tic]es ‘ _.

S Japanese firms tend to be quicker and more economical
* 'than U.S. firms at developing and mtrodu*cmg new prod-
“uctsand processes, but this advantage seems to exist only

.. among innovations based on external technology, rather

" than internal technology. Whereas U.S. firms put more

- emphasis on marketing start-up, they put much less
+‘'emphasis -on tooling, equipment, and manufacturing fa-

. cilities- than do Japanese firms. Applied R&D in Japan,

. which . focuses more on processes. than in the United

"'States, seems to have. yielded a handsome return; but

v .7 ‘there is no evidence that the rate of return from basic
. research has been relatively high in Japan. In robotics, the

© .. Japanese edge seems to increase as one moves from R&D
.. toward the market.

ly- challenged in many high-technology industries by the
Japanese (7). Yet very little systemaric investigation has been
carried out to determine how much of an advantage, if any, Japan
has over the United States in developing and commercially introduc-
ing the new products and processes that are central to success in

3 ' MERICAN TECHNOLOGICAL LEADERSHIP 1§ BEING SEVERE-

these industries. Intensive empirical studies have not been conduct-

ed to compare the extent, composition, and effectiveness of the
* research and development (R&D) activities of Japanese firms with
those of comparable U.S. firms. We do not have an adequate
understanding- of the differences between Japan and the United
States in the rates of diffusion of many new technologies (2).
: In this article, I summarize some of the principal results of a 2-
*year study, based largely on data obtained from carefully selected
samples of several hundred Japanese and U.S. firms, which shed new

light on these important topics. Differences between the two .

. ‘Table 1, Mean ratic of U.S. to Japanese innovation times and of U.S. o
Japanese innovation costs, from data provided by 50 Japanese and 75 U.S.

" firms for 1985 (3).

Mean ratio of
Innovation costs

Mean ratio of
innovation times

' Industry -
Co . u.s. Japanese U.s. Japanese
; estimates cstimates estimares estimates
;. Chemicais 1.04 0.96 1.02 ‘114
" Rubber 116 1.10 - 1.16 1.22
~ Machinery 117 123 121 1.28
Metals 0.99 118 - 0.95 . L10
Electrical 1.03 1.42 1.04 1.32
Instruments 1.00 1.38 1.23 1.40
All industries 1.06 1.18 LIg 1.23
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tion) of applied research, preparation of project requirements and

‘countries in the quickness and cost of developing and introducing -
new products -and processes are evaluated, and the size, composi-
‘tion, and effects of industrial R&D expenditures in the two coun-
“tries are compared. Also, the introduction and diffusion in both :
countries of a particular new technology, the mdustrlal robot._, are
: analyzcd o el _

s

Time and Cost Dlﬁ'crentlals

- In the chcm1cal rubber, machmcry, instruments, * metals, - and :
electrical equipment-industries (3), firms from both countries tend

to agree that the Japanese develop and commercially introduce new
products and processes more qmckly than the Americans, although

their advantagc in this respect is not as great as is sometimes- .

claimed. This ﬁndmg is based on detailed data obtained from .a

random sample of 50 Japanese and 75 U.S. firms. Averaged over all =
six industries, the tirne differential in 1985 was about 18%, accord- .=

ing vo the Japanese firms, or 6%, according to the 1.S. firms (Table
1). However, the picture varies from industry to industry. In some
industries, like machinery, both the Japanese and U.S. firms indicate
that there was a substantial differential. In other industries, like

“instruments, the Japanese firms indicate that there was a substantial

differential, whereas the U.S. firms do not. In still other industries,
notably chemicals, both the Japanese and U.S. firms indicate thar
there was no large differential. These data pertain to the length of
time elapsing from the beginning of applied research (if there was

any) by the innovator on a new product or process to'the date of the:
-new product’s or process’s first commercial introduction (4).

