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Abstract

In light of the significant technology inducement of a dynamic game among leading high-tech firms, and also of the leading role
of assimilation capacity (the ability to utilize technology) for this game, numerical analyses and empirical demonstrations are
attempted, taking Japan’s 24 leading electrical machinery firms over the last two decades. On the basis of the intensive analyses,
specific techno-sales structure of the industry are identified including (i) explicit division of two groups according to firms size by
sales in which smaller firms cannot manage to jump up to the bigger firms group, and (i) continuous decrease in R&D intensity
starting particularly from the middle of the 1980s. In addition, sources compelling leading electrical machinery firms to such a
techno-sales structure are identified in a context of dynamic interactions between assimilation capacity, technology spillovers, sales
and R&D intensity. These findings provide significant policy implications suggesting that the identification of optimal dependency
between indigenous technology and spillover technology in a global technology spillover context is urgent.
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1. Introduction R&D resources being beyond the reach of smaller firms,
and more effective and efficient utilization of techno-

The dramatic advancement of information technology logies developed elsewhere which “spill over” into the
(IT) and economic globalization has accelerated the market is necessary. Following Cohen and Levinthal
growth and spread of global technology spillovers (1989) and Watanabe (2000), effective utilization of
(Watanabe et al., 2001a). Facing low or negative econ-potential spillover pool largely depends upon assimi-
omic growth and consequent R&D stagnation, effective lation capacity. Assimilation capacity is a function of the
utilization of technology from the global marketplace level of technology stock and the ability to maximize
has become an important competition strategy leading tothe benefits of a learning exercise (Watanabe et al.,
greater concern for assimilation capacity (Watanabe et2001b; Cohen and Levinthal, 1990; Albu, 1997; Note-
al., 2001a; Nadiri, 1993; Maurseth and Verspagen, boom, 1999; Wieland, 2001) and it depends on the level
1999). of R&D expenditures.

Thus, dynamic interactions between assimilation In addition to these pioneer works to incorporate
capacity, technology spillovers, sales and R&D intensity assimilation capacity in a dynamic game of firms techno-
have become a crucial issue particularly for high-tech sales strategy, Berner and Rushton (1989) analyzed the
firms. Under this circumstance while highly intensive contribution of R&D to sales growth. Henderson and
R&D activities with huge investments are needed, these Cockburn (1993) considered the effects of scale and

scope factors and spillover effects. Veugelers (1997) and
Bayoumi et al. (1996) analyzed the role of assimilation
"+ Corresponding author. Tel+81-3-5734-2248; fax+81-3-5734- capacity as a means of external technology sourcjng. The
2252, technology spillovers between sectors and over time was
E-mail address: chihiro@me.titech.ac.jp (C. Watanabe). studied by Verspagen and Loo (1999), Griliches (1979),
Anastassios (1994) and Jaffe (1986).
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However, notwithstanding these efforts, existing
works remain limited not encompassing systems context.

This paper attempts to undertake numerical analyses
and empirical demonstrates of this dynamic game in a
global technology spillover context focusing on electri-
cal machinery industry, major contributor to the
advancement of IT and typical high-tech industry facing
severe competition.

Japan’s electrical machinery industry plays an
important role as the locomotive of Japan’'s industry. It
makes 17.6% value added (GDP) and attracts 37.9% of
R&D expenditure out of Japan's whole manufacturing
industry in 1999.

In this paper specific techno-sales structure governing
the foregoing dynamic game and sources compelling to
such atechno-sales structure are analyzed taking Japan’'s
24 leading electrical machinery firms over the last two
decades.

Section 2 reviews the state of R&D structure in these
leading electrical machinery firms. Section 3 analyzes
the behaviour of technology assimilation capacity. Sec-
tion 4 examines the interactions between assimilation
capacity, R&D expenditure and sales. Section 5 briefly
summarizes the implications of the analysis.

2. State of high-level R&D intensity

2.1. Level of R&D intensity in electrical machinery
industry

R&D intensity varies a great deal from industry to
industry. The state of R& D intensity in different sectors
of Japan’s manufacturing industry in 1998 is shown in
Fig. 1. Looking at Fig. 1 we note that R&D intensity in
electrical machinery industry holds the third position at
6.3% after pharmaceutical and precision industry in
1998. This value is well higher than the average value
being 3.9%.
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Fig. 1. R&D intensity in the Japanese manufacturing industry in
1998 —R&D expenditure per saes (%) (Not including
pharmaceutical). Source: Report on Survey of Research and Develop-
ment (Management and Coordination Agency, annual issues).

In order to analyze the relationship between firm size
and the level of R&D intensity, Table 1 shows the corre-
lation between sales (S and R&D intensity (R/S where
R: R&D expenditure) in R&D intensive Japanese electri-
cal machinery and pharmaceutical firms over the period
of 1979-1998, by dividing into five periods. 1979-1982
(after the second energy crisis and before the fall of
international oil prices); 1983-1986 (after the fall of
international oil prices and before the “bubble
economy”); 1987—-1990 (during the period of the “bubble
economy”); 1991-1994 (after the burst of the “bubble
economy”); 1995-1998 (during the further stagnation
of economy).

Table 1 suggests that while increase in R&D intensity
in electrical machinery contributes to increase in sales,
sales in pharmaceutical industry decreases as its R&D
intensity increases over the whole period examined.

This analysis suggests a strong structural relationship
between firm size by sales and the level of R&D inten-
sity in Japan's electrical machinery industry.

2.2. Sate of contribution to sales

R&D intensity’ s positive contribution to sales increase
provides multiplier impact on R&D expenditure induce-
ment leading to multiplier impact on the creation of tech-
nology stock (T) (see note). Astraditional growth theory
advises, technology stock generally provides significant
contribution to sales increase.

Table 2 demonstrates this postulate by analyzing the
correlation between sales and technology stock of each
respective firm by dividing the total period into five per-
iods as explained before. Looking at Table 2 we note
that the sales of the 24 leading R&D intensive firms are
strongly governed by technology stock in all periods
examined in Japan’s electrical machinery industry.

