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Abstract 

Government intervention in R&D activity through public R&D expenditures is an 
established practice across nations. Public R&D, whether in the form of direct 
subsidies or intramural expenditures, may however not be unequivocally positive. 
First, public R&D expenditures can have a direct crowding-out effect by merely 
substituting for private R&D. Second, due to an inelastic supply of researchers, the 
effectiveness of public R&D may be limited and instead translate into higher wages 
rather than additional employment. 

In this paper, I aim to cast light on the former issue by assessing the effects of public 
R&D on the labour market for researchers in Denmark. The Danish context is 
especially relevant in light of the Globalisation Agreement (Globaliseringsaftalen)  
from 2006, in which the Danish government decided to raise its public R&D 
expenditures and to educate more researchers. 

I therefore investigate two main relationships: (1) Public R&D expenditures effects 
on researchers’ wages, and (2) Public R&D effects on R&D employment.  

I use a panel data set of aggregate average wages, full-time employment and 
detailed public R&D expenditures in the period 2007-2015. To estimate the 
relationship, I rely on a simple reduced-form approach and employ fixed effects 
LSDV models. 

My main results indicate that public R&D is weakly associated with researchers’ 
wages, while a strong association with R&D employment is found. The results hence 
imply that the labour market is not an obstacle to public R&D expenditures as the 
supply of researchers is elastic in the period under investigation.  
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1. Introduction 

Research and development (R&D) and the consequent scientific progress has for a long time 

been acknowledged as a key source of the advancement of societies and increased well -being 

of people. In recent decades, R&D and the creation of new knowledge has been identified to 

also be a crucial source of economic growth (Romer, 1990; Mansfield, 1991; Adams, 1990).  

Recognising scientific development to be an important source of economic growth, it does not 

come as surprise that the government has an interest in playing an active role of promoting 

R&D activity through various policies. While the governments ’ primary role has been to 

enhance R&D by creating a strong legal setting that protects innovators in the form of 

intellectual property laws and reward structures such as patent institutions, the government 

has also played a more direct role by conducting R&D itself, funding R&D projects or providing 

R&D subsidies to private companies (Diamond, 1999).  

Direct government R&D intervention is motivated by the market failure argument of some 

socially important R&D engagements. That is, some R&D projects are not undertaken by the 

private sector due to a negative economic payoff, but where the social return of those projects  

are deemed positive. Because of the gap between social and private return, the government 

steps in to capture the social return of those projects and bring private R&D to socially optimal 

levels (Nelson, 1959; Arrow, 1962; Griliches, 1992; Hall, 1996). Market failure is primarily 

embedded in basic exploratory R&D, where the private sector struggles to capture the 

benefits through existing legal and patent institutions. Basic R&D often yield general scientific 

knowledge, which is not appropriable by private companies due to a lack of commercialisation 

potential or because the idea is easily imitated by competitors. In addition, basic R&D is more 

risky than applied R&D due to the uncertain outcome of it, which further decreases the 

expected return for private companies (Wolff and Reinthaler, 2008).  

While the market failure proposition has a strong foothold within the economic literature, 

there are several arguments for why public R&D may in fact have an adverse effect on private 

R&D investments. Scholars have raised two main concerns in this regard. First, public R&D 

may directly substitute for private R&D if the government undertakes projects that would 

have been conducted by the private sector. Second, public R&D through subsidies or 



Page 6 of 68 
 

intramural expenditures may translate into higher wages rather than R&D activity due to an 

inelastic supply of highly skilled workers. Higher R&D unit costs may alter the net present value 

of some private R&D projects from positive to negative, which leads to project secessions. In 

such case, the only winners of additional expenditures are R&D workers in the form of windfall 

gains (Goolsbee, 1998; David and Hall, 2000).  

The direct substitution and indirect discouragement of private R&D are known in the literature 

as crowd-out effects of public R&D. A vast literature exist on the direct substitution effects, 

whereas the literature relating to indirect crowd-out effects which happens via the R&D input 

market has been researched to a lesser extent. The aim of this paper is to contribute to the 

less researched indirect crowding-out literature by answering the following research question: 

What are the effects of public R&D expenditures on the wages and employment of 

researchers in Denmark? 

More specifically, I investigate how public R&D expenditures affects the wages of scientists 

and engineers employed in the private sector in the short run. Concurrently, I estimate the 

effect of public R&D expenditures on private and total R&D employment. 

The study of public R&D effects on wages and employment is especially relevant in light of the 

Globalisation Agreement from 2006, where the Danish parliament decided to increase its R&D 

expenditures and number of researchers, with the aim of improving its international  

competitiveness and innovation output (Finansministeriet, 2006). Given the potential crowd-

out effects of excessive public R&D, it is germane for policy makers to get a deeper insight into 

the effects on the labour market of their policies.  

Based on the observation that the Danish government has increased its investments in the 

education of researchers together with public R&D investments, I hypothesise an elastic 

supply of researchers and hence expect public R&D expenditures to have a weaker effect on 

researchers’ wages relative to employment. 

I test this hypothesis by using a dataset of aggregate average hourly wages of scientists and 

engineers and the number of full-time employees for 18 occupations and 16 clusters of 

detailed public R&D expenditures in the period between 2007 and 2015. The detailed clusters 
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enables me to target the specific impact of a particular R&D activity on researchers’ wages  

and employment, who possess the necessary skillset to carry out the R&D. Due to the lack of 

microdata, I use a reduced-form model and employ fixed effects OLS to empirically estimate 

the wage and employment equations, in which public R&D expenditures are assumed to be 

exogenously determined. 

My results show that public R&D spending is weakly associated with researchers’ wages, 

whereas public R&D and employment is rather strongly associated. This finding is in alignment 

with my hypothesis, suggesting that public R&D does not have inflationary effects on 

researchers’ wages and that the labour supply of researchers are fairly elastic in the short run. 

A likely explanation for the results is the supply of researchers have matched the increases in 

public R&D expenditures, by admitting more Ph.D. candidates within the science and 

engineering field, with additional reliance on international Ph.D. candidates and researchers.  

It is important to note, that the aim of this study is to cast light on the labour market effects 

of public R&D. I do not assess the effectiveness of public R&D activity in terms of  economic 

growth, knowledge spill overs, patents, productivity, innovative capacity or other beneficial 

effects, which is the primary goal of public R&D. 