On the average, the Japanese alsn develop -and commercially
introduce new products and processes more cheaply than the
Americans. Averaged over all six industries, the resource cost

differential in 1985 was.23%, according 1o the Japanese firms, or -

10%, according to the U.S. firms. Here too, the sitnation varies
from industry to industry. For example, in machinery and. instru-
ments, based on both the Japanese and U.S. estimates, the cost
differential seemed substantial; in chémicals, on the other hand, the
U.S. firms do por indicate that any substantial differential existed.
The cost figures used here include all costs to the innovator of

dcvcloping and introducing the innovation. Specifically, they in-

T e BN L1 To

basic specifications, prototype or pilot plant, tooling and manufac-

turing equipment and facilities, manufacturing start-up, and market-

The author is director of the Center for Economics and Technology and
Economics at the University of Pennsylvania, Philadelphia, PA 19104. Thi
adapted from his talk at the 25th anniversary of the School of Management ac
Renssclacr Polytechnic Institute, Troy, NY, 27 February 1988, and from his testimony
before the Joint Economic Committee of Oongress Washmgton DC 2 Deccmber
1987, '
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- .:toohng and manufacturmg cqmpmcnt and facﬂmes is: ahnost'doublc o
- thatin'the United Statés. (Moreover; ‘this differenicei s found in -+
* ., practically” every. mdusn'y in“the’ samplc) This rcﬂccts of course, -
;]apa.ns emphasis “on :process - engineering and -efficient :manufac- -

- turing facilities. On the other hand, the percentage of total innova- -

- tion cost devoted to manufacturmg start-up is s1gmﬁcant1y higherin

. the United States than in Japan: This may reflect grearér difficulties .
~in attaining desired- qua].lty levels in the United States than‘in Japan
and the tendency of Japanese engincers to. work more closely and -

- directly with their work force than American engineers do (6).

- Particularly striking is the difference iti marketing start-up costs— -

that is, the expenses.of pre- mtroducnon marketing activities.. In
every industry in the sample, the percentage of total innovation cost

~devoted to marketing start-up in'the United States is-almost.double ..
~that in Japan. If U.S. firms could: reduce this percentage to the .

- Japanesc level (while: holding constant the -amount they. spend on

-~ other stages of the innovation process), it appears that about 60%-of

' . the ]apancsc cost advantagc Woulcl be cllmmatccl (7)

| Industaal R&D

- Many- observcrs are u‘npresscd by- thc efficiency of ]apanese..'

industrial R&D: Indeed, the president of the Semiconductor Re-
- scarch Corporation has. gone so far as to state thar: “The United
- Srates may never match Japan’s R&D efficiency™ (8, p. 40). If one is
. willing to accept a highly simplified, but frequently “employed,
econometric model (9), the results are consistent with the conten-
tion that applied R&D in Japan has yie s
(10) than.in the United §
given Japan’s greater emphasis on commercial (rather than govern-
ment-financed) projects and its reliance on advanced technology
. from the West, which could'be adapted and improved-at-selatively
low cost. On the other hand, the econometric results provide no
indication that basic research has been particularly éffective in Japan
(11). Based:on these findings, the Japanese advantage has been
confined largely to applied R&D, particularly R&I> concerned with

- the adaptation and improvement of existing rechnology.
Comparison of official data in both countries shows that the
R&D intensity of manufacturing firms has increased more rapidly in
]apan than in the United States, which is not surprising, given the

previous finding that the rate of return from applied R&D has been:

- higher there than here. In 1986, company-financed R&D expendi-
tures in manufacturing were about 2.7% of sales in Japan, in

comparison with about-2.8% in 1985 in the United States (Table 3)

- (12). In 1970, the corresponding figures were 1.3% for Japan and

2.2% for thc Umtcd States In all mdustnes other than machmcry, L

important role in shapmg their R&D programs than doU.S: firms.

‘Japanese firms seem to base ‘about one-third of their R&D projects
" on: suggestions from ‘their ‘production’ personnel: and . customers, -
'whereas only-about one-sixth of U.S. projects come from these
- sources. Both production personnel and customers tend ‘to beusers. -
- of a firns R&D results. In contrast, U.S. firms seem to put more |
émphasis than do the Japancse on the R&D function as.a generator
‘of R&D projécts. Particularly in-the electrical equipment industry, .+
U.S. firms tend to base a larger percentage of their R&D projectson .
“suggestions from R&D pcrsonnci than do- ]apancsc firms.. -

' Composmon of Industrlal R&D

- Because R&D projects are so: hetcrogencous, It is° nnportant w0 -
look behind the total R&D. figures at the ‘composition of firms’ .
- R&D expenditures. Fifty- Japanese firms were chosen at random ini - -

the chemical, electrical equipment, instrument, machinery, rubber,

and metals industries, and for each Japanese firm I pickcd atrandom . .
a U.8. firm of the same industry and approximate size. The firms in -
- this sample carry out about 25% of the R&D in each country in

these industries. Based on detailed information obtained from cach
of these 100 firms (50 matched pairs), the Japanesc seem to devote

about as large a percentage of their R&D expendifures to relatively * - -
risky and long-term projects as do U.S. firms (Table 4}. This differs
greatly from the early 1970s, when Peck and Tamura characterized .- -
Japanese industrial R&D as composed vcry largcly of “low-risk and-

short-term prqccts” (13).

