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Abstract 
Surprisingly, more than half of Japanese manufacturing firms do not invest in Research 
and Development (R&D). Using firm-level longitudinal data in Japan, this paper asks 
why many firms can achieve productivity growth without any R&D investments. We 
found the positive effects of intranational and international R&D spillovers on 
productivity growth both at the firm level (between a parent firm and its affiliate) and 
the industry level (among firms in the same industry). The effects of international R&D 
spillovers are much stronger than those of intranational spillovers. Even firms in 
developed countries like Japan have benefit from international R&D spillovers. (99 
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Figure 1. Classification and Definition of Spillovers

Classification Measure
Firm's own R&D activities Firm's own R&D expenditures

Direct technology purchase
Patent purchases

Domestic patents Patent purchases from domestic firms
Foreign patents Patent purchases from foreign firms

R&D Spillovers
Firm-level spillovers

Intra-firm local spillovers Domestic parent firm's ownership
Intra-firm international spillovers Foreign ownership (firm-level FDI)

Industry-level spillovers
Intra-industry local spillovers R&D by other domestic firms in the same industry
Intra-industry international spillovers R&D by foreign-owned firms in the same industry (industry-level FDI)

International spillovers through international trade
Imports of products that embody advanced technology General machinery imports

Figure 2.  Industry Intensity of R&D Firms in 2002
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Table 1.  Share of R&D Firms

1995 1996 1997 1998 1999 2000 2001 2002
Number of R&D firms 5,180 5,048 4,997 4,941 4,883 4,717 4,723 4,515
Number of Non-R&D firms 5,786 5,860 5,850 5,753 5,574 5,551 5,332 5,089
Total 10,966 10,908 10,847 10,694 10,457 10,268 10,055 9,604
Share of R&D firms (%) 47.2 46.3 46.1 46.2 46.7 45.9 47.0 47.0
Share of Non-R&D firms (%) 52.8 53.7 53.9 53.8 53.3 54.1 53.0 53.0
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Note: R&D firm is defined as a firm that invests R&D while Non-R&D firm is defined as a firm that does not.
Source: METI Database.

Table 2.  Performance Gap between R&D Firms and Non-R&D Firms

R&D
dummy

standard
errors (s.e.)

N Industry
dummy

Year
dummy

R 2

lnTFP 0.011 [0.001] 83,799 No Yes 0.04
lnTFP 0.010 [0.001] 83,799 Yes Yes 0.09

Notes: 1) Random-effect model is used for estimation.

Source: METI Database.

Table 3.  Total Factor Productivity (TFP) and R&D Spillover Variables
(Mean)

1995 1996 1997 1998 1999 2000 2001 2002
TFP lnTFP -0.051 -0.041 -0.039 -0.061 -0.046 -0.007 -0.027 -0.053
R&D Firm's own R&D expenditures (% of sales) 0.86 0.86 0.87 0.97 0.97 0.91 1.01 0.99
PatentF Patent purchases from foreign firms (% of sales) 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01
DOWN Domestic parent firm's ownership (%) 22.44 23.04 24.42 24.55 24.82 25.35 26.14 26.56
FDIfirm Foreign ownership (firm-level FDI, %) 0.90 0.87 0.89 1.45 1.64 1.61 1.66 1.75
R&Dind R&D by other domestic firms in the same industry (% of sales, industry average) 2.12 1.99 2.14 2.30 2.25 2.20 2.43 2.32
FDIind R&D by foreign-owned firms in the same industry (industry-level FDI, % of sales, industry average) 0.09 0.07 0.08 0.09 0.31 0.25 0.10 0.14
IMP General machinery imports (% of sales) 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03
Note: TFP is a chain index from the hypothetical firm in 1995 (equal to zero: TFP=1 and therefore lnTFP=0).
Source: METI Database.

3) Estimated coefficient indicates the gaps of each variable between R&D firms and non-R&D
firms.

2) Coefficients are significant at 1% level.



