
 

our field sample -- both suppliers of PCs -- had adopted assembly strategies. 

The next section of this paper draws on our field interviews to explore what
 

might be the strengths and limitations of the assembly strategy, not only for
 

the supply of PCs, but aiso for 
other technology- and innovation-intensive
 

16 This strategy has been analyzed at some length in the Korean context by
 
a number of authors; see in particular Westphal (1982), Kim (1980), and Amsden
 
(1988)
 

17 In some sectors of industry in Korea, government policies of
 
prot .ction and Pssociated high prices in the domestic market have been used as
 
a basis for the cross-subsidizatinn of exports. Thus according to 
a calculation 
by one of Korea's leading trade publications, in 1983 ". . . a color TV was
produced at the cost of $222, exported at $159, and sold at on the$307 

domestic market"; see 
"High Domestic TV Prices Buoying Export Effort", Business
 
Korea, September 1984, p. 81. In the industries that are the focus of the
 
present study, the domestic markecs have been too small make
to such cross
subsidization feasible.
 

http:losses.17
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industries.
 

The 'bootstrap' strategy has received less than
far attention has the
 

assembly strategy. Indeed, given 
the small number of firms in our subsample,
 

our focus on only two product categories and (for at least one of these
 

categories) the limitations of our 
sample, the discussion here is more in the
 

nature of an initial exploration than 
it is 'proof' of the prominent role and
 

successful track record in Taiwan of such a strategy,18
 

One characteristic shared by all firms pursuing a bootstrap strategy 
-- and,
 

as 
noted, evident for all five Taiwanese firms in our sample -- is a small size
 

at entry. What distinguishes successful bootstrap from small
firms19 other 


entrants 
is their rapid rate of expansion. Table 1 summarizes the extraordinary
 

rates of expansion of four of the 
five firms. Projected 1987 revenues of the
 

four 20 firms amounted to $9 million, $20 million, $35 million and over 
$200
 

million. Between 
1982 and 1986 the annual growth ratp in sales of che most
 

18 Anecdotal evidence abounds that innovation-oriented bootstrap firms are
 
unusually prevalent in Taiwan. A number of knowledgeable observers in Taiwan
 
volunteered to us that many Taiwanese firms specialize in the supply for export

markets of products with short life cycles, continually turning over their
 
product lines. A typical sequence of electronics exports ran from electronic
 
calculators to modular telephones to numerous 
generations of electronic toys.

We ourselves observed examples of the phenomenon in additcion to those cited
 
above In the course of interviews with Taiwanese manufacturers of passive

electronic components, and manufacturers of footwear; some of the findings from
 
the footwear industry are summarized in Levy (1987a,b). No parallel pattern was
 
reported or observed by us in Korea.
 

19 Obviously, not all small entrants grow, and not all firms that endeavor
 
to grow, succeed. For 
reasons noted in footnote 6 earlier, our research design

was biased by necessity in a way that inhibit-!d observation o' those firms that
 
entered and remained small, or 
those firms that entered small and subsequently
 
went out of business.
 

20 Sales 
 tn 1986 for the fifth firm amounted to $120 million. Our
 
interviews with this firm (a PC supplier) failed to yield any details as 
to its

trajectocy of expAnsicu; the disc'-ssion in the text thus highlights only the
 
four firms included in Table 4.
 



Table 1: 
The Expansion of Four Taiwanese.Bootstrap Firms
 

Year of Leading
Sales Over Time 
 Entry Product, 1987
 

1978 1982 
 1987
 
FIRM 1
 

Sales 
 $0.1 $1-2 
 $9 
 1978 Keyboards

($ mill) 

FIRM 2 1985 1986 1987 

Sales" $ 4 $12 $21 
 1982 Keyboards

($ mill) 

keyboards 10,000 30,000 50,000 
per month 

1984 1985 1986 1987 
FIRM 3 

Sales2/ 
($ m1.ll) 

$ 2 $ 4 $18 $36 1980 Keyboards 

keyboards 5,000 10,000 50,000 100,000 
per month 

1976 1979 
 1983 1986
 
FIRM 4 

Sales $0.2 ±$ 3 ±$50 $200 1976 
 PCs
 
(S mill)
 

Sources: 
Interviews with, and publicatin materials of, firms
 
Notes : 1/ Calculated assuming an average price for the firm's keyboard
 

sales of $35
 

2/ Calculated assuming an average price for the firm's keyboard
 
sales of $30
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conservative of the firms ranged between 
50 and 100 percent. What are the
 

distinctive characteristics of the patterns of expansion 
 of successful
 

bootstrap firms?
 