Note: In S=a+bIn R/S b>0 (Table 1)

AS AR/S d
5 PRs (As_dt)
Table 1

Coefficient of correlation between sales and R&D intensity of R&D
intensive Japanese electrical machinery (EM) and pharmaceutical (PH)
firms (1979-1998)2

EM PH
1979-82 0.14 (2.36) —0.20 (—4.01)
1983-86 0.17 (2.99) —0.19 (—4.66)
1987-90 0.17 (5.44) ~0.17 (—4.18)
1991-94 0.18 (6.02) —0.13 (—3.40)
1995-98 0.17 (5.25) —0.09 (—2.05)

a Coefficient is depicted by a parameter b of the following equ-
ation: InS=a+bInR/S. Figures in parentheses indicate t-values, al sig-
nificant at 1% level.
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Table 2

Coefficient of the correlation between sales and technology stock of 24 R&D intensive Japanese electrical machinery firms (1979-1998). Model:

S=ATP, In S=In A+o;D; In T2 where A: scale factor; and o elasticity

1979-83° 1984-86 1987-90 1991-94 1995-98 adj.R? DW

1 Matsushita Electric Industrial 111 (140) 1.41 (12.84) 1.66 (543) 148 (7.41) 145 (9.20) 0971 1.15
Co., Ltd.
2 Nippon Electric Industry Co., 137 (2.13) 146 (3.86) 1.49(6.59) 144 (8.39) 1.84(12.49) 0.981 2.13
Ltd.

3 Hitachi, Ltd. 093 (1.89) 1.15(3.99) 1.22(6.93) 1.17(9.78) 1.24(12.97) 0.983 1.04
4 Toshiba Corp. 111 (239) 142 (5.18) 1.61(9.70) 1.47 (12.92) 1.56 (18.20) 0.991 1.69
5 Fujitsu Ltd. 125 (1.02) 149 (204) 1.70(3.93) 122 (507) 149 (7.70) 0.955 1.33
6 Mitsubishi Electric Corp. 1.30 (165) 1.57 (3.35) 1.92(6.69) 1.69(8.95) 1.93 (12.37) 0.982 1.17
7 Sony Corp. 121 (1.08) 1.22(1.89) 150 (3.92) 1.36(6.09) 1.30(8.86) 0.957 0.79
8 Canon Inc. 164 (345) 1.62 (552) 1.67(9.47) 171 (15.74) 1.71 (24.98) 0.994 112
9 Sharp Corp. 0.87 (1.46) 1.65(4.63) 1.69 (7.68) 1.67 (11.10) 155 (15.14) 0.988 1.67
10 Sanyo Electric Co. Ltd. 0.44 159 (2.79) 2.07 (6.04) 1.50 (8.18) 1.34 (10.88) 0.978 1.96

(0.53)%*
11 Matsushita Electric Works, Ltd.  2.00 (1.65) 1.72 (2.29) 252 (5.31) 2.89 (9.05) 259 (11.60) 0.983 1.47
12 Victor Co. of Japan, Ltd. 213 (1.84) 245 (356) 2.15(502) 155(5.12) 177 (6.78) 0924 1.45
13 Fuji Electric Co., Ltd. 0.5 (1.50) 0.15(2.32) 0.19 (4.88) 0.19 (7.23) 0.17 (8.33) 0.966 1.28
14 Kyocera Corp. 0.08 (1.75) 0.15(5.55) 0.15(8.93) 0.14 (11.02) 0.21 (18.59) 0.993 2.33
15 Oki Electric Industry Co., Ltd 0.11 (1.27) 0.16 (3.06) 0.21 (6.57) 0.19 (8.63) 0.17 (9.79) 0.975 131
16 Pioneer Electronic Corp. 0.11 (0.97)* 0.09 (1.36) 0.14 (359) 0.14 (5.17) 0.12(6.01) 0.935 1.10
17 Alps Electric Co., Ltd. 0.10 (0.79)* 0.21 (2.63) 0.20 (4.19) 0.10(3.99) 0.09 (4.69) 0.918 1.67
18 Casio Keisanki Co., Inc. 0.22 (2.06) 0.22 (342) 0.22(5.60) 0.24 (9.14) 0.25(11.92) 0.980 152
19 Rohm Co., Ltd. 0.08 (1.07) 0.3 (2.89) 0.16 (6.03) 0.13(8.84) 0.15(15.01) 0.985 1.43
20 Aiwa Co., Ltd. 0.45(3.20) 0.31(3.78) 0.29 (5.85) 0.32 (10.50) 0.36 (18.69) 0.990 1.87
21 Y okogawa Electric Corp. 0.18 (1.60) 0.28 (4.15) 0.32(7.61) 0.25(8.83) 0.20 (10.28) 0.976 2.03
2 Japan Radio Co., Ltd. 017 (201) 021 (3.75) 0.28 (8.33) 0.27 (14.53) 0.27 (22.22) 0.994 1.89
23 Meidensha Corp. 0.47 (1.92) 0.37 (246) 053 (5.58) 0.53(8.28) 0.44(9.83) 0.974 1.20
24 Kokusai Electric Co., Ltd. 0.47 (2.66) 053 (5.03) 0.51 (7.73) 0.47 (10.22) 0.61 (14.68) 0.987 1.78

a D; indicates dummy variables, D,: 1979-1982=1, other years=0; D,: 1983-1986=1, other years=0; D;: 1987-1990=1, other years=0; D,: 1991—

1994=1, other years=0 and Ds: 1995-1998=1, other years=0.
b * indicates statistically insignificant.

AR AR/S AS
j— +7

R RS

AR/S
S

=(1+ b)m 1+b>1

stock and sales in 24 leading R&D intensive firms in
1998. Looking at Table 3 we note that 24 firms cover

I:zl—m
T=Remt(1-p)Tis To:p_'_g
where T technology stock at timet; m: time lag between
R&D and commercialization; p: rate of obsolescence of
technology, and g: increase rate of R at initial period.
R

thM Incaset>m—1, T=——
ptg p+g

AT 1 AR_1+b A(RIS

T. ptg R ptg RS
thus, R/S induces R leading to multiplier impact on the
creation of T.

Thus, we have identified the inducing mechanism of
R&D intensity to sales increase in Japan’s electrical
machinery industry through RIS-R—T—S

2.3. Sate of technology structure in electrical
machinery industry

Table 3 summarizes the state of the interaction
between R&D intensity, R&D expenditure, technology

56% of sales and 82% of R&D expenditure for Japan's
entire electrical machinery industry’s sales and R&D
expenditure, respectively. Table 3 indicates that the
R&D intensity of these 24 firms ranks between 2.8% to
8.9% in 1998. Table 2 suggests that technology stock
strongly governs the sales of the firms. Table 3 demon-
strates the similar contribution of technology stock to the
volume of sales of respective firms as well.