The paper is structured as follows: Section 2 presents a brief overview of R&D in Denmark and 

the labour market for researchers. Section 3 presents a review on the crowd-out literature. 

Both the direct and indirect crowd-out literature of public R&D are covered. Section 4 lays 

down the theoretical foundation that the study is based on. Section 5 presents the data 

sources and variables used for the estimation, the sample selection, and the descriptive 

statistics. Section 6 describes the methodological approach employed in the study. Section 7 

reports the main results and the robustness tests, including the empirical analysis. Section 8 

presents a discussion of possible explanations of the results. Furthermore, limitations of the 

study and direction for future research is proposed. The final section rounds off the paper with 

some concluding remarks. 
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2. Institutional background 

In this chapter I briefly explain the most important characteristics of public R&D spending, the 

market for researchers and wage settlements in Denmark.  

2.1. R&D spending  

Growth and front leadership in public R&D 

Denmark is a front leader when it comes to total R&D expenditures among the OECD 

countries. In 2014, the public and private sector collectively invested 3.02% of GDP in R&D 

activities, thereby being one of the few countries in Europe that meets the 3%-objective set 

forth by the European Council in Barcelona in 2000 (European Commission).  

From Figure 1, one can see that investment in R&D has been on a rising trend within both the 

public and private sector as a percentage of GDP in Denmark. 

Figure 1 – R&D expenditures as % of GDP 

 

 

From 2007 to 2014, total R&D expenditures have increased from 2.32% of GDP to 3.02% of 

GDP. That is, DKK 59 billion totally invested in 2014. Although both sectors have contributed 

to the growth in R&D investments, the Danish government has been the main driver of the 

growth by constantly increasing its spending level in this area. In 2007, public R&D amounted 

to 0.74% of GDP whereas in 2014 this figure jumped to 1.15% of GDP. In nominal terms, this 

amounts to a public R&D expenditure of DKK 12.8 billion in 2007 to DKK 22.4 billion in 2014 

(Innovation, 2016) – an increase of 75% over less than a decade. The public-to-private R&D 
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ratio has thus increased from 31.8% in 2007 to 38.1% in 2014. This is in fact more than 

prescribed by the Barcelona objective, which recommends that one-third of R&D is publicly 

financed whereas two-thirds to be privately financed. This puts Denmark in the top among 

the EU and OECD countries when it comes to public R&D intensity, with a considerable margin 

over the EU-28 average.  Figure 2 illustrates how Denmark compares to other EU and OECD 

countries in this respect.  

Figure 2 – Public R&D budgets across selected OECD and EU countries, 2014 

 

 

Institutional setup, budget-financing and application of R&D funds 

The performers of R&D are broadly split between the private sector and the public sector, 

which is further broken down by narrower sectors. The private R&D sector consists of: the 

business enterprise sector (BERD) and private non-profit sector (PNP). And the public R&D 

sector consists of the government sector (GOVERD) and the higher education sector (HERD).  

The R&D performance by the private and public sectors can be financed by both sectors and 

from abroad. Figure 3 illustrates the flow of funds in 2013. 

0.00 0.20 0.40 0.60 0.80 1.00 1.20

Denmark

Sweden

Finland

Germany

Netherlands

Norway

Iceland

USA

Japan

France

Belgium

EU-28

Spain

Italy

UK

% of GDP

Source: Statistikbanken, FOUOFF07 series. 



Page 10 of 68 
 

Figure 3 – Flow of R&D funds in DKK billion, 2013 

 

In spite of cross-finance, Figure 3 shows that most of R&D finance and performance stays 

within the same sector. 98% of funds from the business sector is spent within the business 

sectors, whereas 92% of funds from the public sector is spent internally. 

Most of the public R&D is conducted within the higher education sector, which accounts for 

76% of all public R&D expenditures. The higher education section includes  all Danish 

universities and public university hospitals (Innovation, 2016). 

The public R&D expenditures are allocated towards six main fields. Figure 4 shows how the 

DKK 21.8 billion in 2015 were spent based on main research fields . 

Figure 4 – Public R&D expenditures by main fields of research, 2015 
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Figure 4 shows that more than half of public R&D is allocated towards health services and 

technical sciences.  

2.2. The market for researchers 

Researchers employed in R&D typically possess a Ph.D. degree (Innovation, 2016). In 2015, a 

total of 21,237 persons under the age of 70 had a PhD-degree in Demark, which equates to 

7.7 doctorate holders per 1,000 workers in the labour force (Ibid.). OECD estimated that 

Denmark had 5 doctorate holders per 1,000 labour force in 2009, whereas countries that 

Denmark usually compares itself to, such as Norway and Germany had 7.5 and 13, respectively 

(Auriol, 2010). While the ratio has been growing, Denmark is still below the level of many 

comparable OECD countries. 

A political consensus was reached in 2006 to double the number of Ph.D. candidates. This 

political decision was based on increasing Denmark’s international competitiveness  (Ibid.). 

Figure 5 illustrates the growth in awarded Ph.D. degrees over the course 1996-2015.  

Figure 5 – Ph.D. awards by field and year 
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Ph.D. holders are highly sought for on the Danish labour market, and among the 20,700 Ph.D. 

graduates in 2013, 19,300 were in employment (Innovation, 2016). 36% were employed in the 

private sector and 64% in the public sector. The private sector is dominated by the life science 

industry which employ 20% of all the Ph.D. personnel. In the public sector, 56% of all Ph.Ds. 

are employed in the higher education institutions, while 44% are in other government 

institutions. While the higher education institutions are specialised across a broader field of 

sciences, the government institutions heavily employ Ph.Ds. within the health services. 51% 

of the Ph.D. personnel in the government institutions are employed by hospitals and other 

health institutes (Ibid.) 

In spite of the rapid growth in Ph.D. awards, which is especially concentrated between 2008 

and 2015, a cap has been set to an intake of 2,400 admissions, and it is expected that the 

admissions are to drop within the next decade (Ibid.). 

2.3. Wage settlements 

In Denmark, there is no legislation regarding wage formation in general nor a national 

minimum wage. Wages are instead defined through collective bargaining. This typically takes 

places every second or third year. The length of the agreement period is decided on each 

occasion (Moderniseringsstyrelsen, 2011).  

