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science may lead to a new idea that improves computer chips. Such positive spill-
overs are not a problem for our analysis; instead, they are one possible factor that 
our research productivity measure captures. Of course, other things equal, positive 
spillovers would show up as an increase in research productivity rather than as the 
declines that we document in this paper. Alternatively, if such spillovers were larger 
at the start of our time period than at the end, then this would be one possible story 
for why research productivity has declined.13

A type of measurement error that could cause our findings to be misleading is if 
we systematically understate R&D in early years and this bias gets corrected over 
time. In the case of Moore’s Law, we are careful to include research spending by 
firms that are no longer household names, like Fairchild Camera and Instrument 
(later Fairchild Semiconductor) and National Semiconductor so as to minimize this 
bias: for example, in 1971, Intel’s R&D was just 0.4 percent of our estimate for total 
semiconductor R&D in that year. Throughout the paper, we try to be as careful as 
we can with measurement issues, but this type of problem must be acknowledged.

IV. Agricultural Crop Yields

Our next application for measuring research productivity is agriculture. Due partly 
to the sector’s historical importance, crop yields and agricultural R&D spending are 
relatively  well measured. We begin in Figure 5 by showing research  productivity for 
the agriculture sector as a whole. As our “idea output” measure, we use (a smoothed 

13 Lucking, Bloom, and Van Reenen (2017) provides an analysis of R&D spillovers using US  firm-level data 
over the last three decades. They find evidence that knowledge spillovers are substantial, but have been broadly 
stable over time.

Figure 4. Data on Moore’s Law

Notes: The effective number of researchers is measured by deflating the nominal semiconductor R&D expenditures 
of key firms by the average wage of  high-skilled workers and is normalized to 1 in 1970. The R&D data include 
research by Intel, Fairchild, National Semiconductor, Texas Instruments, Motorola, and more than two dozen other 
semiconductor firms and equipment manufacturers; see Table 1 for more details.
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