Given the significant contribution of technology stock
to sales in Japan’s electrical machinery industry, our
concern goes to the structure of the technology stock.
As suggested by Cohen and Levinthal (1989) and Wat-
anabe et a. (2001a), technology stock consists of
indigenous technology (T;) and assimilated technology
spillover (ZTg, where Z: assimilation capacity;
T2+ T;: potential technology spillover pool).

Therefore, contribution of technology stock to sales
can be enumerated as follows:

S=AT°‘=A(Ti +ZTS) (1)

where A: scale factor; and o elasticity of technology to
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Table 3
State of sales and R&D structure of 24 R&D intensive Japanese electrical machinery firmsin 1998: Yen bil. at 1990 fixed prices®
No. Firm Sales R&D expenditure R&D intensity T; TilTs (%)
1 Matsushita Electric Industrial ~ 6247.7 478.4 7.6 2539.0 17.56
Co., Ltd.
2 Nippon Electric Industry Co., 5065.5 316.5 6.2 2031.4 13.57
Ltd.
3 Hitachi, Ltd. 5161.4 362.4 7.0 2500.9 17.25
4 Toshiba Corp. 4659.8 281.6 6.0 1790.9 11.78
5 Fujitsu Ltd. 4284.9 318.3 74 1826.0 12.04
6 Mitsubishi Electric Corp. 3723.0 179.5 4.8 1140.5 7.19
7 Sony Corp. 3248.0 291.9 89 1384.5 8.87
8 Canon Inc. 2087.0 186.1 8.9 741.7 4.60
9 Sharp Corp. 1757.3 125.8 7.1 654.2 4.00
10 Sanyo Electric Co. Ltd. 1456.5 86.0 59 464.4 281
11 Matsushita Electric Works, 13314 50.1 37 296.6 1.78
Ltd.
12 Victor Co. of Japan, Ltd. 793.3 38.1 4.8 257.4 154
13 Fuji Electric Co., Ltd. 733.2 3238 44 214.2 1.28
14 Kyocera Corp. 620.0 24.9 4.0 117.0 0.69
15 Oki Electric Industry Co., Ltd  674.4 338 5.0 250.1 1.49
16 Pioneer Electronic Corp. 459.2 26.5 5.7 158.1 0.94
17 Alps Electric Co., Ltd. 4424 12.8 2.8 92.8 0.55
18 Casio Keisanki Co., Inc. 475.4 199 41 102.6 0.61
19 Rohm Co., Ltd. 358.8 17.3 48 52.8 0.31
20 Aiwa Co., Ltd. 424.9 20.1 4.7 62.4 0.37
21 Y okogawa Electric Corp. 230.2 17.2 74 107.4 0.64
22 Japan Radio Co., Ltd. 233.3 140 6.0 79.6 0.47
23 Meidensha Corp. 231.8 8.0 34 62.7 0.37
24 Kokusai Electric Co., Ltd. 159.4 7.4 4.6 63.8 0.38
Total 24 Firms 44858.8 2949.2 6.6 16997.9
Tota Electric Machinery 79604.7 3589.2 45 19980

Industry

a Sdles and R&D expenditure are deflated by wholesales price index (WPI) and R&D deflator, respectively (See Appendix D for information
about the WPI and R& D deflator). Quarterly Japan Company Handbook (Toyo Keizai Inc., quarterly issues), Toyo Keizai Monthly Statistics (Toyo

Keizai Inc., monthly issues).
sales. Since Z«k1, by taking logarithm, Eq. (1) can be
approximated as follows:

Ts
InS=InA+ocInTiJrocIn(lJrZ_I_)zlnAﬂxInTi 2

razee
oz_l_i

Eqg. (2) suggests that, in addition to T;, the ratio of
indigenous technology stock and potential technology

spillover pool (TI) has significant impact on sales.
Therefore, Table 3 includes both T; and T;/T,. Looking
a the last column, we can classify these firms into two
groups (Group 1 (G1): 1-7, and Group 2 (G2): 8-24)
S . T
by their indigenous technology stock ratio T
Stimulated by Eq. (2), in order to inspect the structural
impacts of assimilation capacity (Z) and the indigenous

T

technology stock ratio (TI) on the size of the firms by

S,

sales, Fig. 2 analyzes the correlation between (S and
T
?' in the 24 Japanese electrical machinery firms over two

periods from 1991-1994 and 1995-1998.

Fig. 2 demonstrates the structural difference between
the two groups of firms depending on their size by sales
(G1 and G2) indicating a higher indigenous technology
stock ratio as firm size increases.

Statistical significance of this correlation can be dem-
onstrated by Table 4.

Table 5 compares coefficients of this correlation
analysis in the two groups examined, which clearly dem-
onstrates that G1 (firms with higher sales) depend on
higher coefficients than G2 in both periods examined.

On the basis of the above analysis on the classification
of 24 firmsin two groups (G1 and G2), in order to ident-
ify the structural characteristics of leading electrical
machinery industry, Table 6 demonstrates the cross sec-
toral analysis of the correlation between technology
stock and sales in the firms over the period 1991-1998
by dividing them into two groups: G1 (firms 1-7) and
G2 (firms 8-24).
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Fig. 2. Correlation between sales and indigenous technology dependency ratio in 24 R&D intensive electrical machinery firms (1991-98).

Table 4
Technology contributions to sales in 24 R&D intensive Japanese electrical machinery firms (1979-1998)2
adj. R? DW
1991-1994 T; 0.970 1.74
—'=-0.07+0.02D, In S+0.01 D, In S+0.07 D, 5
s (—348) (8.07) (4.14) (8.22)
1995-1998 T 0.926 1.90
—=-0.69+0.02 D, In S+0.01 D, In S+0.05 Dgg
s (—251) (6.27) (2.84) (4.93)

a S sdes, T: technology stock; and D, D,: dummy variables (D,: G1 (firms 1-7), D,: G2 (firms 8-24)).