The main actors in the private sector are the Employers’ Associations organised in the 

Confederation of Danish Employers’ Associations (DA) and the unions organised in the 

Federation of Trade Unions (LO). Over time, wage formation in the private labour market has 

become more decentralised, which has decreased the role of the centralised wage settlement 

process. This has especially been the case for highly skilled employees with an academic 

background who usually negotiate a higher gross wage at the enterprise level. In this respect, 

the collective bargaining system does not have much influence on the private labour market 

and the wage formation for R&D personnel. 

The main actors in the public sector are the Ministry of Finance and the unions organised in 

the Danish Central Federation of State Employees’ Organisations (CFU). In contrast to the 

private sector, the public sector has traditionally been highly centralised and agreements have 

been standard-wage agreements with fixed salaries (Eurofound). A change to the system was 
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signalled in 1997 to make a more flexible and decentralised pay arrangement framework. In 

1998, a new pay system was introduced that allowed the employers to add other components  

to the basic wage, which was fixed centrally. Those components consisted of a qualification 

allowance, a supplementary amount negotiated between the employer and employee, and a 

performance-based component as an incentive. In 2011, the public pay system developed 

further to include individual pay negotiations with the aim of providing a framework, which 

looks more similar to the private sector. However, despite increased flexibility to public 

employers and a continuing decentralisation, the public sector remains more rigid compared 

to the private sector (Moderniseringsstyrelsen, 2011). 
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3. Literature Review 

This chapter presents the findings from previous literature on how public R&D affects private 

R&D and the market for R&D input. While the focus of this study is to examine the latter, it is 

necessary to have an understanding on the general crowd-out literature. 

Although an extensive literature exists on the direct crowd-out effects, I do not provide an 

exhaustive review, but rather the key findings at the firm-, industry- and macro-level. The 

literature on the indirect crowd-out is rather scarce. I therefore include all important work, 

and briefly provide the key findings. 

The first section covers the literature addressing the direct effects, that is whether public R&D 

substitutes or complements private R&D. Hereafter, I present the literature on the indirect 

effects that the government plays through their presence on the labour market.  

3.1. Direct effect: Substitutability or complementarity?   

The literature on the public-private R&D relationship is primarily concentrated at the firm- 

and macro- level, whereas the industry research is scarcer. Below I present the key findings 

at each aggregation level. 

3.1.1. Firm-level studies 

Hamberg (1966) was the first who addressed the relationship between public R&D and private 

R&D using a regression approach and cross-sectional data of 405 companies. By regressing a 

firm’s share of private R&D employment on its government contracts in a simple OLS model, 

Hamberg finds that government contracts have a positive and significant effect on private R&D 

in six out of eight industries. The two industries for which the coefficients are insignificant 

pertains to industries where the proportion of public R&D to private R&D is already high; 

namely the aircraft and missiles industry. Later studies confirmed the finding that public R&D 

has a weaker effect on private R&D when the share of public R&D is already large (David , 

Toole and Hall, 2000).  

While Hamberg’s (1966) study examines  R&D activity on a broader scale, without 

distinguishing for the different types of R&D, Higgins and Link’s (1981) study differentiates 

between basic, developmental and applied R&D. In their cross-sectional research of 174 
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manufacturing firms, they find that private basic research drops as firms receive subsidies, but 

the developmental research intensity increases more than the drop in basic research, and 

hence they report a positive total effect. 

Lichtenberg (1984) points out neglected issues in the early firm-level papers. He argues that 

the previous studies fail to account for time constant and unobserved firm characteristics, 

which possibly leads to an upward bias on the coefficients estimates. Lichtenberg (1984) 

address the issue by using a panel data set of firms in three different time-periods. Once he 

controls for firm fixed effects, he finds that the relationship between public R&D contracts  

and private R&D turns negative, which suggests a crowding-out effect.  

Kaiser (2004) investigates 1,101 R&D performing Danish firms from manufacturing  and 

services in the period 2001. He employs an instrumental variable approach to control for 

potential endogeneity of those firms that received treatment. For this purpose, a treatment 

equation, in the form of a binary probit model is estimated, which captures the probability of 

a firm to receive R&D subsidies. Hereafter, an OLS regression that controls for treatment is 

estimated. Kaiser does not find evidence for crowding-in nor for crowding-out of private R&D 

by public R&D.  

3.1.2. Industry-level studies 

Goldberg (1979) use a fixed-effects OLS model in which he regress private R&D per unit of 

output on current and lagged federal R&D per unit, in addition to a number of control variables 

including industry dummies. He reports significant and positive coefficients for lagged federal 

R&D, and significant and negative coefficients for current federal R&D. Overall he finds a small 

complementarity effect.  

Levin and Reiss (1984) also finds a complementarity between public and private R&D. They 

find that a one-dollar increase in public R&D funding stimulates private R&D investment 

between 7 and 74 cents, depending on the specification. In contrast to Goldberg’s (1979) 

study, they use a structural model that captures the technological opportunities for each 

industry in order to address the endogeneity problem of some industries having better 

opportunities to invest in R&D than others do.  
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Sørensen, Kongsted and Marcusson (2003) investigate the relationship between public R&D 

support, private R&D and productivity in Danish manufacturing firms using industry-level data. 

Public R&D support is characterised by direct private R&D subsidies. The study is based on a 

dataset, which covers the period 1974-1995. They find that direct public R&D subsidies have 

a positive a significant effect on private R&D expenditures. For a 10% increase in direct 

subsidy, private R&D expenditures increase by 6.2%. Furthermore, they find that public R&D 

subsidies have a positive, although insignificant, long-run effect on productivity. For a 10% 

increase in public R&D subsidies, the output increases with 1.2%.  

A recent study, which is similar in construct to Sørensen et al. (2003), of Italian manufacturing 

firms also find a additionality effects of R&D subsidies on private R&D expenditures (Cerulli 

and Poti, 2012). 

