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Abstract 

We utilize industrial panel data for Japanese manufacturing to estimate the sources of the Solow 

residual by simultaneously considering embodied technical progress, spillover effects, and 

openness, after controlling returns to scale, imperfect competition, and capacity utilization. 

Estimation results show the existence of considerable embodied technical progress and the 

inter-industry externality of capital investments positively affecting productivity growth. 

Embodied technical progress causes R&D capital to be insignificant in affecting productivity 

growth, suggesting that the impact of R&D is realized only after being embodied into other 

capitals. We notice heterogeneity in factors affecting productivity growth between the durable 

and non-durable manufacturing sectors.    
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