A first characteristic 
is that expansion is not necessarily dependent on
 

substantial expenditures of investment. Our discussion of entry conditions
 

illustrated how Taiwanese entrepreneurs can initiate production with little up

front investment required either for production facilities 
or for specialized
 

market information. The evidence from our sample
field suggests that the
 

dependence on subcontracting does not necessarily diminish 
as new entrants
 

become established. Indeed, as noted earlier, even as 
they expanded two of the
 

three Taiwanese keyboard producers kept their fixed investments (and thus their
 

costs 
in the event of failure) to a minimum, farming out to subcontractors both
 

the ma'Lufacture of components and a significant fraction of their orders 
for
 

finished keyboards.21
 

A second, and related, characteristic of the bootstrap strategy 
is a high
 

propensity to undertake initiatives where, at least ex ante, the levels of
 

uncertainty are quite high 
and the probabilities of success correspondingly
 

low. Even assuming identical 
preferences with respect to risk-taking on the
 

part of Korean and Taiwanese firms, the structural conditions that permit
 

Taiwanese businessmen to start-up their operations at small size also appear to
 

encourage Taiwanese entrepreneurs to venture disproportionately into areas
 

where market opportunities are less well-defined 
(at least to the outside
 

observer, lacking the intuition, faith and specialized knowledge of the
 

entrepreneur himself). key low
The is the cost of failure. Insofar as an
 

21 We were unable 
to obtain information on the evolution of subcontracting
 
by the two PC assemblers in our sample.
 

http:keyboards.21


initiative is ill-conceived 
then -- with little up-front investment required 

either for productior facilities or for specialized export market information

- the costs of failure can be kept relatively low.22 But, insofar as an
 

entrepreneur proves 
to be prescient in judgement, traders and subcontractors
 

together provide 
the channels for rapid, incremental expansion of a new
 

business venture, 
even in the absence of heavy investments in plant and
 

equipment.23
 

The third and fourth characteristics 
 of the pattern of expansion of
 

bootstrap firms have to do with the role 
of innovation and technological
 

mastery. The following section presents evidence from our 
field research of the
 

efforts at innovation and techtiological mastery of bootstrap firms. For now we
 

content ourselves with two preparatory observations. First, a willingness 
to
 

pursue ventures involving substantial uncertainty is both a central 
ingredient
 

in innovation-intensive activities- and a central 
 characteristic of the
 

bootstrap strategy; thus successful bootstrap firms are, almost by definition,
 

strongly oriented towards innovation. Second, mastery of complex technology 
is
 

not necessarily part of a bootstrap 
strategy; nonetheless, as we shall see,
 

bootstrap strategies can provide the opportunity to achieve that mastery.
 

22 Note that the costs of failure depend also on 
the legal provisions
 
associated with bankruptcy. It was not possible to conduct comparative research
 
on bankruptcy .laws and their consequences in Korea and Taiwan. The impression
 

gleaned fro-n informal conversations with Korean economists 
 was that
entrepreneors 
there generally were held personally liable for losses, and that
 
bankruptcy frequently ended 
in personal ruin or jail. By contrast, Taiwanese
 
bankruptcy laws follow the principle of limited recovery: 
an entrepreneur is
 
liable only to 
 the point that the capital associated with a particular
 
investment is fully depleted.
 

23 In Taiwan (and also Korea) government finance programs guarantee
 
automatic access to working capital 
to all exporters of manufactured goods.
 

I

http:equipment.23
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STRATEGY AND PERFORMANCE
 

How effective 
are bootstrap and assembly strategies in promoting successful
 

performance in keyboard and PC assembly, and in other frontier industries? The
 

feature that distinguishes frontier 
 from other industries is the more
 

substantial role technology-
of and innovation-intensive activities. 
For all
 

that the two terms often 
are used interchangeably, technology-intensive
 

activities and innovation-intensive activities are quite different from one
 

another. The 
 crucial feature underlying technological-intensity is the
 

complexity of an activity. This complexity may perhaps take the 
form of the
 

application of complex, abstract principles of basic science in the design of a
 

product or in a process of production, or it may take the 
form of know-how
 

accumulated progressively over a long period of 
 time by firms with a
 

specialized competence say,
in, precision engineering processes. 24 Thus,
 

technology-intensive firms those
are 
 that engage in manufacture that requires
 

the application of high technology processes 
or in the design of high

technology products.
 