3.1.3. Macro-level studies 

The first macro study, and also the most conclusive one, was conducted by Levy and Terleckyk 

(1983). Using US data from the National Science Foundation database in the period 1940 to 

1981, the authors investigate the impact of government contracts and “other” government 

R&D on private R&D investment and productivity. “Other” government R&D is defined as all 

other R&D, which is not performed outside the industry, i.e., universities, government 

facilities, and non-profit organisations. The author’s key conclusions are that government 

contract R&D is positively associated with private R&D investments and productivity, and that 

“other” R&D has no significant contemporaneous relationship, but has a significant 

complementary effect with a lag of three years and a substitutional effect with a lag of nine 

years. In quantitative terms, they find that a 10% increase in R&D contracts stimulates private 

R&D expenditures by 2.7%. “Other” R&D, however, has a negative contemporaneous effect. 

For a 10% increase in public “other” R&D spending, private expenditures decrease by 1.8%. 

The estimates are, however, insignificant. The medium-long-term effects are positive, 

although insignificant, as the 3-year lagged effect has an elasticity of 0.187. The 9-year lag 

effect, however, is negative and significant with an elasticity of -0.031. Estimates for public 

R&D performed outside the industry are thus quite unstable and it is therefore difficult to 

draw valid conclusions on an aggregate level whereas the relationship between public R&D 

contracts and private R&D investments are rather convincing. 
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Another study at the aggregate level was conducted by Diamond (1999). In contrast to Levy 

and Terleckyk (1983), Diamond focuses exclusively on the relationship between public and 

private funding within basic research. Using time series data from 1953 to 1995, he estimates 

whether federal spending on basic research crowds out private spending. The findings does 

not show any evidence of crowding out, instead suggesting that a complementarity between 

federal and private spending is present. A 10% increase in federal spending on basic research 

stimulates private industry spending on basic research with 6.2%.  

Although Diamond (1999) reports crowding in effects, he also acknowledges the limitations of 

the study and recommends interpreting the results with caution. The concerns relate to 

spurious relationships. Both the independent and dependent variable might be reacting 

independently to some other factors, for example to changes in the costs of performing basic 

research.  

3.1.4. Concluding remarks on direct crowding-out effects 

The overall empirical findings on direct crowd-out effects are ambivalent. Findings at all 

aggregation levels, methodological approaches and period of research show both 

complementary and substitutional effects. A comprehensive review of the empirical 

literature on the topic was conducted by David, Hall and Toole (2000). Among 33 studies, 

they find that two out of three studies find complementary effects of public R&D on private 

R&D. Studies at the industry level or higher are more prone to find a complementary effect. 

12 out of 14 studies at this aggregation level found positive effects. Studies at the firm level 

or lower are, however, more ambiguous. 11 out of 19 studies at a lower aggregation level 

found positive effects of public R&D on private R&D, whereas the remaining 8 either found 

substitutional effects or no effect. The most recent studies points towards complementary 

effects. 

3.2. Indirect effects: Labour market  

The number of studies of public R&D effects on the labour market is much smaller compared 

to the studies on the direct public-private R&D relationships. Of those few studies, most are 

done at the firm-level. That is, how direct subsidies affects companies’ average wage costs 

and additional employment.  
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Only two studies investigate the effects of public R&D expenditures on wages and 

employment based on income data of researchers, which the objective of this study is. These 

are Goolsbee (1998) who use microdata and, Marey and Borghans (2000) who employ 

aggregate data.  

Below I present the key findings of the studies considering both direct subsidies to 

companies and gross R&D expenditures at the micro and macro level. 

3.2.1. Micro-level and Firm level 

Goolsbee (1998) was the first to investigate how government through their R&D spending can 

affect the market for R&D input. Based on data from the National Science Foundation, he 

estimates that around two-thirds of total R&D spending goes to scientists and engineers’ 

wages. He therefore hypothesise that increases in public R&D may translate into higher wages 

rather than R&D activity due to an inelastic supply of R&D workers. Using a sample of 17,700 

individuals’ wages from the Current Population Survey, he finds that for a 10% increase in 

federal R&D, wages of scientists increase by 2.2%. At the same time, he finds that the average 

hours worked only increases by 0.9%. Goolsbee’s main finding is thus that federal R&D 

increases scientists and engineers’ wages without a corresponding increase in effort. 

Goolsbee directly estimates a short-run supply curve by regressing the log of hours on the log 

of wages, while instrumenting for wages with R&D spending. He obtains statistically significant 

elasticities between 0.1 and 0.2, which imply highly inelastic supply curve. 

Wallsten (2000) finds that public grants aimed towards small US companies has a positive but 

insignificant effect on employment. Wallsten uses data from the US Small Business Innovation 

Research Program (SBIR), and has detailed data on those companies who won the award; 

firms that applied but were rejected; and firms that were eligible to apply but did not apply in 

the period between 1990-1992. He employs a three-equation system that mirrors the model 

of the award-granting process and their response to it to control for the potential endogeneity 

of the public funding decision.  

Suetens (2002) find similar weak results of R&D subsidies on employment. She uses a panel of 

Flemish firms in the period 1992-1999 to estimate two equations. First, an output equation 

expressed as a Cobb-Douglas product function, where the private knowledge stock is proxied 
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by R&D employees. Second, an R&D equation in which R&D personnel enters as the 

dependent variable, and where the main independent variable is government support for 

R&D. Both the output and R&D equation show insignificant effects of R&D subsidies on 

employment.  

In contrast to Goolsbee’s, Wallsten’s and Suetens’ findings, Ali-Yrkko (2005) concludes that 

public R&D support has a significantly positive relationship with R&D employment. In the 

study, he uses firm-level data on 187 Finnish companies between 1997 and 2002. To control 

for potential endogeneity of public subsidy, Ali-Yrkko employs an IV approach. The instrument 

used is similar to that of Wallsten (2000), which is the value of the funds that are potentially 

awarded to the firm i in year t. Ali-Yrkko, additionally separates the effects on global and 

domestic employment. In both cases, he finds a positive effect yielding to an elasticity of 90% 

on global employment and 92% on domestic employment. The strong effect on domestic 

employment is especially relevant for policy makers as they are primarily interested of the 

impacts on the domestic economy. Additionally, he finds that the effects of R&D subsidies on 

employment differ depending on the business cycle. As the period of investigations covers 

both a boom (1997-2000) and a recession (2000-2002) period, he finds that R&D subsidies 

were less effective in increasing R&D employment during booms and more effective in the 

during the recession. 

