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Introduction:   

 

How does science and engineering (S&E) employment respond to the business cycle?  On the one hand, 

R&D activities, in which many but not all S&E workers are engaged, may rise during recessions as the 

value of capital and technical personnel in non-R&D uses—their opportunity cost in R&D—falls.  

Alternatively R&D expenditures may fall if these expenditures are funded out of firms' cash flow, which 

of course falls during recessions.  The degree of pro-cyclicality of R&D expenditures, which reflect 

spending on all inputs, including S&E employment, depends on the relative strength of the cash flow and 

opportunity cost considerations. 

 

S&E employment may differ from other R&D inputs in its sensitivity to business cycles.  Three 

phenomena may dampen swings in S&E employment relative to other R&D and non-R&D inputs.   First, 

firms face significant costs of employment that do not vary with worker hours.  Economists call these 

quasi-fixed costs of employment and examples include hiring and training costs.2 Firms may be reluctant 

to part with even non-productive S&E workers because they do not wish to re-incur these quasi-fixed 

expenses when the economy (and these workers’ productivity) picks up again.  Second, letting R&D 

workers go hurts the continuity of research programs which often have long gestation periods. Third, an 

employer’s valuable IP is bound up in R&D workers' human capital: releasing these workers potentially 

releases this knowledge to the employer's competitors. 

 

This note describes early results from an analysis of the sensitivity of industrial R&D activities to 

business cycles. This analysis is being conducted by the author and his colleagues, Richard Freeman 

(Harvard University and NBER), Erling Barth (University of Oslo and Institute for Social Research in 

Oslo), James Davis (U.S. Census), and Andrew Wang (NBER).  The larger project examines not only the 

cyclicality of R&D and S&E employment (both in R&D and non-R&D jobs), but also the effect of 
                                                            
1 All errors however are the sole responsibility of the note's author. 
 
2 See Oi (1962). 
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government spending, as in the large ARRA science and technology-focused stimulus, on non-

governmental R&D and S&E employment.  One aim of our research is to generate the counterfactual that 

we will use to evaluate the effect of ARRA R&D spending on S&E employment.   

 

This note describes an analysis using U.S. Census-NSF R&D data at the firm level to study the effect of 

business cycles on S&E employment.  Is S&E employment sensitive to the business cycle?  If so, how 

sensitive?  And how does the cyclicality of S&E employment compare to non-S&E workers?  These are 

important questions because disruptive effects of recessions on R&D and S&E employment mean that 

business cycles can influence economic outcomes long after recessions and depressions.  

 

The note includes an appendix that describes related work by the author with his colleagues, both recently 

completed and in progress. 

 

Literature: 

 

Figure 1 below shows R&D expenditure and employment growth rates plotted alongside GDP growth 

rates for the period 1957 through 2005.   (The data are not yet available for the period since the recent 

severe recession.) The business cycles over the period (as defined by the National Bureau of Economic 

Research) are demarcated by red hashed lines.  The figure shows that both R&D expenditures and 

employment closely track the business cycle. Moreover, it appears that R&D expenditures and 

employment are less volatile than GDP.   These impressions are confirmed and extended in more 

sophisticated analyses of R&D and the business cycle in the recent literature.  Using Compustat data on 

manufacturing firms for 1972-1990, Rafferty and Funk (2008) find non-federally funded R&D 

expenditures are pro-cyclical.   Using NSF aggregate data for 1948-2001, Comin and Gertler (2006) find 

the same, though in the recession of the early 1980s, R&D expenditures actually rose relative to GDP.  

Bloom (2007) estimates that growth rates of R&D capital among Compustat firms in the 1990s have 

greater serial correlation than the growth rates of physical capital, sales, and employment. Barlevy (2007) 

finds that R&D spending in both NSF and Compustat data is procyclical, and employment of R&D 

scientists and engineers is also pro-cyclical but less so than R&D spending. 