Table 5

Comparisons of sales coefficients in the two groups (1991-1998)
G1 (1-7) G2 (8-24)

1991-1994 0.02 0.01

1995-1998 0.02 0.01

Looking at Table 6 we note that the sales of the above
firms are strongly governed by technology stock in both
groups which supports the results of the time series
analysis of each respective firm as demonstrated in Table
2 leading to the conclusions that technology stock can
be considered a major contributor to sales and aso that
the size of firms by sales is divided into two groups
depending on technology structure.

Fig. 3 illustrates trends in sales in 24 firms over the
period 1979-1998 which demonstrates clear distinction
between two groups.

Table 7 illustrates the ranks of these firms by sales
over the period examined. The ranks of the first 10 firms
have been focused on and shown in Fig. 4. Looking at
Table 7 and Fig. 4, we notice that since 1985, firms in
group 2 (G2) have not managed to jump up to group 1
(G1). These observations support the foregoing analysis
that the size of firms by salesis divided into two groups.

Previous analysis demonstrates that the size of firms
is divided into two groups depending on technology
structure. Technology structure is affected by two fea-
tures: the level of technology stock and assimilation

capacity.

Table 6
Coefficient of the correlation between sales and indigenous technology dependency ratio in 24 R&D intensive electrical machinery firms?
adj. R? DW
1991-1994 INnS=2.30+0.76 D; InT+0.75 D, InT;—0.58 Dy; 224 0.980 224
(8.87) (21.70) (15.27) (—5.32)
1995-1998 INS=2.28+0.77 D, InT+076 D, InT, 0.987 1.95

(6.42) (10.32) (13.94)

a S sdes; T: technology stock and D;, D, dummy variables: D, (Group 1: 1-7) and D, (Group 2: 8-24).
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Fig. 3. Trends in sdes in 24 R&D intensive Japanese electrical
machinery firms (1979-1998): Yen bil. at 1990 fixed prices.

2.3.1. Level of technology stock

R&D intensity is a decisive factor to the level of tech-
nology stock since, as we demonstrated before, it
induces multiplier impact on the creation of technology
stock. This stimulates us to review the trends in R&D
intensity of 24 firms divided into two groups. Fig. 5
illustrates these trends by using 1990 fixed prices. Fig.
5 demonstrates that the trends in R&D intensity of
almost al firmsin both groups are continuously decreas-
ing.

Table 8 analyzes the average change rates of this R&
D intensity in 24 firms divided into two periods. 1979—
1986 and 1987-1998.* Table 8 shows that the average
change rates of 24 firms R&D intensity, particularly in
the latter period (1987-1998: during and after the bubble
economy) demonstrate continuous decrease except for
5 firms.?

1 For some firms further division as 1979-1982, 19831986, 1987—
1994 and 19951998 depending on structural change in economic cir-
cumstances relevant to firm's techno-sales activities is introduced.

2 10 Sanyo Electric Co. Ltd., 11 Matsushita Electric Works, Ltd.,
16 Pioneer Electric Corp., 20 Aiwa Co. Ltd., and 23 Meidensha Elec-
tric Co. Ltd.

2.3.2. Assimilation capacity
Analyses of Tables 46 suggest that factors depicted

T
ing with respect to firm size by sales.

Table 2 suggests the following correlation between
indigenous technology stock and sales:

INS=InA'"+o' InT,; (3)

Ts. N . .
as Z— in Eq. (2) have significant influence on this group-

Comparing Eq. (3) with EqQ. (2), we notice that there
exists adjusting factor € which satisfies ea’'=¢..

Using this adjusting factor and taking balance between
Egs. (2) and (3), following equation can be obtained:

Ts
(1-¢&)InS=(InA—¢ln A’)+aZ?

INA—eInA" o _T,
NS=""1e  T1etT @

Table 4 suggests the following equation:

T
?'=a+b InS (5)

S

Lo Ts .
Substituting T in Eqg. (4) by Eq. (5), the following

correlation between sales and assimilation capacity can
be obtained:

. ’ _, "\ 2 ., ’
. InAeInAz+\/ aerInA £InA b a+aInAeInA
1-¢ 1-¢ 1-¢ 1-¢ (6)
2b

InS=

Eqg. (6) demonstrates our postulate that assimilation
capacity is another source that causes the sales of firms
to be divided into two groups.

The key findings obtained from the foregoing analyses
can be highlighted as follows:

1. Japan’s leading electrical machinery firms can be div-
ided into two groups (G1: 1-7, and G2: 8-24) accord-
ing to their size in terms of sales.

2. Smaller firms belonging to G2 can not manage to
jump up to G1.

3. Technology structure can be considered the major
source to divide these firms into two groups, and this
structure can be characterized by the level of tech-
nology stock and assimilation capacity.

4. R&D intensity induces with multiplier impact on
technology stock and this intensity continues to
decrease during and after the bubble economy.

5. Assimilation capacity has a significant impact on the
sales trgjectory leading to divide the firms into two
groups.
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Bigger firms: G1 (1-7)

1 M Bt et Co. L

2Nepan Bectie bl Ca Lid

LIPS LIS EFS S

Smaller firms: G2 (8-24) 8 Canoninc
9 SharpCorp.
10 Sanyo Elects Co. Lid
11 Matsushita Electric Waorks, Lid
s 12 Victor Co. of Japan, Lid
13 Fuji Electic Co, Ltd
14 Kyocera Cor.
015 A 15 Oki Electric Indusytry Co, Lid
) — 16 Pioneer Electronic Corp.
17 Alps Electric Co. Lid.
8 18 Casio Keisanki Ca. inc.
18 Rohm C.Lid
20 Aiwa Ca, Lid.

21 Yokogawa Electric Cop

| 22 Japan Radia Co., Ltd
24| __ 23 meidensha Cop.

1670 1960 1981 1962 1983 1984 1985 1985 1967 1963 1980 1990 1991 1992 1903 1904 1995 1006 1907 1ogg | — 2 Kokusal Electric Co. Lid

Fig. 5. Trendsin R&D intensity in 24 R&D intensive Japanese elec-
trical machinery firms (1979-1998): 1990 fixed prices.

3. Behaviour of assimilation capacity

Out of key factors such as R&D intensity, technology
stock, and assimilation capacity, assimilation capacity
particularly plays a significant role governing R&D
intensity, technology stock and sales which stimulates
us to anayze the behaviour of assimilation capacity in a
context of adynamic interaction between R&D intensity,
technology stock and sales.