Aerts (2008) similarly shows that public R&D funding has a positive impact on R&D 

employment in the Flanders. However, at the same time he also finds a positive impact on the 

average R&D wage, similarly to Goolsbee (1998). He reports an R&D funding elasticity of 

employment of 11% and R&D funding elasticity of average R&D wage to 3.6%. In contrast to 

Goolsbee, Aerts thus concludes that public R&D funding has a positive net effect and that 

despite the average wage increases, the employment increases that reflects R&D activity 

cannot be taken for granted. He further argues that the increase in average R&D wages can 

be explained by an upskilling process which is taking place. Companies may higher researchers 

with better qualifications. However, he does not test this hypothesis as he only has average 

R&D wages available.  
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Ucdogruk and Taymaz (2004; 2013) also find a positive impact on R&D employment, but in 

contrast to Goolsbee (1998) and Aerts (2008), they do not find any significant impact on 

wages, hence implying a strong overall positive crowding-in effect. They use a dynamic model 

to estimate the short and long run influences using data of Turkish manufacturing companies 

between 1991 and 2001, and find that the R&D support elasticity of employment is 35% in the 

short run and 90% in the long run. The wage elasticity is -20% in the short run and 50% in the 

long run, although both insignificant.  

3.2.2. Macro-level studies 

Marey and Borghans (2000) use a time-series macro dataset to assess the effects of R&D 

expenditure on wages of R&D workers and R&D employment in the Netherlands between 

1973 and 1993. Based on these two relationships they estimate the wage elasticity of the 

supply of R&D workers using an instrumental variable approach. Hampered by the non-

availability of microdata, they resort to the annual R&D Survey of Statistics Netherlands who 

collect data on total R&D expenditure and R&D employment measured in full -time equivalents 

for various sectors of the Dutch economy. In addition, the survey database contain gross 

annual wage expenditures. Using the Engle & Granger co-integration technique, they estimate 

an average R&D expenditure elasticity of wages to 0.52 in the short run, implying that a 10% 

increase in total R&D expenditure causes a 5.2% increase in wages. The employment equation 

yields an elasticity of 0.47, meaning that a 10% increase in total R&D expenditure causes 

employment to increase with 4.7%. A direct estimation of the short-term supply equation 

yields an elasticity of 0.96, suggesting that the Dutch labour market for researchers is elastic.  

Reinthaler and Wolff (2008), in a macro study, explore the effectiveness of public R&D 

subsidies on business enterprises R&D using a panel of 15 OECD countries in the period 1981-

2002. In their fixed effect panel regression, they explicitly distinguish between the effects of a 

subsidy on R&D employment and R&D expenditure. Their hypothesis is, that if subsidies 

increases R&D expenditure more than R&D employment, it can be interpreted as an increase 

in scientists’ wages. Alternatively, if the increase in employment is matched by the increase in 

R&D expenditures, then scientists’ wages do not benefit from the public R&D subsidies . They 

find that public R&D subsidies do increase employment and additional private research is 

generated. However, they find that the effect on private R&D spending is higher than private 
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employment, and hence conclude that public R&D subsidies are translated into researchers’ 

wages.  

3.2.3. Concluding remarks on indirect crowding -out effects 

As mentioned previously, the indirect effects has not been given the same attention as the 

direct crowding-out effects. The empirical literature is therefore rather scarce. However, as 

Table 1 indicates, four authors find evidence for crowding-out, that is, an increase in wages 

without additionality in employment. Goolsbee (1998) finds the strongest negative effect of 

public R&D. Wallsten (2000) and Seutens (2002) do not investigate the effects on wages, but 

find that public R&D does not increase employment. The remaining four studies, which are all 

recent, find both increases in wages and employment, and hence report a positive net effect. 

An overview of the main findings of the articles concerning the indirect effects of public R&D 

on wages and employment are presented in Table 1. 
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Table 1 – Impact of public R&D on wages and employment 

Author (s) Country Time 
period 

Unit of observation Sample Methodology Type of 
funding 

Dependent variable Impact on 
R&D 

Wages 

Impact on R&D 
Employment 

Goolsbee 
(1998) 

USA 1968-
1994 

Scientists & Engineers 
– Micro level 

17,700 OLS Federal R&D 
expenditure 

Wages 

Income 
Hours  worked 

+ 0 

Wallsten 
(2000) 

USA 1990-
1993 

Small high-tech firms  481 IV-3SLS SBIR R&D employment N/A 0 

Marey and 
Borghans 

(2000) 

Hol land 1973-
1993 

Sectors  – Macro level  Cointegration and IV Tota l  R&D 
expenditure 

Wages 
R&D employment 

+ + 

Suetens 
(2002) 

Flanders 1992-
1999 

Innovative large firms  262  Cobb-Douglas w/R&D 
equation 

Regional, 
National, EU 

gov’t 

R&D employment N/A 0 

Ucdogruk & 
Taymaz 
(2004; 2013) 

Turkey 1993-
2000 

Manufacturing R&D 
fi rms  

314  Labour demand 
function 

TTGV R&D employment + + 

Reinthaler & 
Wolff (2004) 

OECD 1981-
2002 

Countries – Macro 
level 

360 FE OLS  Publ ic R&D 
expenditures 

Wages 
R&D employment 

++ + 

Al i -Yrkko 
(2005) 

Finland 1997-
2002 

Firms  187 
(panel) 

Employment equation 
IV 

Tekes R&D employment + + 

Aerts  (2008) Flanders 1998-
2006 

Fi rms  470 IV Gov’t 
subsidy 

R&D expenditure 
R&D employment 

+ + 
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4. Theoretical foundation 

In this section, I present the theoretical foundation on which this study is based on, by briefly 

illustrating the supply and demand mechanism of employment and wage determination, and 

how it is related to public R&D. 

4.1.  Basic model  

Let 𝐸 stand for public R&D expenditures and let 𝐿 represent the number of scientists and 

engineers working within R&D (R&D employment). Let 𝑤 represent the average wage for 

these researchers. In addition, if it is assumed that human capital is the only input in R&D and 

we hold private R&D expenditure fixed, then we get:  

𝐸 = 𝐿 ∗ 𝑤  ( 4.1) 

An increase in public R&D spending, 𝐸, will not necessarily translate into an increase of R&D 

employment, 𝐿, which is the primary goal of public R&D policy. Instead, it may pass through 

as increases in wages, 𝑤.   