However, it is by no means true that ]apaneec and U.Ss, mdustnal '

R&D have become essentially the same. Whereas U.S. firms report

that almost one-half of their R&D expenditures are going for .

projects aimed at entrely new products and processes, -Japanese
firms report that only about one-third of their R&D expenditures
go for this purpose (14). (Outside the chemical industry, in which
there 15 little difference in this regard, the gap s even wider.) Of
course, this is it accord with a great deal of anecdotal information to
the effect that the Japanese devote more of their R&D resources to
the improvement and adaptation of existing products and processes

(rather than to the development of cnnreiy new products and

" Table 4. Composition of R&D expenditures, 100 firms (50 matched pairs), Japan and the United States, 1985 (9).

\Strments; paper;’ “and: petroleumn, Japan has narrowed the gap. .
substantially. Tn some industries (food, textiles; metals; and rubber) ..
“Japannow leads; in"other. mdustncs (paper, petroleum, machinery, - *
‘and instruments) the United States now leads; and in thc Test thcrc'_. s
_1s a relatively small difference in R&D intensity. ' ,
Japanese firms seem to. give users of their R&D rcsults a'more .

Percentage of R&D expenditures

Industry

Projects

Rasic Applied Products Entirely Projects with
b cl: CP Cch (rather than new products <0.5 estimated expected to
researc resean processcs) and processes chance of success fast >5 years.
N . All industries combined -
Japan 10 _ 27 . 36 32 26 . 38
United States 8. _ 23 68 47 : 28 Co -38
ey e . o . T s " Chemicals* a ‘ Lo ' o
Japan .~ . S 42 L 48 42 [ ’ 39
United States L1 .. 39 : 74 : . 43 Cnn 39 SR oo 4l
: S i Machlnery,T instruments, metals, and rubber E L ! .
Japan o 9 o 23 o 32 28 o 26 37
United States 4 b ) 62 .51 i . 16 36 .
*Including dmgs. - tIncluding electrical equipment and computers. .
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“The D1ﬁ'11310n of Industrlal Robots B

Although the industrial robot was largely an Amcncan lﬂVClltIOIl

data I obtained from a random sample of 100 major. firms, it took,
on the average, about 12 years {from the date of first use in. the
relevant industry) for half of the major “potential ‘users in ten
industries—autos, auto parts, electrical equipment, appliances, steel,

‘other machinery—to begin using robots. (Table 6).. Tn contrast, it
ook only about 5 years, on-the average, for half of the potential
users in an industry to begin using numerically controlled machine
tools, an important precursor of robots (19). :

In Japan, where U.S. robotics tcchnology began to bc transferred
in the 1960s, the rate of imitation was faster than in the United
States. On the basis of data I obtained from a random sample of 75
firms, it took, on the average, about 8 years (from the date of first

" use in the relevant industry) for half of the major potential users in
.four industries—autos, electrical equipment, metals,” and machin-
ery—to begin using robots. In both the United States and Japan, the
~imitation process can be represented reasonably well by a simple
“econometric model' T suggested a number of years ago (20).
Accordmg to the results, fapan’s higher rate of imitation can be

experience in the United States and elsewhere. -

Turning from the rate of imitation (the growth over time in the
number of firms using robots) to the intrafirm rate of diffusion (the
growth over time in the number of robots used by a firm), it seems
clear that the intrafirm rate of diffusion has tended to be much
greater in Japan than in the United States. In my sample, the
numnber of robots used per 10,000 employees in 1985 was about
four to eight times as great {(depending on the industry) in'Japan as
'+ in the United States (21).