3.1. Mathematical approach

The analyses of Tables 2 and 6 suggests that the sales
of the electrical machinery firms (S) can be enumerated
as a function of the technology stock of the firm (T)
as follows:

S=4T) ()

Since high-tech industry as electrical machinery is
spurred by strong competition, leading to

1. active interaction among firms, and
2. strong dependency on technology

which result in such tendency as highly relying on spill-
over technology. Therefore, technology stock should
include indigenous technology stock (T;) and assimilated
spillover technology (Z-T,), which is generated by other
firms (donor) and assimilated in the firm (host) as illus-
trated in Fig. 6. Where Z: assimilation capacity; and T
potential spillover pool.

Thus, technology stock in Eq. (7) can be enumerated
as the following equation:

T=T,+Z-Ts 8

In line with the previous approaches (Watanabe et al.,
2001a), assimilation capacity can be measured by the
following equation using both indigenous technology
stock and potential spillover pool®:

1 W
AT, /AT Ts
1+
Ts Ti

(9)

Eq. (9) suggests that the assimilation capacity Z is pro-
portional to the ratio of indigenous technology and
potential spillovers pool. It is also governed by the ratio
of the increasing rate of both technologies. Therefore,
its trajectory is subject to the pace* of increase between
indigenous technology and the potential spillovers pool,
which decreases as indigenous technology increases
(Metcafe, 1981).

3.2. Measurement of assimilation capacity and
assimilated spillovers technology—empirical analysis

The result of the measurement of assimilation capacity
of 24 Japan’s electrical machinery firms over the period

% Refer to Appendix A to see the details of mathematical develop-
ment.
4 Metcafe (1981) postulates this concept of “pace” as “diffusion
speed.”



C. Watanabe, B. Asgari / Technovation 23 (2003) 15-34 23

Table 8

General trends in R&D intensity in 24 R&D intensive Japanese electrical machinery firms (1979-1998): Annua change rate using 1990 fixed

prices. Model: In (R/S=a+b;-D;-year, Di{

D,:1979-1986(D,,:1979-1982;D,,:1983-1986)
D,:1987-1998(D.,:1987-1994;D,,:1995-1998)

D, D,
D1 Di D2 D2, adj. R? DW
1 Matsushita Electric Industria Co., Ltd. 0.02 —0.00 0.712 145
(1.92) (—2.26)
2 Nippon Electric Industry Co., Ltd. -0.04 —0.06 0.987 124
(—6.97) (—28.58)
3 Hitachi, Ltd. -0.01 -0.02 0.87 161
(—1.38) (—5.52)
4 Toshiba Corp. 0.01 -0.01 0.84 1.98
(1.79) (—3.87)
5 Fujitsu Ltd. —0.06 —0.48 0.97 152
(—9.30) (—23.12)
6 Mitsubishi Electric Corp. 0.02 —0.01 0.81 1.20
(1.67) (—=3.27)
7 Sony Corp. -0.10 —0.02 —0.03 0.625 123
(—3.44) (—1.88) (—4.81)
8 Canon Inc. —-0.03 —-0.04 0.924 121
(—=3.21) (—11.78)
9 Sharp Corp. -0.01 —0.02 0.690 193
(—1.43) (—5.35)
10 Sanyo Electric Co. Ltd. 0.03 0.06 0.04 0.965 2.16
(3.31) (14.92) (12.98)
11 Matsushita Electric Works, Ltd. 0.06 0.01 0.696 147
(4.69) (1.73)
12 Victor Co. of Japan, Ltd. -011 —0.04 —0.02 0.635 1.84
(—4.43) (—3.40) (—3.62)
13 Fuji Electric Co., Ltd. 0.04 —0.01 0.843 1.26
(3.23) (—-1.87)
14 Kyocera Corp. -0.07 —0.05 0.853 152
(—4.49) (—8.88)
15 Oki Electric Industry Co., Ltd -0.01 —0.03 0.966 1.68
(—2.41) (—15.94)
16 Pioneer Electronic Corp. 0.10 0.05 0.03 0.887 2.07
(9.89) (11.59) (10.14)
17 Alps Electric Co., Ltd. -0.02 -0.04 0.926 201
(—2.02) (—11.07)
18 Casio Keisanki Co., Inc. 0.03 -0.01 0.729 1.06
(2.69) (—1.36)
19 Rohm Co., Ltd. -0.05 —0.05 0.886 1.16
(=2.77) (—8.98)
20 Aiwa Co., Ltd. 0.04 0.03 0.03 0.917 2.39
(4.25) (8.51) (6.72)
21 Y okogawa Electric Corp. -0.01 -0.01 0.883 1.98
(—2.88) (—7.06)
22 Japan Radio Co., Ltd. 0.05 -0.02 0.879 1.26
(3.56) (—-3.82)
23 Meidensha Corp. 0.08 0.03 0.00 0.821 182
(6.79) (5.27) (1.26)
24 Kokusai Electric Co., Ltd. -0.09 -0.04 0.814 1.86
(—5.83) (=7.95)

of 1979-1998 using Eq. (9) isillustrated in Fig. 7 (see
tabulated outcome Table 12 in Appendix B). Fig. 7 dem-
onstrates that the level of assimilation capacity can be
classified into two clusters corresponding to the same
clusters classified by the indigenous technology stock
ratio in Table 3. Looking a Fig. 7, we note that the
assimilation capacity of firmsin G1, namely the biggest

seven firms are by far larger than the assimilation
capacity of the firms in G2, namely smaller seventeen
firms.

Fig. 8 illustrates the trends in the dependency on
assimilated spillover technology in the 24 firms (see
tabulated outcome Table 13 in Appendix B). Contrary
to the trends in clusters of assimilation capacity, Fig. 8
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Fig. 6. Spillover and assimilation capacity dynamics.
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Fig. 7. Trends in the assimilation capacity in 24 R&D intensive
Japanese electrical machinery firms (1979-1998).
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Fig. 8. Trendsin the dependency on assimilated spillover technology
in the 24 R&D intensive Japanese electrical machinery firms (1979—
1998).

suggests that all 24 firms depend on the similar ratio
of assimilated spillover technology approximately 33%.°
This result demonstrates the reasonability of our
approach. In addition, this high level of dependency
demonstrates our hypothetical view stated in Section 3.1
with respect to the technology driven nature of the elec-

5 Dependency on assimilated
_ZT. 1

TT4ZT, | TITS
1+
z

spillover technology

Fig. 2 and Table 4 indicate that T,/Ts increases as

sales increase. Similarly, Fig. 7 indicates that Z increases as sales
TilTs

z
value despite the different sales values leading to the similar 6 for
al firms.

increase. Thus, in the denominator of 6 demonstrates the similar

trical machinery industry, which compels firms to max-
imize their utilization of spillover technology.