The extent to which public R&D passes through as increases in wages depends on the wage 

elasticity of the supply of researchers. Assuming a perfect inelastic supply curve, any increase 

in public R&D will translate into wage increases without additional employment. While with 

a perfect elastic supply curve, all public R&D will translate into additional employment. 

4.2.  Short run partial equilibrium 

By continuing with the simplifying assumption that human capital is the only input in 

production of R&D, we can illustrate how 𝑤 is determined using a simple demand and supply 

framework presented in Figure 6.  
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Figure 6 – Short run partial equilibrium 

 

The horizontal axis show the supply of scientists and engineers working in the private and 

public sector (R&D employment). The vertical axis show their average hourly wage (Wage).  

The solid downward-sloping demand curve illustrates the number of researchers that 

employers, both public and private, are willing to hire at different average wages.  

The labour supply of researchers is represented by a perfect inelastic supply curve. The 

inelastic supply curve is based on the matching friction assumption, that is, it is time 

consuming and expensive to acquire the necessary skills in order to be employed in the R&D 

industry1. Therefore, in the short run, higher wages do not alter the supply of researchers 

(Romer, 2001). 

The downward-sloping dashed line, DE, represents the outward shift in demand induced by 

an exogenous increase in public R&D expenditures. As shown in the simple demand-supply 

framework in Figure 1, an increase in public R&D, given a perfect inelastic supply curve, 

increases wages from 𝑤0   to 𝑤1* without additional employment, that is, labour supply 

remains at L*. This intersection is thus the short run partial equilibrium of the exogenous 

increase in public R&D expenditures. 

                                                                 
1 I takes between 5-7 years to become a qualified researcher. 
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4.3.  Long run partial equilibrium 

The objective of this paper is, to shed light on the short-run impact of public R&D on the 

labour market of researchers. While I confine the analysis to a short-run analysis, it is 

important to stress that exogenous increases in public R&D has a long run impact as well. 

High school students may observe the lucrative wages received by scientists and engineers, 

and as a result decide to pursue a career in R&D by enrolling into a science or engineering 

major followed by a doctorate (Freeman, 1976). In the long run, the labour supply will shift 

outwards, in response to the increased number of doctorates, and a new long run partial 

equilibrium will be formed. The outward shift of the supply curve is illustrated in Figure 7. 

Figure 7 – Long run partial equilibrium 

 

From Figure 7, we can see that the outward push of the supply curve brings the wage down 

and employment up, and the long run partial equilibrium is formed at 𝑤2 * and L2*. 

4.4. Hypotheses on the effects of public R&D on wages and employment 

While previous empirical evidence suggest at least some short run inelasticity of the supply 

curve of researchers (Goolsbee, 1998; Marey and Borghans, 2000), I expect the Danish 

supply curve of researchers to be more elastic in the short run. As presented in section 2 

Institutional background, the number of Ph.D. graduates within the engineering and science 
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field has been growing from 2007-2015. It is therefore likely that the increase in 

employment is simultaneous to the raise in public R&D expenditures. 

On the basis of the theoretical intuitions sketched in the previous section and on the 

observation that in the sample period there has been a large increase Ph.Ds. with science 

and engineering background, I formulate the following hypothesis: 

Hypothesis: Public R&D expenditures have a weak effect on researchers’ wages relative to 

R&D employment in the short run. 

This hypotheses will be tested empirically through the estimation of the regressions, which 

are presented in the methodology section. 
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5. Data  

This first section describes the data and variables, including their definitions and sample 

construction. The last section presents the descriptive statistics of the main variables used in 

the empirical analysis.  

5.1. Data and variable description 

The main variables in the estimation are average wages by occupation, R&D employment 

expressed in headcounts, and public R&D expenditures by sub-fields of science (PUBRD2). 

Data on average wages (hereafter wages̅̅ ̅̅ ̅̅ ̅̅ ) and headcounts are obtained from Statistics 

Denmark’s annual Structure of Earnings Survey while PUBRD are obtained from Statistics 

Denmark’s annual Statistics on Research and Development, which are available in the online 

database, Statistikbanken. Data on Wages̅̅ ̅̅ ̅̅ ̅̅  ̅ and headcount are available from 1997 to 2015, 

while PUBRD is available in the period 2007-2015. PUBRD based on major field of research is 

available from 1997, but since I want to tease out the specific impact of PUBRD on each 

occupation by using PUBRD based on sub-fields of research, I limit the sample to the period 

2007-2015, which yields 9 time-periods.  

These variables will be described in detail in the next subsections. 

5.1.1. Data source and unit of measure 

Wages and R&D employment 

Statistics Denmark conducts detailed annual earnings surveys for the private and public sector 

covering all employees in the entire labour market with permanent employment, and 

segments by education, occupation and industry of employment3. However, access to this 

micro-level data is exclusively reserved to authorised research institutions and researchers 

(Structure of Earnings 2015, p. 16). I therefore turn to the aggregate survey statistics 

published by Statistics Denmark for public use via Statistikbanken. 

Statistikbanken reports wages̅̅ ̅̅ ̅̅ ̅̅  and the headcount of full-time employees by occupation in 

three different time series, LON02X, LONS20 and LONS21, covering the period 1997-2009, 

                                                                 
2 PUBRD = (HERD + GOVERD) 
3 Primary data collection is done by the Danish Employers’ Confederation through their affi l iates, who hence 
passes it on to Statistics Denmark, using a standardised reporting system. Within the public sector, data is 
retrieved from the public wage transfer systems directly by Statistics Denmark. 
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2010-2013 and 2014-2015, respectively. The occupations are classified according to the 

DISCO-084 system, which allows consistent measurement and comparability across 

occupation-segments. Wage̅̅ ̅̅̅ ̅̅  figures by occupation are weighted according to type of 

employment and the hours worked. This ensures that the wage̅̅ ̅̅ ̅̅ ̅ for each occupation is 

representative of the sample, as the employment activity differ across occupations (Structure 

of Earnings, 2015, p. 10). The variable wage̅̅ ̅̅ ̅̅ ̅ reported in Statistikbanken is based on the 

effective wage cost per hour including overtime and benefits, which is defined as earnings per 

hour worked in Statistikbanken (Statistics Denmark, Statistical presentation, 2016).  

