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1. Introduction

What impact does a major technological breakthrough have on the economy, notably on the level and rate of growth of productivity? How long does it take before the new technology has spread throughout the economy, fundamentally altering modes and patterns of production and consumption? The purpose of this paper is to explore these questions. In particular, we will explore whether each breakthrough is unique in its effects or whether one can detect a general pattern. We will compare the effects of three technological breakthroughs, namely the steam engine, electrification and the ICT-revolution.

2. Comparing technological breakthroughs

According to many observers (e.g. Castells 1996, 1997 and Litan and Rivlin 2001) we have just experienced a technological revolution based on a breakthrough in information and communication technology (ICT). This has already impacted profoundly on the way we lead our lives and produce goods and services. Moreover, significantly higher rates of productivity growth were observed in the latter half of the 1990s compared to the 1970s and 1980s, particularly in the United States. This tendency was discernible in several other countries too, but at closer inspection it appears that it may only be true for the sectors producing the new technology. 

Before the contemporaneous breakthrough there have been other important technological revolutions in human history. Focusing on major breakthroughs and the period since the eve of the Industrial Revolution in the UK, the number of equally important innovations is exceptionally small. Arguably, there are only three innovations that can rival ICT in importance: the steam engine, the internal combustion engine and electrification. 

Bresnahan and Trajtenberg (1995) have developed the concept General Purpose Technology (GPT), which is very useful in this context. They argue that whole eras of technical progress are driven by a few GPTs, characterized by pervasiveness, inherent potential for technical improvements and innovational complementarities giving rise to increasing returns to scale. 

The GPT concept and the questions in the introduction are very broad, and more specifically we address the following questions: 

(i) Have these technological breakthroughs been important for productivity growth?

(ii) What similarities and differences are there between the three technological breakthroughs?

(iii) What similarities can be found in the pattern of productivity growth after the breakthroughs and do they differ across countries?

(iv) Is productivity growth different in sectors producing the new technology compared to sectors using it?

We believe that the questions above must be analyzed with a combination of different perspectives, including the micro, macro and meso levels. By combining these three perspectives and analyzing three major technological breakthroughs, it will be possible to gain new knowledge on the impact of different technological breakthroughs on productivity growth.

3. Method

3.1 Sources

For the first two technological breakthroughs, the steam engine and electrification, we use secondary sources for analyzing productivity growth. We primarily focus on Sweden, the UK and the US. This is due to data limitations.

For the ICT revolution we use primary data taken from the OECD Structural Analysis industrial database (STAN) (OECD 2003) to analyze sectoral productivity in manufacturing for six countries. The six countries are: Finland, France, Germany, Sweden, the United Kingdom and the United States. 

3.2 Data quality and measurement issues

We will present estimates both of labor productivity growth and total factor productivity (TFP) growth. As long as numerous independent sources are used and the data are viewed critically, we deem that the quality and accuracy of productivity data for earlier technological breakthroughs is sufficiently high to warrant conclusions about productivity development and the diffusion of the GPT in the economy. We have used as many sources as possible covering each technological breakthrough. 

4. Results

We find that it takes long from the time of the original invention until a substantial increase in the rate of productivity growth can be observed. For the steam engine this was about 140 years (85 if the Watt engine is treated as the original innovation), while it was 40–50 years for electrification and the ICT revolution. We also find evidence of rapid price decreases for steam engines, electricity, electric motors and ICT products. This indicates rapid productivity growth in the industries producing the new technology. However, we cannot find persuasive direct evidence that the steam engine producing industry and electrical machinery had particularly high productivity growth rates. For the ICT revolution the highest productivity growth rates are found in the ICT-producing industry. We suggest that one explanation could be that hedonic price indexes are not used for the steam engine and the electric motor. Still, it is likely that the rate of technological development has been much more rapid during the ICT revolution compared to any of the previous breakthroughs.

Our empirical investigation supports the view that it takes time for new GPTs to affect productivity. However, the three GPTs investigated in this paper have been followed by very different patterns of productivity growth. We argue that this can partly be explained by the way productivity is measured. If quality adjustments had been made also for industries producing steam engines and electric motors, this would have resulted in higher productivity growth rates for these industries. Moreover, our results have also shown that generalizations about the diffusion of new technology cannot be drawn too far. 
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