" In considerable part, this observed difference in robot use be-
tween Japan and the United States seems to be due to differences in
the mintmum rate of return required to justify investing in robots.
‘Whereas the Japanese often invest in robots yielding returns of 20%,

"U.S. firms frequently insist on 30% or more. This difference in
minimum required rates of return has been noted in other studies as

- well, and it may reflect a tendency, cited by Kaplan (22) and others,
~for U.S. firms to exaggerate their cost of capital. On the basis of data

1 obtained from the Japanese firms in the sample, it seems that, if
they had applied the same “hurdle rates” as their U.S. rivals, their

" robot use would have fallen by 50% or more.

-~ Conclusions

At least five conclusions seem to follow from the studies described

above. First, with respect to the differences between the two .

countries in innovation cost and time, the situation is much more

Thave substantial advantages in this regard in some industries (nota-
" bly machinery), they do not seem to have any substantial advantage

¢ in others (notably chemicals). Whereas they have very great-advan-.

tages in carrying out innovations based on external technology, they

1 internal technology.
T, Second, a large part of America’s problem in this regard scems to
bc due to its apparent inability to match the Japanese as quick and

effective users of external technology. As Brooks has warned, “The
T Tiniend Cs
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. - Table 6 Nuniber of years before! half of ajor- potcntlal u.sers mtroduc
7 robots, ]apan and Umted States, by mclusr_ry (19). - :

" the rate of imitation for industrial robots in the United States was' S
slow, relative to other major industrial innovations. On'the basis of -

nonferrous metals, acrospace, farm machinery, machmc tools, ‘and -

Number
Industry “of years -
: S United States -~ - o
CAutos and trucks - _ e . 15
Auto parts and equipment : . T8
- Electrical equipment ' o i 17
-, Appliances 19
Nonferrous metals T ) a0
" Steel ) : D © 3
Farm and construction machmcry ‘ 18
Machine tools and industrial machmery . ST 16
. Other machinery* - ; |
.Acrospace' . ) : SR 7
‘Mean ' N )
B  Japan N
Autos ) 6
Electrical equipment 2
Metals : - : . 9
Machinery : : - 15
Mean T 8

cxpla.mcd cntlrcly by its later start, which enabled it to use carlier -

" propensity to overlap various stages of the innovation process, their [

. varied and complex than is generally portrayed by the largely
- anecdotal accounts that have begun to appear, Whereas the Japanese.

do not seem to have any in carrying out innovations based on -

*Because the sample in this industry is small, this rcsult shou.ld be :rcated with
constdcrablc caution. -

lost thie art of creative” 1mltat10n” {23, p. 17). This is not to deny that y. :

part of the Japanese advantagc may be due to factors like their

subcontractor network, and their fewer organizational barriers and
better communication between functional departments of firms. But
the fact that the Japanese advantage tends to be limited to innova-
tions based on external technology suggests that it is in this area that
many central problems Lie.

Third, part of these problems may be rclated to the differences
between ]apa.n and the United States in the way resources are
allocated in the industrial innovation process. Whereas U.S. firms
emphasize marketing start-up to a much greater degree than do the
Japanese, they put much less emphasis on tooling, equipment, and
manufacturing facilities than do Japanese firms. Perhaps U.S, firms
might consider whether they safely can reduce the cost and time
devoted to marketing start-up without impairing the vital interface
between R&D and marketing. Although it would be foolish for the
United States, which has long been at the forefront of industrial
innovation to attempt mindlessly to mimic the Japanese, it would
also be foolish not to try to learn from them.

Fourth, my results, which are subject to many limitations detailed
elsewhere (9), support the contention that applied R&D in Jap

- has yielded a handsome return, higher than in the United States. In

large part, this can be explained by Japan’s greater emphasis on
commercial (rather than government-financed) projects, by its
ability to obtain Western technology that was more advanced than
its ow, and which could be adapted ahd improved at relatively low

 cost, and by its emphasis on process technology, whick according to

many experts has tended to be neglected in the United States. On

- the other hand, there is no evidence that the rate of return from basic
research has been relatively high in Japan. Apparently, the Japanese l‘

advantage has been confined largely to apphed R&D, partlcularly
R&D concerned with the adaptation and improvement of existing }
technology.