I use the private wage̅̅ ̅̅ ̅̅ ̅ dataset instead of public wages̅̅ ̅̅ ̅̅ ̅̅  for three reasons. First, the objective 

of this research is to see how public R&D crowds out private companies, by indirectly raising 

the wages of the scientists employed by private companies. It is therefore more useful to see 

how private wages react to the variation in public R&D. Second, public wages̅̅ ̅̅ ̅̅ ̅̅  are more rigid 

compared to private wages as highlighted in the previous section on wage formation in 

Denmark. Hence, the effects of public R&D may take more time to show up in the data. Third, 

even though it would be interesting to test how both private and public wages react to public 

R&D expenditures, Statistikbanken have for unexplained reasons many missing values in their 

data series on public wages̅̅ ̅̅ ̅̅ ̅̅ , which makes a proper test problematic. For the R&D 

employment proxy, headcount, I include both private and public full time employees. 

Public R&D expenditures 

Statistics Denmark conducts annual surveys on R&D expenditures undertaken in the public 

sector. As there is a general political objective of increasing the share of GDP spent on R&D, 

there is a great interest in compiling detailed statistics on R&D effort. Therefore, a 

comprehensive questionnaire following the Frascati Manual guidelines (hereafter ‘Frascati’), 

is sent to 700 public institutions, allowing Statistics Denmark to publish a variety of variables 

that accounts for R&D activity. 

However, formulating a clear definition of what constitutes a unit of R&D is a rather 

challenging task as R&D is characterised by multiple spatial levels of organisation, governance 

and cross-domain research efforts (Lepori, Barre, and Filliatreau, 2008). From a statistical 

                                                                 
4 DISCO-08 is a Danish version of the ISCO code, with extensions that allows narrower classifications. However, 
in this context the DISCO-08 and ISCO-08 are identical as the occupation groups used for this study do not 
contain a narrower breakdown than the 4-digit. 
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perspective, it is desirable that R&D expenditures are reported in the smallest cluster 

possible. Policy makers have therefore begged for R&D indicators that capture specialisation 

profiles, defined as the “relative concentration of activity in a specific thematic area, be it 

scientific, technological or even industrial within a given ‘division of labour’ in knowledge 

production” (Campbell, Caruso, and Archambault, 2013, p. 4). However, such a narrow 

indicator has not yet been developed, but a couple of existing R&D expenditure indicators 

makes it possible to approach a specialisation setup as defined above. In the public sector, 

these are socio-economic objectives, major fields of research and sub-fields of research, where 

sub-fields of research is a detailed version of major field of research (Frascati). In this regard, 

sub-fields of research, is the statistical unit, which is most comparable to the specialisation 

profile defined above. In fact, the criterion of Frascati for collecting R&D data on sub-fields of 

research, is, to “most accurately describe its principle activity as reflected, for example, by the 

occupations of most of the unit’s professional staff” (Frascati, p. 71). The issue is nonetheless 

that no standardised guidelines exists for countries to follow, which gives a lot of leeway and 

potential error across periods (Ibid., p. 66). Whether Statistics Denmark have developed an 

internal standard which is consistent across years, is not known to the researcher.  

Statistikbanken publish both R&D expenses by field of science and sub-field of science 

(PUBRD), and government budget appropriations or outlays by socio-economic objectives 

(GRAORD), in the FOUOFF07 and FOUBUD1 series, respectively, covering the years 2007-

2015. As sub-field of science (PUBRD) is the closest measure of the specialisation profile, 

which attempts to capture the activity within a labour division, I continue with using PUBRD 

as the independent variable representing public R&D expenditure. Additionally, PUBRD has 

the advantage over GRAORD as it includes the true expenses rather than budget 

appropriation, which is a better measure R&D analysis (Frascati , 2012, p. 138).  

5.1.2.  Sample selection  

 𝑊𝑎𝑔𝑒̅̅ ̅̅ ̅̅ ̅̅  and Headcount 

I use the guidelines from Frascati and the DISCO-08 classification system to identify and group 

key R&D personnel by occupation. Table 2 displays the 18 panels with 150 observations of 

R&D occupations, which are included in the sample followed by an explanation of the choices. 
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Table 2 – 𝐖𝐚𝐠𝐞̅̅ ̅̅ ̅̅ ̅̅  and Headcount based on occupations  
D(ISCO) Natural sciences Obs D(ISCO) Technical sciences Obs D(ISCO) Health sciences Obs 

2111 Physicist 9 2141 Industrial engineer 6 2211 General 
practitioner 

9 

2113 Chemist 9 2142 Civil engineer 9 2212 Specialist 
practitioner 

6 

2114 Geologist 9 2151 Electrical engineer 9 2261 Dentist 9 

2120 Mathematician 9 2152 Electronics engineer 9 2262 Pharmacist 9 

2131 Biologist 9 2144 Mechanical engineer     

2250 Veterinarian 9 2145 Chemical engineer 9  Total panels: 18 

2132 Farming and 
Fishing scientist 

6 2143 Environmental engineer 6  Total 
observations: 

150 

 
Source: Statistikbanken, Structure of Earnings. Series: LON02X, LONS20, LONS21 

 

 

A number of considerations have been taken into account for choosing the sample for the 

Wage̅̅ ̅̅̅ ̅̅  and headcount variables. The first issue is related to the definition of R&D worker. 

According to Frascati, R&D personnel is split into three broad occupation types : (1) 

Researchers, (2) Technicians, and (3) Other supporting staff. Each type is essential for the 

success of R&D projects, yet with different responsibilities and tasks. Researchers are 

professionals engaged in the conception of new knowledge. Technicians are performing 

scientific tasks under the supervision of researchers, and usually have lower educational  

levels than researchers have5. Other supporting staff takes care of administrative tasks. This 

category includes clerks, secretaries and craftsmen, which universal functions not unique to 

R&D activity (Ibid., p. 93-94).  

As a result of this classification, I have decided to focus on this first category, namely 

researchers. 

Mixing technicians and supporting staff with researchers in the sample will hence mask the 

true behavioural response of researchers to changes in R&D expenditure, which is the primary 

goal of this study. 

The second issue regards the researchers’ area of specialisation and type of occupation. 