By contrast to the centrality of complexity in our definition of
 

technological-intensity, following 
the logic of product cycle annlysis, 25
 

fnewness' 
is the defining characteristic of innovation-intensive activities. A
 

firm can be defined as engaging in innovation-intensive 
activities if it
 

endeavors to develop new products 
or cost reducing processes, to extensively
 

24 For analysis of 
the distinction between science-based and craft-based
 
technology, see Rosenberg (1986) and Freeman 
(1982); for the seminal analysis
of learning-by-doing, Arrow The
see (1962). articles on the Korean assembly

strategy, referenced in footnote 11, 
and also Amsden (1984) discuss learning
by-doing in the context of 
less developed countries.
 

25 See Vernon (1966), Porter (1980)
 

http:processes.24
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differentiate existing products, or 
to replicate with rapidity the 
effo:ts of
 

other innovation-intensive 
firms. Efforts at and at
innovation technological
 

mastery may be identical insofar 
as 
the focus is on the development of a
 

complex technological capability thac has 
seen little prior application in the
 

marketplace. But they may be 
entirely divergent insofar as the effort at
 

technological mastery is targeted towards mature 
technologies that, pioneered
 

by other firms, have already seen widespread epplication, or insofar as
 

particular innovations do not involve 
particularly complex technologies. For
 

present purposes, we take a frontier industry to be 
ine in which one or both of
 

technology- and innovation-intensive 
activities play a major role, and a
 

frontier firm to be a 
firm that is engaged in one 
or both of these activities.
 

Our case 
studies offered some insights into the effectiveness of bootstrap
 

and assembly strategies in 
promoting innovation and technological acquisition
 

on the part of 
firms. The field research illustrated vividly the orientation
 

towards innovation of successful bootstrap firms. All Four 
of the firms for
 

which we were able to 
obtain information as to their trajectories over time
 

engaged in an experimental process of trial 
and error as a way of identifying
 

lucrative lines of business. As Table 2 details, the PC supplier began business
 

as an assembler of electronic calculators an4 an importer 
of electronic
 

components 
 into Taiwdn; two of the keyboard firms started up as
 

trader/assemblers 
of PCs, on the basis of purchased components and designs
 

that already had been proven in 
the marketplace; the fourth firm began as 
a
 

manufacturer of molded plastic parts, and of switches for audio equipment. Even
 

when they had identified lucrative lines, three of the 
four firms refrained
 

from specializing in the manufacture 
in large voltue of a single product. As
 

Table 2 reveals these three continued 
to turn over their lines of business,
 



Table 2: Indicators of Orientation Towards Innovation and Technological
 
Acquisition of Four Taiwanese Bootstrap Firms
 

Year of 
Entry 

Number of 
Full-time 
R&D, 1987 

New Products 
Over Time 

FIRM 1 1978 0 Plastic parts and 
switches -- keycap 
-- keyswitch -

keyboard 

FIRM 2 1982 12 PC trading/assembly 

- standard keyboard 
-- membrane keyboard; 
remote control key
board; keyboard with 
mouse 

FIRM 3 1980 50 PC trading/assembly 

--- capacitance key
board - optical 
scanning; language 
translators 

FIRM 4 1976 300 Electronic calculators 

-- learning kit for 
microcomputer design 

--_4-bit PC -- 8-bit 
PC - 16-bit PC -

Chinese language PC 
- 32-bit PC 

Sources: Interviews with firms 
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shifting rapidly to new designs 
of existing products -- and even new product 

lines -- in response to waxing and waning opportunities for profit.
 