 

The main conclusions from this literature are that R&D activity generally appears to fall in recessions, 

though not to the degree other activities do.   When using data aggregated to the economy level, at least, 

researchers find that  R&D S&E employment is pro-cyclical but less pro-cyclical than R&D expenditures. 
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Studying R&D employment in the aggregate masks what is happening at the firm level because some of 

the R&D response is due to entering and exiting firms.  How do firms adjust their R&D S&E employment 

in response to changes in the business climate?  The next section describes the results of a preliminary 

analysis of this question. 

 

Empirical Analysis: 

 

I use data from the Census-NSF Survey of Industrial Research and Development for the period 1972 to 

2005 which contain R&D expenditures, federal R&D funding, R&D employment, and total employment 

at the firm level.  The SIRD samples approximately 25,000 companies each year. Large companies with 

$5 million or more in R&D expenditure are included in the sample with certainty.  

 

Table 1 shows estimates from firm-level regressions of rates of change in sales, R&D expenditures, 

employment, and R&D S&E employment on rates of change in GDP and sector output.  Our idea is to use 

the firm's sales and overall employment as a benchmark for R&D expenditures and R&D S&E 

employment, respectively.  Note that the regressions include only the subset of firms that are sampled 

with certainty, but that these account for 98% of R&D expenditures and S&E workers in the economy. 

Regressions 1, 2, 3 and 4 in Table 1 use GDP as a measure of the business cycle.  Regressions 1a, 2a, 3a, 

and 4a, use sector output as a measure of the business cycle.   

 

First consider models 1, 2, 3, and 4.   Table 1 shows that sales and R&D expenditures are equally 

sensitive to changes in GDP: a one percent increase in the GDP growth rate is associated with a one 

percent increase in the growth rates of a firm's R&D expenditures and sales.  The findings are identical 

for R&D S&E employment and total employment. 

 

The results from the estimation of models 1a, 2a, 3a, and 4a show that output in the firm's sector better 

captures relevant business conditions relevant to the firm's decision-making.  All firm-level measures are 

between 2.5 and 3.5 times more sensitive to growth rates in own-sector output than economy-wide output.  

The effect of sector-level output on a firm's R&D expenditures is a little over 10 percent lower than its 

effect on firm sales.  The effect of sector-level output on R&D employment is over a third smaller than its 

effect on a firm's aggregate employment.  Finally, these results show that R&D expenditures (which 
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reflect partly capital and material costs of R&D) are about 15 percent more sensitive to sectoral changes 

than is R&D employment. 

 

Discussion and Conclusion: 

 

R&D expenditures and R&D employment are pro-cyclical.  Economy-wide, R&D activities are less pro-

cyclical than other activities, and R&D employment is less pro-cyclical than R&D expenditures.  At the 

firm level, these findings are confirmed when economic conditions are measured at the sector level.  This 

evidence is consistent with the opportunity cost story.  It is also consistent with greater hoarding of R&D 

S&E workers relative to non-R&D S&E workers due to quasi-fixed employment costs or to the nature of 

the R&D enterprise.  Firms may be discouraged from laying off R&D workers because that harms the 

continuity of research programs which have long gestation periods.  Also, the employer's valuable 

intellectual property is bound up in R&D workers' human capital and their separation potentially releases 

this knowledge to the employer's competitors (e.g., Kim and Marschke, 2005).  For these reasons firms 

may be less inclined to adjust R&D S&E employment to changes in business conditions. 

 

Here I analyze only S&E workers directly involved in the R&D enterprise.  Evidence suggests, however, 

that many S&E workers' primary work activities are not in research or development, but in other 

activities, such as sales and management.  Future work will add to the above analysis a study of non-

R&D-doing S&E workers using data from the Bureau of Labor Statistics.  Future work will also evaluate 

the effect of federal R&D funding on total R&D expenditures and S&E employment in firms and in 

universities. 