3.3. Evaluation of structure of assimilation—patent
data analysis

Assimilated spillover technology is assumed to be
incorporated into indigenous technology as shown in Eq.
(8). In order to confirm this structure of assimilation, an
empirical demonstration is attempted by using the
assimilation capacity measured in Section 3.2 and num-
ber of patents data (number of patent applications) as a
proxy for technological innovation.

Utilizing this methodology, a comparative evauation
of the following three possible structures for technology
stock was conducted and the structure proposed in Eq.
(8) (indicated below as (i)) was proved to be statistically
most significant. To see the details of this approach ook
at Appendix C.

() T=Ti+ZT,
(i) T=T+T,
(iif) T=TATE

where 3, and 3, are eladticities.

4. Interactions between assimilation capacity, R&D
intensity and sales

In the previous sections, the technology-driven nature
of the 24 electrical machinery firms was testified as high
level of R&D intensity, major role of technology stock
to the sales increase and two groups of firms depending
on technology structure characterized by R&D intensity
and assimilation capacity. In addition, the assimilation
capacity of the 24 firms was measured leading to the
demonstration of dependency on the high ratio of assimi-
lated spillover technology similar to al 24 firms.

In this section focusing on the role of assimilation
capacity, the dynamism leading to specific techno-sales
structure of Japan’'s leading electric machinery firms
characterized by explicit division into two groups by
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sales and continuous decrease in R&D intensity is ana-
lyzed.

4.1. Techno-sales structure freezing the growth of
smaller firms

Analysis in Section 3 demonstrates that al 24 firms
depend on the similar ratio of assimilated spillover tech-
nology (0=33%, see Fig. 8). This finding suggests that
assimilation capacity Z is proportiona to the ratio of
indigenous technology stock and potential technology

. T;
spillover pool (T) as follows:®

S,

T . -
Z=c? (where c is a coefficient).

S

(10a)

The analysis in Section 3 demonstrates that sales is
governed by technology easticity to sales (), assimi-
lation capacity (Z) and the ratio of indigenous tech-

T
nology stock and potential spillover pool (') as fol-

Ts
lows:
InS=A"+ "z (10b)
T,
InA-¢clnA’
A”:;, o"=o/1—¢e where A and A" scale fac-

1-¢
tors, and &: adjusting factor.
Synchronizing Eq. (10a) into Eq. (10b) we obtain

In S=A"+co (11

Eq. (11) suggests that the level of sales can be framed
only by scale factors and technology elasticity to sales
without depending on other efforts as R&D.

Table 9 and Fig. 10 (see Section 4.2) demonstrate that

Table 9

assimilation capacity has a positive correlation with
technology elasticity to sales in an aggregated average.

Considering that bigger firms (Gl1) have higher
assimilation capacity asillustrated in Fig. 7, bigger firms
maintain generally higher technology elasticity to sales.

Thus, smaller firms (G2), once started from lower
sales levels, are obliged to freeze into lower level of
sales, and, unless technology elasticity to sales improves
dramatically, never jump up to the level of bigger firms.

4.2. Techno-sales structure decreasing R&D intensity

Fig. 9 demonstrates a dynamic cycle among assimi-
lation capacity, its impact on sales, their reaction to
induce R&D intensity, and its contribution to assimi-
lation capacity. Impact of assimilation capacity on sales
can be traced by two routes: by means of increasing

S=A4-T*
f

F-rpn)
./

* S: Sales; ..S;: all firms sales; 4: scale factor; T total technology stock; 7i: indigenous

8,128,

R/S

a=a-Z°

technology stock; Ts: technology spillover pool; Z: assimilation capacity; .: technology
elasticity to sales ( a and b: coefficients); R/S : R&D intensity

Fig. 9. Scheme of dynamic interactions between assimilation
capacity, technology spillovers, sdes and R&D intensity in the
Japanese electrica machinery industries.

Correlation between assimilation capacity (Z) and technology elasticity to sales (S) in 24 R&D intensive Japanese electrical machinery firms (1979—

1998) In o=atb;-D;-In 72

G1 (1-7) G2 (8-24) adj. R? DW
1979-1982 0.66 (2.22) 0.51 (3.47) 0.694 1.60
1983-1986 0.92 (3.06) 0.66 (4.48) 0.687 115
1987-1990 0.94 (4.09) 0.66 (5.89) 0.812 1.63
1991-1994 1.14 (4.03) 0.76 (5.48) 0.750 1.40
1995-1998 1.01 (3.68) 0.75 (5.38) 0.741 1.36

a a, b;: coefficients; and D;: dummy variables (D;: G1=1, G2=0; D,: G1=0, G2=1). G1 and G2 indicate bigger firms and smaller firms, respectively
(figures in parentheses correspond to firm number). Figures in parentheses below the elasticities indicate t-values.

6 . N
5= ZTs _( 1) )T, T,

TezT) T\1-8)T. T

=c-— where czl—_,é

(constant).
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Fig. 10. Correlation between assimilation capacity and technology
elasticity to salesin R&D intensive Japanese electrical machinery firms
(1979-1998).

assimilated spillover technology and aso through
increasing technology elasticity to sales.

4.2.1. Correlation between assimilation capacity and
technology elasticity to sales in R&D intensive
Japanese 24 electrical machinery firms

Table 9 summarizes the results of the correlation
analysis between assimilation capacity and technology
elagticity to sales in 24 R&D intensive Japan’s electrical
machinery firms over the period 1979-1998 by dividing
into 5 periods explained earlier Fig. 10 illustrates the
trends in the coefficient of the correlation which rep-
resents elasticity of assimilation capacity to technology
elagticity to sales.

Looking at Table 9 and Fig. 10 we note that the elas-
ticities of assimilation capacity in both groups are posi-
tive and paralel. The elasticities of bigger firms are
higher than those of smaller firms over the al periods
examined.