As noted earlier, mastery of complex technology is not necessarily part of a
 

bootstrap strategy. Even so, 
as our case 
studies reveal, bootstrap strategies
 

can provide the opportunity to 
achieve that mastery. Efforts at technological
 

mastery have been at the heart 
of the strategy of at least two of four
the 


bootstrap firms included in Table 2.26 These 
two firms did not target from the
 

first technology-intensive activities, 
but gained mastery via an incremental
 

process of graduating from simpler 
to more complex tasks, and from tasks that
 

involved 
relatively little R&D expenditures, to those for 
which the R&D
 

requirements were more substantial.
 

The determined and incremental character of the technological efforts of the
 

PC supplier is clearly evident 
in Table 2, from the early in
firm's success 


marketing a kit teach
to microcomputer design, 
to its successful commercial
 

development (based in large part on designs of its 
own that did not infringe on
 

any prior patents) of 4-bit, then 
 16-bit, and most recently 32-bit
 

microcomputers. By 1987 
this firm had advanced to become, by reputation, the
 

most technology- and innovation-intensive 
of all locally-controlled PC makers
 

in either Korea or Taiwan. Over 750 of its 2,600 workers had at least a college
 

degree; 
and more than 300 were engaged full-time in R&D on at least ten
 

distinct new products.
 

The second technology-oriented bootstrap firm (firm 3 in Table 2) based its
 

26 Although we lack details, the fifth firm -- numberTaiwan's 
 two
 
locally-owned PC supplier 
-- also expanded to become a technological leader in
that nation. The present authors lack the engineering competence to judge
whether the experiments of 
a second keyboard firm with innovations in keyboard

design, including the development of remote 
control keyboards, and keyboards
with a 'mouse' and with electronic games built in involve complex technologies,

or are better viewed as efforts at product differentiation (and thus innovation).
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expansion on mastery of an unconventional, capacitance design for keyboards. 2 7
 

The company, not ccntent 
with success only in the keyboard market, has
 

reinvested its 
profits from keyboards into the recruitment of added R&D
 

personnel, and at the time of our interview had fifty engineers working full

time on the development of new product lines. The primary 
foci of the R&D
 

efforts were on the development of language translation and optical scanning
 

devices; commercial production of optical bar code readers got underway in the
 

second quarter of 1987.
 

Turning to the assembly strategy, the experience of one of the two Korean PC
 

firms that we interviewed reveals how effective that strategy 
can be in
 

promoting technology-intensive activities. The firm 
-- a division of a company 

that was part of one of Korea's largest conglomerates -- decided in 1984 to
 

compete as a supplier of PCs 
to the USA market. Production began in 1985; by
 

December of 
that year the firm was shipping 10,000 PCs monthly 
to the USA;
 

shipments in mid-1987 amounted to 15,000 units per month, with the firm by that
 

time one of the four largest sellers of 
PCs in 
the USA. In the course of its
 

two years of experience, the firm was 
able to build substantial expertise in PC
 

design, and by 1987 had completed nine 
redesigns of the electronic circuitry
 

(the 'motherboard') of its major PC model. At the time of our interview, its 


person R&D team was working full-time on the design 
of a PC compatible with
 

IBM's new range of models.
 

27 Conventional keyboards for PCs use 
mechanical switches to transmit
 
electrical signals; capacitance keyboards transmit these 
.ignals in a way that
does not require a switch, 
while providing an acceptable tactile 'feel'; with

mechanical switches 
amounting (according to the other interviewees) to almost
40 percent of the production costs of a conventional keyboard, the cost savings

-- and thus the potential for profitable expansion --implicit in the
capacitance design are enormous. According to the firm, 
 although the
capacitanc design was developed initially in 
the USA, as of 1987 it was the
world's largest supplier of the capacitance keyboard for PCs.
 

50 

http:keyboards.27
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Technological mastery however,
is not, necessarily part of an assembly
 

strategy. Indeed, at the time of our interviews the second Korean PC operation
 

-- a division in company the of ofa in stable another Korea's leading
 

conglomerates 
-- appeared to be engaged in neither technology-intensive nor 

innovation-intensive activities.28 In 1986 this second firm tocontracted 


supply for two years 10,000 PCs monthly to the USA market at a significant
 

discount on the USA price; 
at the start-up of production, the firm was engaged
 

in little more than the 
(not especially demanding in its requirements for
 

precision) assembly of the various components that go 
into a complete PC, with
 

electronic circuitry designed almost entirely by independent consultants. The
 

record of this operation has, at least thus 
far, proven less than successful.
 