-Fifth, my results concerning robotics, an important area where
the Japanese currently seem to have an edge, suggest that the
Japanese advantage increases as one moves from R&D toward the
market. Whereas the Japanese seem to be quicker and more efficient
innovators they do not seem to be more effective at R&D. Whereas

ha diyead v obots than 1. Q firms. thev have
oicy have introduced many moid rocois i 115, LKy 0ave
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used robots as-fully as it should; the pnnc1pal fault does not seem 10

.* behind competitively, it is due frequently to problems not so much

: science; and tcchnology
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: proccsses) than do U.s: ﬁrms

" attention to process innovation than in the past, my results do not -
- indicate that there was any perceptible increase between 1976 and

Even more stnkmg is'the dlﬁ'ercnc, betwccn ]apancse _d.U

b ﬁrms in their allocation of R&D resources:between projects aimed. -
-t improved :product technology and: projects aimed at-improved
“process technology: The U.S. firms in this sample devote about two- -

- thirds of their R&D éxpenditures to improved: product tcchnology. :
(new products’ and product ' changes): ‘and -about. one-third. to -

~ -improved process technology (new processes and process changcs) .
- Among the Japanese firms, on the other hand, the proportions are. -
. reversed, two-thirds ‘going for: improved: process tcchnology and .
one-third going for improved- product tcchnology (15).

- These results shed new light on 2 major issue conccmmg industri-

20}. Contrary to the common impression that U,S. firms have in
recent years begun . to react to. such criticisn by paying more

1985 in the proportion of their R&D expenditures devoted to new

.. or improved processes. Thus, in terms of the allocation- of their
R&D funds, U.S. firms do not seem to have put more cmphasm on
' processes, dcspltc tlns crmasm '

- Industrial Robots: A Case Study

An important industry in which the Japanese are often cited as

. being ahead of the United States is industrial robots. Given that this

is the case, it is interesting to compare the innovation process in the
two countries in this industry. From data obtained from a sample of
U.S. and Japanese robot producers that-account for almost 90% of

- U.S. robot output and about 20% of Japanese robot output, it

appears that the Japanese tend-to be faster (by abour 20 to 30%) and
usc less resources (by:about 10%) than their U.S. rivals in develop-

-ing and introducing a new robot (of comparable novelty, impor-

tance, and complexity). U.S. firms devote a much larger perccntage

turmg cqulpment -and facilities than do Japanese firms-(17).

innovation -costs to tooling' and. manufacmnng facilities than do

ing.

.that the. propomon ‘of R&D: expenditure devoted to relatively long-
term projects {those expected. to last more than 5 years) does. not
differ significantly. between the two countries—and the sample

* proportion is higher in the United States than in Japan (Table 5).

Moreover, in contrast to other industries (as shown in Table 4), the
share of R&D expenditure devoted to new products and product
improvements (rather than new processes and process improve-
ments) is hlgher for Japanese robot firms than for U.S. robot firms.

Perhaps this is an indication that, as their technology becomes more '

advanced aid they become world leaders in' particular. areas, Japa-

* nese firms will devote more resources to product R&D (relative to |

process R&D), and become more like U:S. firms in this respect.
In both countries, high-growth robot producers tend to be more
research-intensive and technologically ambitious . in their R&D
programs than low-growth robot producers. The percentage of sales
devoted to R&TD) was about two or three times as great among high-
growth as among low-growth producers. The percentage.of R&D
‘expenditures devoted to rescarch (rather than development), and the
percentage aimed at entirely new products -and processes, was at
least twice as high among high-growth as among: low-growth
producers. In the robot industry, the more successtul firms seem to

~devote a- larger share of their R&D to more fundamental -and -

“technologically ambitious projects, which is hkely to have contnbut-
ed to their success (1 8).- :

- Table 5. Composmon of R&D cxpenditurcs Iapa.nese and U.S. robot producers 1985 (1 8)

Perccnmgc of R&D expenditures .

Characteristics-
of firms*

New products and product

Entirely new products

g ] Basi;'rescapch Applied rescarch improvements and processes . to last =5 years
Japanese firms 12 - ' 23 65 51 . 10
" Large _ 12 24 65 . B3 8

Small : 11 R V4 73 o 10 o 34
High growth 15 32 73 S e T 6
Low growth 6 . 11 51 : 34 _ ‘12
" U.S. firms 13 21 39 : 46 ' 17
Large 15 ) - 23 41 44 11
Small : 2 8 25 : 56 .50
High growth 14 29 48 52 12t
Low growth 15 4 22 19 11+

" *In the United States, a small robot producer is one with 1984 sales below §5 million; a farge robot produccr is one with 1984 sales of $5 million or more. In Japan, a small robot