 

Appendix 1 describes related work on S&E workforce issues by the author with his colleagues, both 

recently completed and in progress.  
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Table 1 
Sensitivity of Firm’s R&D expenditures, sales, R&D S&E employment, and overall employment 

to the Business Cycle 

 Dependent variable 

 R&D Expenditures Sales R&D S&E 
Employment 

Employment 

 1 1a 2 2a 3 3a 4 4a 

Constant .102 
(.002) 

.124 
(.003) 

.105 
(.002) 

.125 
(.002) 

.108 
(.003) 

.129 
(.003) 

.083 
(.002) 

.103 
(.002) 

GDP .998 
(.007) 

 1.002 
(.006) 

 .985 
(.009) 

 1.005 
(.006) 

 

Sector Output  3.081 
(.080) 

 3.407 
(.073) 

 2.434 
(.100) 

 3.258 
(.071) 

Observations 86,337 85,069 86,467 85,185 81,742 80,635 86,503 85,223 

Notes: 
1. Models are estimated using firm-level data.  Each model estimated with firm fixed effects. 
2. Table reports coefficient estimates, standard errors in parentheses.  
3. Each variable measured as change in real annual growth rate. 
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Addendum: Selected list of Marschke’s Related Research 

(see http://www.albany.edu/~marschke/bio.pdf for complete list) 
 

Project Title Collaborators/
Co-Authors 

Description Project Status 

“Booms and Busts in NIH Funding and 
their Effects on the Health Sciences” 

E. Barth, R. 
Freeman, and 
A. Wang 

Examines the effect of 
changing NIH budgets on the 
quality and quantity of 
biomedical research and on 
scientific careers. 

In progress 

"Scientists and Engineers as Agents of 
Technological Progress: Measuring the 
Returns to R&D and the Economic 
Impact of Science & Engineering 
Workers” 

E. Barth, J. 
Davis, R. 
Freeman, and 
A. Wang 

Estimates the economic 
return to R&D spending, 
measures the economic 
impact of both R&D and 
non-R&D S&E workers, 
and assesses the effects of 
the mobility of S&E 
workers on economic 
productivity.  

In progress 

"Aging of the Scientific Workforce and 
the Production of High Impact and 
Transformative Research" 

K. Börner and 
B. Weinberg 

Examines the impact on the 
age of scientists on the 
quantity and quality of 
(especially highly-
transformative) science. 

In progress 

"Who are the R&D Revolutionaries? 
Evidence from the Nano and Biotech 
Revolutions" 

 Uses the patent record to 
study the age and other 
characteristics of inventors 
working at the dawn of nano 
and biotechnology. 

In progress 

“Incentives in Academia” P. Courty Documents and attempts to 
explain variation in pay 
across academic disciplines 
within and across universities 
and consequences of this 
variation for university 
rankings. 

In progress 

“Teams in R&D: Evidence from Inventor 
Data” 

J. Kim Examines the formation of 
inventor teams in U.S. R&D-
active firms. 

Two working papers 
completed. 

"The Influence of University Research on 
Industrial Innovation” 

J. Kim and S. 
Lee 

Uses U.S. patent records to 
examine flow of technology 
from university to industrial 
sectors. 

Published as NBER 
Working Paper Series 
(No. 11447), June 
2005. 

“International Knowledge Flows: 
Evidence from an Inventor-Firm Matched 

J. Kim and S. 
Lee 

Uses U.S. patent records to 
examine flow of technology 

Book chapter 
published in Science 
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Data Set” from offshore sources to U.S. 
industry. 

and Engineering 
Careers in the United 
States: An Analysis of 
Markets and 
Employment, (R.  
Freeman and D.  
Goroff, eds.), NBER 
and The University of 
Chicago Press, 2009, 
pp. 321- 
348. 

"Labor Mobility of Scientists, 
Technological Diffusion, and the Firm’s 
Patenting Decision” 

J. Kim Finds that R&D-active firms’ 
patenting is associated with 
the mobility of its technical 
personnel, suggesting firms 
patent to protect their 
intellectual property from 
appropriation by their own 
workers. 

Published, The Rand 
Journal of 
Economics, Summer 
2005, 
36(2), pp. 298-317 

 