Table 4.  Effects of R&D Spillovers on Productivity Growth

Model 1 Model 2 Model 3 Model 4
Dependent variable: TFP growth 1-year growth 2-year growth 3-year growth 1-year growth
lnTFP -0.370** -0.319** -0.223** -0.108**

[0.003] [0.002] [0.002] [0.005]
Firm's own R&D activity
   R&D 0.232** 0.203** 0.160** 0.130**

[0.016] [0.012] [0.010] [0.021]
Direct purchase of technology
   PatentF 0.431* 0.263* 0.144 0.182

[0.172] [0.129] [0.109] [0.263]
R&D spillovers
   DOWN 0.014** 0.011** 0.009** 0.008**

[0.001] [0.001] [0.000] [0.001]
   FDIfirm 0.042** 0.034** 0.028** 0.021**

[0.004] [0.003] [0.002] [0.004]
   R&Dind 0.103** 0.095** 0.079** 0.205**

[0.020] [0.015] [0.013] [0.031]
   FDIind 0.753** 0.667** 0.402** -1.177**

[0.065] [0.049] [0.043] [0.166]
   IMP 0.159 0.036 0.018 -0.442

[0.165] [0.024] [0.021] [0.231]
Year dummies Yes Yes Yes Yes
Observations 69,628 56,930 45,325 45,176
R-squared 0.198 0.249 0.192 0.173
Notes:

Source: METI Database.

1) Models 0-3 are estimated by random-effect model. Model 4 is estimated by instrumental variable method.
2) ** and * indicate level of significance at 1% and 5% respectively. Figures in brackets indicate standard errors.

General machinery imports

Patent purchases from foreign firms

Firm's own R&D expenditures

R&D by foreign-owned firms in the same
industry (industry-level FDI)

R&D by other domestic firms in the same
industry

Foreign ownership (firm-level FDI)

Domestic parent firm's ownership



Table 5.  Robustness Check I: Alternative Measurement of FDI and Machinery Imports

Dependent variable: TFP growth Model 5 Model 6 Model 7 Model 8
Keller and Yeaple,

2003
Aitken and

Harrison, 1999
Javorcik, 2004 Precision machinery

imports
lnTFP -0.368** -0.368** -0.368** -0.370**

[0.003] [0.003] [0.003] [0.003]
Firm's own R&D activity
   R&D 0.231** 0.234** 0.234** 0.232**

[0.016] [0.016] [0.016] [0.016]
Direct purchase of technology
   PatentF 0.455** 0.467** 0.468** 0.435*

[0.172] [0.172] [0.172] [0.172]
R&D spillovers
   DOWN 0.013** 0.013** 0.013** 0.014**

[0.001] [0.001] [0.001] [0.001]
   FDIfirm 0.042** 0.042** 0.042** 0.042**

[0.004] [0.004] [0.004] [0.004]
   R&Dind 0.116** 0.128** 0.128** 0.104**

[0.022] [0.022] [0.022] [0.020]
   FDIind 0.751**

[0.065]
   IMP 0.140 0.130 0.129

[0.165] [0.164] [0.164]
   IMP_P 0.005

[0.126]
   FDI_KYind Employment by foreign-owned firms (Industry-level FDI) 0.093**

(Keller and Yeaple, 2003) [0.016]
   FDI_AKind Foreign equity share (Industry-level FDI) 0.085**

(Aitken and Harrison, 1999) [0.019]
   FDI_Jfind Foreign equity share, full ownership (Industry-level FDI) 0.096**

(Javorcik, 2004, full ownership) [0.030]
   FDI_Jpind Foreign equity share, partial ownership (Industry-level FDI) 0.071

(Javorcik, 2004, partial ownership) [0.036]
Year dummies Yes Yes Yes Yes
Observations 69,628 69,628 69,628 69,628
R-squared 0.198 0.198 0.198 0.198
Notes:

Firm's own R&D expenditures

1) Models 5-7 test the alternative measure of industry-level FDI while Model 8 test the alternative measure of machinery imports.
2) For other notes and sources, see Table 4.