As of mid-1987 not only was the firm producing at well below capacity, there
 

was 
little evidence that the initial experience with assembly had afforded much
 

learning-by-doing on which the firm could build.
 

The setbacks encountered 
by this second firm point to a major potential
 

limitation of an assembly strategy in 
frontier industries. As of 1987 the 
PC
 

remains an immature product, with a relatively short life-cycle. In 1987 IBM
 

introduced a new range 
of PCs, plunging into uncertainty the market based 
on
 

the earlier specification of IBM's perhaps now obsolete (if, that is, the new
 

specification becomes 
the industry standard) machines. The successful exporter
 

of PCs enjoyed two years of exporting into a market which, for all that
 

competition was severe,29 was for a 
well-defined product; for the second
 

exporter, the market was 
plunged into uncertainty less than nine months after
 

28 The firm did have underway some R&D efforts; but none of these had 
as
 
yet had any discernible impact on 
the products it was supplying.
 

29 Over the two year period, retail prices of the successful exporter's PC
 
fell from $1495 to $1095.
 

http:activities.28
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production commenced.30 If 
an assembly strategy is to be successful, a market
 

must be stable long enough for 
the assembler to enjoy the production volumes
 

needed to move down the learning curve.
 

The potential limitation 
is not only a matter of whether in frontier
 

industries a firm with an assembly strategy will have the time 
to move down its
 

learning curve. A successful assembly strategy enable to
can firms become
 

highly productive asvemblers, and gain significant technological mastery, but
 

it may do little to further skills in innovation. Along with the capacity to
 

produce high-quality products at a competitive price, the latter skill requires
 

a keen ear for market intelligence, and the capacity to respond rapidly 
and
 

flexibly to emerging 
market opportunities. least
At a priori, there is no
 

reason to expect that 
firms that become proficient in mass production (even
 

with high-technology processes) will 
also develop proficiency in competing in
 

frontier industries where products 
turn over rapidly and success is measured in
 

the rapidity of response to emerging opportunities.
 

In all, for all the limitations of our sample, case
our studies point to
 

some differences in 
the extent to which bootstrap and assembly strategies
 

promote innovation and technological mastery. To what degree 
 do these
 

differences help 
account for differences between and
Korea Taiwan in their
 

30 This upheaval in the market may not have been the only reason 
for the
 
problems of the second exporter. A second source 
of difficulty may have been
the lack of experience of the company even in related fields of the electronics

industry. To be sure, the firm entered solely as 
an assembler; and the process
of assembling the components 
(all of which were p ocured from independent
vendors) that go into 
= 
personal computer is exceedingly simple, not especially
demanding in its requirements for precision. However, according to the

President of the successful company, its prior experience and expertise in 
a
related (telecommunications) area of activity, was crucial in ensuring that-notwithstanding technical support provided by USA consultants 
-- the firm could
put onto the market 
a quality product, and respond effectively to continual
 
demands for minor modifications.
 

http:commenced.30
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aggregate performance in the keyboard and PC industries?
 

Table 3 summarizes the available industry-wide data. As late as 1983,
 

neither Korea nor Taiwan was a significant exporter of keyboards. Yet, as 
Table
 

3A reveals, as of 1986/7 Taiwan commands four times as 
much industry capacity,
 

six times the value of exports, and seven times the number of firms with sales
 

of 30,000 or more keyboards mnrthly 
as does Korea, One plausible explanation
 

for these differences in performance is that the 
strong orientation towards
 

innovation of Taiwan's 
bootstrap firms, and their associated ability to
 

identify and respond rapidly to emerging market niches, gave Taiwan a powerful
 

advantage in the export 
of keyboards over the assembly-oriented Korean
 

industry.
 

The comparative data on relative performance in the 
supply of PCs are more
 

ambiguous. As is illustrated in Table 3B, 
the value of PC exports from the two
 

countries in 1986 was 
almost identical, with Korea's expansion especially rapid
 

after an initial lag. Our case 
studies in the PC industry revealed that
 

suppliers of PCs 
can run the gamut from low-technology firms that undertake the
 

relatively simple process of assembling the components that go 
into a personal
 

computer, to firms with highly qualified R&D 
teams with the capacity to develop
 

in-house their own circuit designs for PCs. So the 
 similar aggregate
 

performance of Korea and Taiwan might be 
 taken to confirm that assembly and
 

bootstrap firms with varying levels of skill 
in technology and innovation all
 

can participate as suppliers of PCs, if in 31 
very different ways. The
 

disr.ggregation in Table 3B of 
total PC exports by type of sale highlights one
 

aspect of the different patterns of participation. Consistent with the
 

31 It is perhaps worth noting explicitly that firms that operate solely as
 
low-tech assemblers of components and designs supplied by others, 
are not

frontier high-tech firms, for all of their participation in a frontier industry.
 