4.2.2. Correlation between share of sales and R&D
intensity in R&D intensive Japanese electrical
machinery firms
Similar to the previous correlation analysis Table 10
and Fig. 11 summarize and illustrate the correlation
between share of sales and R&D intensity.
Correlations are positive in both groups which demon-

Table 10

0.4

G:(8-24)
L G (-7)

1 1 1 1
1979-1982 '1983-1986 ' 1987-1990 = 1991-1994 ~1995-1998

Fig. 11. Correlation between share of sales and R&D intensity in 24
R&D intensive Japanese electrical machinery firms (1979-1998).

strate that R&D intensity increases as shares of sales
increase.

4.2.3. Correlation between R&D intensity and
assimilation capacity in R&D intensive Japanese 24
electrical machinery firms

Similar to the preceding analyses Table 11 and Fig.
12 demonstrate correlation analysis between R&D inten-
sity and assimilation capacity.

Looking at Table 11 and Fig. 12 we note that elas-
ticities of R&D intensity to assimilation capacity in
smaller firms are positive and higher than those of bigger
firms in al periods examined.

Based on these analyses regarding interactions
between assimilation capacity, technology spillovers,
sales and R&D intensity, the following noteworthy
observations are obtained:

1. Increase in assimilation capacity contributes to
increase in sales in both bigger firms (firms with
higher sales) and smaller firms through increase of
total technology stock (T+ZT,) and its eadticity to
sales () as demonstrated in Table 9 and Fig. 10.

2. Increase in sales of each firm increases its share of
al firms saes which in turn leads to increase in
R&D intensity of each respective firm as demon-
strated in Table 10 and Fig. 11.

Correlation between share of sales (§/S) and R&D intensity in 24 R&D intensive (R/S) Japanese electrical machinery firms (1979-1998)
In (RI9=a+b;-D;In (§/>.S)?

Gl (1-7) G2 (8-24) adj. R? DW
1979-1982 0.11 (2.43) 0.01 (0.09) 0.741 161
1983-1986 0.15 (3.35) 0.11 (1.52) 0.612 1.88
1987-1990 0.14 (5.02) 0.13 (3.04) 0.805 1.92
1991-1994 0.15 (5.36) 0.15 (3.63) 0.806 217
1995-1998 0.15 (4.37) 0.16 (3.15) 0.688 2.15

a a, by: coefficients; and D; dummy variables (D,: G1=1, G2=0; D,: G1=0, G2=1). G1 and G2 indicate bigger firms and smaller firms, respectively

(figures in parentheses correspond to firm number). Figures in parentheses below the elasticities indicate t-values.
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Correlations between R&D intensity (R/S) and assimilation capacity (Z) in 24 R&D intensive Japanese electrical machinery firms (1979-1998)
In Z=at+b;-D;:In (RIS

G1 (1-7) G2 (8-24) adj. R2 DW
1979-1982 ~0.79 (-2.13) 0.41 (1.44) 0.789 113
1983-1986 —0.54 (~1.53) 0.54 (1.90) 0.895 1.24
1987-1990 0.34 (0.76) 1.13 (3.07) 0.873 1.36
1991-1994 0.81 (2.10) 1.47 (4.53) 0.913 1.36
1995-1998 1.72 (3.59) 2.31 (5.54) 0.869 1.10

a a, b;: coefficients; and D;: dummy variables (D;: G1=1, G2=0; D,: G1=0, G2=1). G1 and G2 indicate bigger firms and smaller firms, respectively
(figures in parentheses correspond to firm number). Figures in parentheses below the elasticities indicate t-values.
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Fig. 12. Correlation between R&D intensity and assimilation
capacity in 24 R&D intensive Japanese electrica machinery firms
(1979-1998).

3. Increase in R&D intensity results in increase’ in
assimilation capacity as demonstrated in Table 11 and
Fig. 12, and follows again tragjectory (1) which leads
to sales increase in spira way.

4. However, as demonstrated in Figs. 13 and 14, when
R&D intensity exceeds a certain limit, assimilation
capacity starts to decline. This is similar to an argu-
ment in ecosystem in which when certain species
evolve rapidly in certain spheres, check and break
system react, thereby, the system maintains the status
guo by harnessing excessive growth.

1991-1904

e 2
2]
31
351
-4
-45 |
5
5.5 T
-6 +
6.5
InR/S
adj. R’ Dw
InZ=0.53+1.32D,InR/S+1.96D,InR/S§-1.02D 0.923 1.37
(0.52) (3.10) (5.50) (-3.92)

* D), D,: Dummy variables (D;: group 1 (firms 1-7), D,: group 2 (firms 8-24)).

Fig. 14. Correlation between R&D intensity and assimilation
capacity in 24 R&D intensive Japanese electrical machinery firms
(1991-94).

5. Since R&D intensity in leading firms has reached
high level, further increase reacts negatively, while
their assimilation capacity is big enough to provide
sufficient contribution to sales increase.

6. This is why R&D intensity in Japan's electrica
machinery firms can be considered self-constrained

= dj. R’ 0.846 DW 1.60
210 F InZ 7.86+4}§1_.546§(R/S) adj

=20 |
-30 |

0.140
R/S

Fig. 13. Correlation between R&D intensity and ssimilation Capacity in R&D Intensive Japanese Electrical Machinery Firms (1991-1994).

7 In case of bigger firms before 1986 increase in R&D intensity
resulted in a decreasing assimilation capacity.



28 C. Watanabe, B. Asgari / Technovation 23 (2003) 15-34

state, primarily from the middle of the 1980s as illus-
trated in Fig. 5.

5. Implications

In light of the significant technology inducement of a
dynamic game among leading high-tech firms, and also
of the leading role of assimilation capacity for a dynamic
interaction among factors governing techno-sales struc-
ture, this paper focused on Japan’s 24 leading electrical
machinery firms, and attempted a numerical analysis of
the dynamic interactions between assimilation capacity,
technology spillovers, sales and R&D intensity over the
last two decades.

Noteworthy findings obtained through intensive theor-
etical analysis and empirical demonstration include:

1. Japan’s leading electrical machinery firms are divided
into two groups according to their size in terms of
sales, and smaller firms can not manage to jump up
to the bigger firms group.

2. Technology structure is considered the major source
to divide these firms into two groups, and this struc-
ture is characterized by the level of technology stock
and assimilation capacity.