Patent purchases from foreign firms

Domestic parent firm's ownership

Foreign ownership (firm-level FDI)

R&D by other domestic firms in the same industry

R&D by foreign-owned firms in the same industry (industry-
level FDI)
General machinery imports

General and precision machinery imports



Table 6.  Robustness Check II: Sensitivity to Omitted Variables

Dependent variable: TFP growth Model 9 Model 10 Model 11 Model 12 Model 13 Model 14
Without

trade
Without
patents

Without FDI Trade only Patents only FDI only

lnTFP -0.370** -0.370** -0.365** -0.361** -0.361** -0.366**
[0.003] [0.003] [0.003] [0.003] [0.003] [0.003]

Firm's own R&D activity
   R&D 0.232** 0.235** 0.257** 0.300** 0.293** 0.244**

[0.016] [0.016] [0.016] [0.015] [0.016] [0.016]
Direct purchase of technology
   PatentF 0.436* 0.871** 0.921**

[0.172] [0.169] [0.170]
R&D spillovers
   DOWN 0.014** 0.014** 0.013**

[0.001] [0.001] [0.001]
   FDIfirm 0.042** 0.044** 0.040**

[0.004] [0.004] [0.004]
   R&Dind 0.104** 0.104** 0.187**

[0.020] [0.020] [0.019]
   FDIind 0.751** 0.760** 0.880**

[0.065] [0.065] [0.062]
   IMP 0.170 0.269 0.309

[0.165] [0.164] [0.164]
Year dummies Yes Yes Yes Yes Yes Yes
Observations 69,628 69,628 69,628 69,628 69,628 69,628
R-squared 0.198 0.198 0.196 0.191 0.191 0.194
For notes and sources, see Table 4.

Firm's own R&D expenditures

Patent purchases from foreign firms

Domestic parent firm's ownership

Foreign ownership (firm-level FDI)

R&D by other domestic firms in the same
industry
R&D by foreign-owned firms in the same
industry (industry-level FDI)
General machinery imports



Table 7.  Effects of R&D Spillovers on Productivity Growth with Absorptive Capacity

Model 15 Model 16 Model 17 Model 18 Model 19
Dependent variable: TFP growth
lnTFP -0.370** -0.370** -0.370** -0.370** -0.370**

[0.003] [0.003] [0.003] [0.003] [0.003]
Firm's own R&D activity
   R&D 0.360** 0.367** 0.360** 0.259** 0.358**

[0.036] [0.034] [0.036] [0.018] [0.036]
Direct purchase of technology
   PatentF 0.497** 0.474** 0.497** 0.486** 0.496**

[0.173] [0.172] [0.173] [0.173] [0.173]
R&D spillovers
   DOWN 0.014** 0.014** 0.014** 0.014** 0.014**

[0.001] [0.001] [0.001] [0.001] [0.001]
   R&D * DOWN -0.046 -0.042 -0.046 -0.047

[0.040] [0.039] [0.040] [0.040]
   FDIfirm 0.044** 0.041** 0.044** 0.044** 0.044**

[0.005] [0.004] [0.005] [0.005] [0.005]
   R&D *  FDIfirm -0.109 -0.109 -0.101 -0.118

[0.121] [0.121] [0.121] [0.121]
   R&Dind 0.127** 0.132** 0.127** 0.103** 0.127**

[0.022] [0.021] [0.022] [0.020] [0.022]
   R&D *  R&Dind -2.667** -3.183** -2.667** -2.665**

[0.876] [0.710] [0.876] [0.876]
   FDIind 0.847** 0.810** 0.847** 0.882** 0.846**

[0.077] [0.066] [0.077] [0.076] [0.077]
   R&D * FDIind -1.777 -1.777 -5.210** -1.721

[1.990] [1.990] [1.613] [1.988]
   IMP 0.216 0.231 0.216 0.224 0.129

[0.208] [0.208] [0.208] [0.208] [0.165]
   R&D * IMP -3.285 -3.605 -3.285 -3.280

[4.848] [4.818] [4.848] [4.848]
Year dummies Yes Yes Yes Yes Yes
Observations 69,628 69,628 69,628 69,628 69,628
R-squared 0.198 0.198 0.198 0.198 0.200
For notes and sources, see Table 4.