Table 3: 	Indicators of Performance in the Keyboard and PC Assembly
 
Industries in Korea and Taiwan
 

Korea 	 Taiwan
 

A: 	Keyboards
 

Value of Exports, 1986 $5-$20 million $70-$90 million
 

Number of Assemblers with
 
sales of 30,000 or more 1 
 7
 
units monthly (March, 1987)
 

B: 	PCs
 

Annual 	Export Values
 

1983 
 $36 million $12 million
 

1984 
 84 153
 

1985 
 159 240
 

1986 
 404 	 393
 

Type of Export Sale (1986)
 

'Own-brand' exports by 16% 28%
 
national firms
 

OEM exports for foreign 44 22
 
buyers
 

exports by subsidiaries 40 
 50
 
of multinational firms
 

TOTAL 100.0% 	 100.0%
 

Sources: 	Republic of China, Institute for the Information Industries,
 
A Comparative Analysis of the Information Industry in Korea
 
and Taiwan (Taipei: May, 1987) (in Chinese); Taiwan Electronic
 
Appliance Manufacturers Association, Annual Directory of
 
Manufacturers, 1986/7; Electronic Irdustries Association of
 
Korea, Annual Directory of the Information Industry 1987; and
 
data supplied during interviews with association officials
 
and with firms
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Taiwanese bootstrap orientation, and the associated readier direct to
access 


export markets, exports of 'own-brand' PCs comprise 28 percent of total
 

Taiwanese, but only 16 PC
percent of Korean, 
 exports. Ccnversely, consistent
 

with an assembly orientation in Korea, OEM 
(original equipment manufacture)
 

sales of PCs assembled by Korean firms for 
foreign buyers, often with product
 

design provided by the buyer, accounted for 44 percent of Korean, but only 22
 

percent of Taiwanese, exports.
 

PERFORMANCE IN FRONTIER 
 INDUSTRIES IN AND SOME
KOREA TAIWAN: GENERAL
 
PROPOSITIONS
 

Our field research points to three broad propositions as to the likely
 

future performance of Korean and Taiwanese firms in frontier industries. First,
 

the case studies suggest 
that both the bootstrap and assembly strategies can
 

(but do not necessarily) lend themselves readily to 
the acquisition of complex
 

technologies. 32 The mechanisms of technological acquisition appear, however, to
 

be quite different for each strategy. Given their emohasis on high

productivity assembly, the focus of firms 
(disproportionately Korean) following
 

assembly strategies is likely to be 
on process technologies that permit
 

productivity gains; conversely 
-- given their emphasis on products with short 

life cycles, the focus of firms following bootstrap strategies
 

(disproportionately Taiwanese) is likely to be 
on technologies that facilitate
 

32 The companior, paper 
to this one (Levy and Kuo 1987) explores the extent
 
to which - independent of strategy 
 small size at entry in Taiwan represents


to
an obstacle participation in technology-intensive industries; and,

conversely, the enormous 
size of Korea's leading conglomerates makes for 
an
unusual advantagr in these industries. The conclusion of that paper is that theextent of special advantages -- and disadvantages -- associated with size are 
quite limited. 

http:technologies.32
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the design of new products. 33
 

Second, 
there appear to be significant differences in 
 the levels of
 

performance of Korean and Taiwanese firms with respect 
to innovation. For all
 

of the small size of 
our sample, both evidence and a priori reasoning suggest
 

strongly 
that the bootstrap orientation of Taiwanese firms 
 is fat more
 

supportive of innovation than is the assembly 
strategy of their Korean
 

counterparts.
 