- producer is one with 1983 sales below 800 million yen; a large obot producer is one with 1983 sales of 800 million yen or more. In the United States, high-growth producers are

defined as those that had more than a 50% average annual increase in robot sales from 1982 to 1985; low-growth gxroduccrs are those that had 2 50% increase or less. (Of course,

this is 2 short period, but the robot industry is very young. In one case where data were unavailable for 198210 198
. Japan, high-growth producers are those that had an average annual
age annual growth rate of 50% or less. (In cases where data were unav:ulablc for 1979 to 1984, the growth rates had to be based on only part o
wih.” Joint ventures between U.S. and Japanese firms are omitted, since they are neither purely Americarinor purely Ja-
TBecause of lack of data not all of the sample can be classified as “hxgh grawth” or “low growth ? This cxplams why both thcse pcxccntagcs are below the ﬁgure of 17%

given in this cohima for all U.S. firms.

of the sample can be classified as “high growth™ or “low growth
pancse.
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the period.) For lack of data, not all
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37% vetsus 10%) of mnovanon cost to markcnng start-up, and’a
ffmuch lower perccntagc {4% ‘versus 23%) to'tooling and manufac— :

:The composition ofinnovation: Costs. differs betwcen high- growth -_: 2
and low-growth robot producers. In-both countries, high- growth-
robot produccrs tend to devote a*much higher proportion of .

low-growth robot producers; and the propottion devoted .to mar-. -

keting start-up-seems to ‘be. much lower among high-growth than

low-growth robot proclucers Tn this industry at least, it appears that - -
#+" the: more successful firms in both countries; like the Japanese, tend

L to cmphasmc manufacturmg n the innovation proccss, not market- .

- al R&D . in the United States. ‘Many observers. have criticized 1.8, .~ -
-~industry for: neglecting: process “innovation.” As ‘the ' President’s

:Commission on Industrial Competitiveness. puts it, “Tt does us little -
‘good 1o design state-of-the-art products, if within a short time our
foreign competitors can manufacture them more cheaply” (16, p. -

‘Given the oft—stated asscrnon that Iapanese managers are oftcn -
more patient than their U.S: counterparts, it is interesting to note

‘Projects expected

the growth rate had to be based on only part of the period. ) In .
growth rate of sales of more than 50% during 1979 10 1984; low-growth groducers are those that had amaver-

i
i
[
|
:
!
H
i




ling: start-up. Bccause thc ]apa.ncsc cost ﬁgurcs. were converter
to dollars-on the basis of purchasmg power parities for resources

much-the resources uscd n ]apan would havc cost in thc Umtcd
States, -

U8, firms in the chemical industry {defined broadly to include

“ 'tries. The sample is -composed of 30 matchéd pairs; each pair
7 .consists of a U.S. and a Japanese firm of roughly comparable size in
" the same industry. Every firm indicated how much dme and money
* it devored, on the average, to the development and commercializa-
" _tion of each of the new products it introduced from 1975 to 1985,
.+ depending on whether the product was based on exrernal or internal
- technology. According to expert opinion, the new products intro-
" duced by cach pair of firms were reasonably comparable.
;- Like the estimates obtained from the 125-firm sample described
“above, the resuits indicate that the JTapanese tend to have significant
-cost and time advantages over U.S. firms. However, these advan-
7 -tages seem to be confined to innovations based O extermal te
‘%OMC the cost and tune differentials are greater than those
' ipdicated above). Among innovations based on internal technology,
..~ there seems to be no significant difference in average cost or time
~ between Japan and the United States (5).

.'Innovations Based on External Technology

- As a first step toward understanding why the Japanese have cost
and time advantages over U.S. firms with respect to innovations
‘based. on exvernal technology, it is important to recognize that,
according to the above data, U.S. firms take almost as long, and
spend almost as much money, to catry out an innovation based on
external technology as one based on internal technology. In the
. development part of the innovation process {beginning at the start
of R&D and ending when the product is developed), a U.S.
innovation based on external technology takes less dme and money

than one based on internal technology; but in the commercialization

part {beginning when the product is dcvelopcd and ending when it
is first introduced commercially), the time and cost are at least as

- _great as one based on internal technology.
* In Japan, on the other hand, firms take -about 25% less time, and
l}spcnd about 50% less money, to carry our an innovation based on
external technology than one based on internal technology. More-
over, this is true in all industries included in my study. The contrast
-+ between Japanese and U.S. firms in the commercialization part of
- the mnovatrion process is particularly striking, Whereas in the
. United States the commcrcmhzatlon of an mnovatlon based on
external technology takes more time and about as much money as

the commercialization of one based on internal technology, in Japan .