Firm's own R&D expenditures

Patent purchases from foreign firms

Domestic parent firm's ownership

Foreign ownership (firm-level FDI)

R&D by other domestic firms in the same
industry

R&D by foreign-owned firms in the same
industry (industry-level FDI)

General machinery imports



Table A1.  List of Industries

Industry Industry
1 Livestock products 30 Manufacture of leather tanning, leather products and fur skins
2 Seafood products 31 Glass and its products
3 Flour and grain mill products 32 Cement and its products
4 Miscellaneous foods and related products 33 Miscellaneous ceramic, stone and clay products
5 Soft drinks, carbonated water, alcoholic, tea and tobacco 34 Iron and steel
6 Prepared animal foods and organic fertilizers 35 Miscellaneous iron and steel
7 Silk reeling plants and spinning mills 36 Smelting and refining of non-ferrous metals
8 Oven fabric mills and knit fabrics mills 37 Non-ferrous metals worked products
9 Dyed and finished textiles 38 Fabricated constructional and architectural metal products, including

fabricated plate work and sheet metal work
10 Miscellaneous textile mill products 39 Miscellaneous fabricated metal products
11 Textile and knitted garments 40 Metal working machinery
12 Other textile apparel and accessories 41 Special industry machinery
13 Sawing, planning mills and plywood products 42 Office, service industry and household machines
14 Miscellaneous manufacture of wood products, including bamboo and 43 Miscellaneous machinery and machine parts
15 Manufacture of furniture and fixtures 44 Industrial electric apparatus
16 Pulp and paper 45 Household electric appliances
17 Paper worked products 46 Miscellaneous electrical machinery equipment and supplies
18 Printing and allied industries 47 Communication equipment and related products
19 Chemical fertilizers and industrial inorganic chemicals 48 Electronic data processing machines, digital and analog computer,

equipment and accessories
20 Industrial organic chemicals 49 Electronic parts and devices
21 Chemical fibers 50 Motor vehicles, parts and accessories
22 Oil and fat products, soaps, synthetic detergents, surface-active agents and

paints
51 Miscellaneous transportation equipment

23 Drugs and medicines 52 Medical instruments and apparatus
24 Miscellaneous chemical and allied products 53 Optical instruments and lenses
25 Petroleum refining 54 Watches, clocks, clockwork-operated devices and parts
26 Miscellaneous petroleum and coal products 55 Miscellaneous precision instruments and machinery
27 Plastic products, except otherwise classified 56 Ordnance and accessories
28 Tires and inner tubes 57 Newspaper industries
29 Miscellaneous rubber products 58 Publishing industry



Table A2.  Summary Statistics

Basic Statistics
Variable N Mean S.E.
lnTFP 69,628 -0.037 0.102
Firm's own R&D activity
   R&D Firm's own R&D expenditures 69,628 0.009 0.020
Direct purchase of technology
   PatentF Patent purchases from foreign firms 69,628 0.000 0.002
R&D spillovers
   DOWN Domestic parent firm's ownership 69,628 0.244 0.398
   FDIfirm Foreign ownership (firm-level FDI) 69,628 0.013 0.086
   R&Dind R&D by other domestic firms in the same industry 69,628 0.022 0.018
   FDIind R&D by foreign-owned firms in the same industry (industry-level FDI) 69,628 0.001 0.005
   IMP General machinery imports 69,628 0.000 0.002

Correlation Matrix
N  = 69,628 lnTFP R&D PatentF DOWN FDIfirm R&Dind FDIind IMP
lnTFP 1
R&D Firm's own R&D expenditures 0.194 1
PatentF Patent purchases from foreign firms 0.068 0.132 1
DOWN Domestic parent firm's ownership 0.087 -0.049 -0.016 1
FDIfirm Foreign ownership (firm-level FDI) 0.122 0.133 0.248 -0.070 1
R&Dind R&D by other domestic firms in the same industry 0.123 0.352 0.085 0.074 0.097 1
FDIind R&D by foreign-owned firms in the same industry (industry-level FDI) 0.061 0.228 0.096 0.000 0.087 0.423 1
IMP General machinery imports 0.018 0.047 0.058 -0.019 0.127 0.040 -0.018 1
Note: For the definition of variables, see main text.
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