The proposition that Taiwan leads Korea in innovation emerges 
not only from
 

analysis of the diverse strategies of firms in the two countries, but also from
 

a more general perusal of their divergent industry structures. Uncertain
 

outcomes 
and quite substantial prospects of failure are 
in the nature of
 

innovative activities. 
Insofar as a willingness to commit resources 
can
 

increase somewhat the probability of success, the larger size of Korean firms
 

might imply that the probability of success 
of any single effort at innovation
 

is higher in that country than in Taiwan. However, the number of firms 
-- and 

thus of potential innovators -- is substantially higher in Taiwan than in 

Korea: As of 1981 Taiwan had almost three times as many manufacturing
 

enterprises as Korea. In the 
electronics industry alone, 
in 1983 there were
 

2,300 firms in Taiwan and only 633 in Korea.34 some of whom will 
also become
 

33 In electronics industries such as PC assembly, the 
 redesign of
electronic circuitry 
is crucial both for productivity improvement (where the
objective 
 is to achieve identical function with fewer, 
or less costly,

components) and for product development (where the objective 
is to achieve

enhanced product performance of 
some kind). In such industries, there could
well be a convergence 
over time in the technological capabilities of the 
most
successful Korean and Taiwanese firms. Thus the leading Korean and Taiwanese PC

firms both were 
engaged in efforts at PC redesign following the introduction by

IBM of a new generation of PCs in early 1987.
 

34 The electronics data 
 is from Mody (1985) p. 44. The aggregate
statistics are from Republic of Korea, Economic 
Planning Board, Mining and
Manufacturing Survey, 1981, 
and Republic of China, Directorate-General 
of
 

http:Korea.34
http:products.33
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technology-intensive, Thus, even if we assume 
an equivalent propensity for
 

risk-taking on the part of firms in the 
two nations, in any comparison of the
 

total number of successful innovations, the sheer number of risk-takers in
 

Taiwan is likely to overwhelm any putative advantages of the larger Korean
 

35
 
firms.


This brings us to our final proposition. The bootstrap strategies 
of
 

Taiwanese firms, and the large number of new entrants 
in Taiwan, together point
 

to an ongoing stream in that country of innovation-intensive small and medium
 

firms, some of whom will grow to become large, and some of whom will also
 

become technology-intensive. By contrast, long as conditions of
as the entry
 

in Korea inhibit the emergence of dynamic small firms, innovation and
 

technological 
development will be driven by the giant conglomerates. The
 

resulting pattern of advance in 
technology and innovation-intensive sectors is
 

likely to be far more uneven than in Taiwan,36 dependent on a limited number of
 

Budget, Accounting and Statistics, The Report on the Industrial and Commercial
 
Census, Taiwan-Fukien Area, 1981. For the proposition that large numbers of
 
firms is important to an innovation-oriented industrial suructure, see
 
Rosenberg (1985).
 

51 Obviously, if the added prior commitment of 
resources on the part of large

firms can increase the probability of success by more than four times (the

difference in the number of manufacturing firms in the two nations), then the
 
above conclusion would have to be reversed. But such 'bang for the buck' does
 
not seem plausible, especially since the evidence from field research suggested

that successful Taiwanese innovators face few obstacles to 
expansion.
 

36 One illustration of the relative lumpiness of the Korean pattern of
 
expansion is a comparison of the relative shares of the five leading

electronics components in total exports of electronics components from Korea
 
and Taiwan. The total 1986 value of component exports from Korea and Taiwan
 
were 
similar, $3 billion, and $2.8 billion respectively. But the five leading
 
components account for 
73 percent of Korean, and only 35 percent of Taiwanese,
 
exports. 
Absent the two leading components -- semiconductors led in both 
countries, with magnetic tapes 
second in Korea and capacitors second in Taiwan 
-- and Korea's 1986 components exports fall to only $1.1 billion (compared with
 
$2 billion for Taiwan), of which 33 percent (and only 12 percent in Taiwan) was
 
made up of the three remaining largest export items; see Republic of China,
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larger commitments, uncertain in their outcomes. 
While Korea's impressive
 

industrial expansion 
thus far suggests that the possibility of a series of
 

brilliant successes is not negligible, there 
is also a not insubstantial risk
 

of a succession of costly failures.
 

Institute for Information Industries, 
 A Comparison of the Information
 
Industries of Korea and Taiwan (Taipei, i987) p. 25 
(in Chinese)
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