~ it takes abowut 10% less time and over 50% less money than the
. commercialization of an internal technology—based innovation.

Many innovations based on external technology are new products

that imitate others in important respects.” The relatively higher

commercialization cost for innovations based on external technolo-

gy in the United States than in Japan seems to have been due in part

1770

-used in the innovation process, they indicate apprommately how'

;- To understand the. factors rcsponsnblc for thcsc cost and tlmc_f_
“differentials, one must recognize that some innovations are based.*
*largely on cxternal technology (that is, technology ‘developed out-" -
side_the ihnovating firm), whereas others are based largely on .
internal technology Tthat is, - technology. developed .within. the -

.innovating firm). To see whether these cost and‘time d.lﬁ'crentlals:
depend on whether innovations are based on internal or external .-
~'technology, T picked a random sample of 60 major Japanese and - - S S e _ _
- pharmaceuticals and petroleum), the machinery industry (including Resource Aﬂocauon in the Innovation Process.

- ‘computers), and the electrical equipment and instruments indus- - :

. Japanese - firms, in carrying ‘out an -innovation;- allocate: their -
. resources quite differently than do U.S. firms. Table 2 shows the

proportion of the total cost of developing and. introducing-a new

product (introduced: in -1985): that - was incurred in .each of the =
following stages of the innovation process:. applied research, prepa-. -
ration of project requirements and basic specifications, prototype or - .
pilot plant, tooling and: manufacturing equipment and- facilities, . -
~manufacturing start-up, and marketing start-up. My sample was o
" chosen from:the chemical, machinery, electrical cqulprnent, instru-: o
ments, rubber, and ‘metals industries (3). It contains 50 matched

" pairs, in which each pair -consists of a U. S. and ]apancsc ﬁml of

roughly comparable size in the same industry.

" The percentage.of total innovation . cost dcvoted in- Iapan to

Table 2. Percentage distribution of innovation costs, 100 firms, Japan and

the United States, 1985 (5).

' ‘ " Japan* . . United

© Stage of innovation process . . 0oF : -States .
- & S » %)
Applied research ‘ N 18
Preparation of product specifications - eI 8
Prototype or pilot plant-- . L ele . 17
Tooling and manufacturing equipment . S 23

 and facilities . ) - .
. Manufacturing start-up T (/I 17
Marketing start-up B : AR : ' s 17
Total : S 100 - 100

#Due to rounding, numbers do not sum to total. '

Table 3. Company R&D ﬁmds as a pcrccntagc of net salcs, Japan and thc

"United States (12):

United
Japan :
Indus States
&l (1986) (1985)
Food ' ) 0.8 o D4

Textiles o2 .05
Paper o . .07 - 1.3
Chemicals ' R 3.8 : 4.7
Peyrcleum : D 04 - 0.7

Rubber- g : S 128 22
Ferrous metals i 19 05
Nonferrous merals -~ - : SR B : 1.4
Fabricated metal products 1.6 .13
Machinery ' 2.7 . . .58
Electrical equipment . .. 54 T 4.8
Motor vehicles 3.0 3.2
Other transportation equiprment - 26 S W)
Instruments 45 0 9.0
Total manufacturing ' 2.7 ' 2.8
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&, in’ carrymg out such inhovations, have._ S
been more hkc[y than the Americans to make mgruﬁcant technical”.
'.radaptatlons of the lmltatcd product ‘and ‘to rcducc its production L
COsts; substantla!ly The Americans have been more inclined than the - * -

+ - Japanese to-invest hcavﬂy in: markctmg start-up costs in an effort to. " |
position’ such innovations: opnmaﬂy in the: market; the emphasis - -
-’being more.on. markcnng strategies than on technical performance
and production cost. On; balance, despite thc Japanese emphasis on .
tooling, equipment, and facilities, ‘this ‘scems to have resulted in . -/~
*relatively. high commeraahzauon costs” for, such innovations in the- Sy
~United Statcs : T