3. While R&D intensity induces with multiplier impact
on technology stock and this intensity continues to
decrease during and after the bubble economy,
assimilation capacity has a significant impact on the
sales trajectory leading to divide the firms into two
groups.

4. While the level of assimilation capacity of leading
electrical machinery firms is classified into two clus-
ters corresponding to the same clusters divided the
firms into two groups, al firms depend on the similar
high ratio of assimilated spillover technology demon-
strating the technology driven nature of the electrical
machinery industry, which compels firms to maxim-
ize their utilization of spillover technology.

5. Level of sales of leading electrical machinery firms
can be framed only by scale factors and technology
elasticity to sales without depending on other efforts
as R& D, which freezes smaller firms into lower level
of sales, and, unless elasticity to sales improves dra-
matically, smaller firms never jump up to the level of
bigger firms.

6. While assimilation capacity plays significant role in
improving technology elasticity to sales, when R&D
intensity exceeds a certain limit, assimilation capacity
starts to decline leading Japan’s electrical machinery
firms to self-constrained state, primarily from the
middle of the 1980s.

These findings suggest the significance of the identifi-

cation of optimal dependency between indigenous tech-
nology and spillover technology in a globa technology
spillover context.

Appendix A

The analysis of Table 5 suggests that the sales of the
electrical machinery firms (S can be enumerated as a
function of the technology stock of the firm (T) as fol-
lows:

S=8T) (A1)

Technology stock is composed of indigenous tech-
nology (T;) as well as technology spillovers devel oped
by other firms and assimilated by the host firm. (Fig. 4)

T=T,+Z-Ts (A2)

The potentia spillover pool can be calculated as fol-
lows:

T=>T,-T,
i

Provided that Z is small enough and ZT; is smaller
than T;, we assume that Z%<1 and AZ=0. Therefore, T

can be treated as follows:

Ts Ts
InT=In Ti(1+ZT)zIn Ti+Z? (A3)

Taking time difference of Eq. (A3), the following equ-
ation is obtained:
Ts AT,

AT AT, Ts s
T T +Azf+ZAf~ T

+ZA% (AZ~0) (A4)

Using this equation, technology contribution to pro-
duction change rate can be expressed as:
OSTAT ST AT, 0S ZTA(ZTY
OTST OT,ST 0ZT) S ZT,

_0ST (AT,

S aTS

(A5)

I S
+ >
T ZA_I_i )

Given that the prices are determined competitively:
0S P, 0S Py 0S Py

0T P, OT, P)O(ZTy P,

where P, P; and P are prices of T and T, and T,
respectively.
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Let's define the marginal productivity ratio as:
_090(ZTy Py d%
= agar. P, Tl (A6)
<0 (Diminishing return)
_ToP*Z TP _Pu(Ti+Z:9-T)
T THZT,

(A7)

Substituting these prices in Eg. (A6), the following

equation is obtained:

0ST; AT, N 0S ZT,A(ZTY)

ST, "0T, S ZT;
_Plt(TI+Z¢TS) T|+ZTS ATl
- (T+ZT)P; S

Ts
T +ZATi>ATi (A8)

AIi Is
+7Z.A—
T; ZAE)

TOAZTY=(T; +Z'¢'Ts)<

-
TAS
T. 1
o= = (A9)
AT—AT, IS—z T AIS 1-Z Ts
s i-I—i s Ti Ti

Deriving Z from Eq. (A9) yields:

1)\ T,
Z= (1—¢) 0 0<Z<T/T, (A10)

S

Since production can be expressed as a function of
technology as indicated in Eq. (A1), taking time differ-
ence of EQ. (A1), change in sales can be expressed only
be technology stock as follows:

dS 9sdT

G aTdt (Al1)
In order to maximize the effects of technology spillov-
ers, the host firm treats technology spillovers and

indigenous technology homogeneously (Watanabe,
2000):

dS asdT,

E?TT,E (A12)
dS 05 d(ZT) S zdT,
dt aZT) dt aZT) dt (AL3)

Since Z is small and AZ=0

From Egs. (A12) and (A13) marginal productivity of
T, and ZT, can be obtained as follows:
0S_AS
oT, AT,

(A14)

S AS
A(ZTy ZAT,

(A15)

Substituting Egs. (A14) and (A15) in Eq. (A6), ¢ can
be measured as follows:

ASZAT, AT,

0= ASAT, ZAT. (A16)
Substituting Eqg. (A16) in Eq. (A10):
z=(1-2ATs| T A17
B AT, ) T, (A7)
From Eq. (A17), Z can be measured as:
ATlTl _L ATl
CTATTAAT,T, T, AT, (A18)
ATAH+—1T,
Ts
_ 1T
AT, /AT, Ts
1+
Ts Ti
Appendix B

Tables 12 and 13

Appendix C

Provided that the generation of patentsis governed by
the flow and stock of R&D and they are represented by
R&D expenditure and technology stock, respectively
(Griliches, 1984), the number of patent applications (P)
can be represented by the following equation:

P=f(t,RT)=f(t,RT;,Ts2) (Cy1)

where t indicates the time trend.

Eg. (C1) can be estimated by the following simple
Cobb-Douglas production function for 24 R&D inten-
sive Japanese electrical machinery firms over the period
of 1979-1998:

P=Ae'R*TA (C2)
TA has the following three possible structures:

(i) T=T,+ZT,

(i) T=T+Ts

(iii) T=TATE
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Table 15
Trends in WPI and R&D deflator
Year WPI R&D deflator
1979 133.66 76.40
1980 137.32 82.32
1981 137.10 86.00
1982 137.71 88.69
1983 133.53 90.25
1984 132.06 92.37
1985 128.54 93.88
1986 115.49 92.07
1987 108.37 91.66
1988 103.41 93.28
1989 102.39 96.80
1990 100.00 100.00
1991 94.84 101.86
1992 91.72 102.47
1993 87.67 102.17
1994 84.60 102.42
1995 81.10 102.77
1996 77.20 103.77
1997 74.70 104.85
1998 73.13 104.00
Table 14

INP=InA+At+aInR+BInT

where A: scale factor; t: time trend; R; R&D investment;
and T: technology stock.

() T=T,+ZT,
(i) T=T+T, (C3)
(iii) T=THTL2

Appendix D
Table 15
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