Frascati provides direct links between R&D personnel types and ISCO-08 classes. Researchers 

are classified in Major Group 2, “Professionals”. However, the major group of professionals 

include four sub-major groups, namely 21 Science and Engineering Professionals, 22 Life 

                                                                 
5 Scientist and engineer researchers require minimum 5 years of formal education, and often 7 years, whereas 
for technicians usually an associate degree of 2 years will  suffice  
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science and Health professionals, 23 Teaching professionals and 24 Other professionals6. As 

the focus of this research paper is on public R&D effects on wages for R&D conducted in the 

STEM field7, I limit the sample to sub-major groups 21 “Science and Engineering 

Professionals” and 22 “Health professionals”. The remaining occupations such as teaching, 

business administration, IT and legal professionals are thus not included in the sample.  

These two sub-major groups consists of 39 unit-groups, which is the most narrow 4-digit 

(D)ISCO level categorisation available in Statistikbanken. As I am dealing with aggregate data 

for which I have wage̅̅ ̅̅ ̅̅ ̅ observations per occupation, my results and analysis will be highly 

sensitive to which unit-groups I include. In order to capture the variation for those 

occupations intensive in R&D activities, I turn to previous studies and the particularities of the 

Danish R&D environment for inspiration. 

A characteristic of Danish R&D, both public and private, is that it is concentrated around the 

life sciences. In 2014, 36% of all R&D expenses were ascribed to health sciences (Statistics 

Denmark, 2016, p. 43). Due to the strong focus on life sciences, I therefore include 

occupations, which are typically engaged in life science activities counting both scientists, 

engineers and health scientists. For example, biologists, chemists, chemical engineers, 

pharmacists and mechanical engineers (see Table 2). Occupations such as meteorologists and 

mining engineers are thus omitted from the sample. There are similarities between my 

classification and the ones proposed by previous studies. For instance, Goolsbee (1998), and 

Wolff and Reinthaler (2008) use similar engineer and scientist occupations. Perhaps an 

untraditional selection in this study is the inclusion of medical doctors , pharmacist and 

dentists. However, these additions are based by the fact that in recent time, health 

practitioners, have become a highly demanded labour force in the R&D activities of private 

companies (Nass, Levit, and Gostin, 2009).  

The last consideration is related to the pooling of three sets of wage̅̅ ̅̅ ̅̅ ̅ and heacount data series, 

namely LON02X, LONS20 and LONS21, which jointly cover the sample period from 2007 to 

2015. Such pooling can have a critical impact on the analysis if the underlying survey 

methodology differ across the series. In this specific case, three different time series have 

                                                                 
6 Business, legal and social science professionals 
7 Science, Technology, Engineering and Mathematics  
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been made due to revisions in D(ISCO) classifications over the years. For example, in the 

LON02X (1997-2009) series, Mathematicians and Statisticians are categorised separately, 

whereas in the succeeding series, those occupations are aggregated. However, a crosswalk 

table was made available by Statistikbanken which allows me to use all three series.  

Public R&D expenditures 

Selecting the sample for the public R&D expenditures of sub-fields of science is a more 

straightforward approach now that the estimation sample has been defined. The D(ISCO) 

occupation classification of sub-major group and the Frascati R&D classification of major-field 

of science carries a direct interpretation. Professionals of science, engineering and health are 

linked to R&D expenditures on natural, technical and health sciences. Table 3 shows all the 

R&D expenses that are included in the sample: 

Table 3 – Public R&D expenditures based on sub-field of sciences 

Natural sciences Technical sciences Health sciences 

Physics Mathematics Materials Construction Odontology Basic medicine 

Chemistry Geology Mechanical 
engineering 
 

Energy and environmental 
technology 

Clinical medicine Pharmacy and 
pharmacology 

Biochemistry Biology Medical 
technology 
 

Electronics and Electro-
technics 

Health services  

Social medicine 

Agriculture Forestry and 
Horticulture 

 

Chemical 
Technology 
 

 

Industrial biotechnology 
Other health 
services 

Medical 
biotechnology 

Fishing Veterinary sciences Nanotechnology    

 

Source: Statistikbanken, FOUFF07 

 

Each of these units captures the public R&D effort on a specific subject. Because some R&D 

professionals can in principle be employed to carry out research across several of these sub-

fields, I cluster these 28 sub-fields into 16 groups, which can better be paired to each type of 

occupation. For instance, chemists can be employed to work with chemistry and 

biochemistry, and a mechanical engineer can be employed to conduct R&D not just within 

mechanical engineering but also medical technology.  Table 4 shows the 16 clusters which are 

used for the public R&D variable. To see how the sub-fields were pooled into public R&D 

clusters, and how the public R&D clusters are matched with the occupations , I refer to 

Appendix 1. 
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Table 4 – Public R&D clusters 

Natural sciences Technical sciences Health sciences 

Physics Chemistry Industry  Construction Health services Odontology  

Veterinary Geology Energy Medical mechanics  Pharmacy Basic medicine 

Agriculture Medicine and biology Chemical tech Electronics   

 

Source: Based on FOUFF07, but own clustering. See Appendix 1 for cluster construction. 
 

5.1.3.  Limitations to the data 

The wage̅̅ ̅̅ ̅̅ ̅ and headcount variables have an important limitation in that they do not 

distinguish between those workers who are actually engaged in R&D activity and those who 

are engaged in its application. For example, according to the ISCO-08, the tasks of physicists 

are primarily conducting research and developing concepts, but are not limited to R&D. It can 

also include an application of the principles in an industrial setting. For example, a physicist 

can be allocated the task of ensuring a safe and effective delivery of radiation to achieve a 

therapeutic result (ISCO-08, 2012, p. 111). On the contrary, the main tasks conducted by 

medical doctors are the application of existing scientific knowledge like diagnosing and 

treating illnesses. However, numerous medical doctors are involved in R&D activities related 

to human health and medical research (Ibid., p. 125 and p. 238). This lack of detailed 

information on the actual tasks performed by STEM workers prevents me from isolating the 

variation in wages of workers that are directly engaged in R&D activities. A similar problem 

was encountered by Goolsbee who could only account for the impact of all scientists and 

engineers and not those who are actually engaged in R&D work (1998, p. 299).  

Another limitation of this empirical study is the use of aggregate average wages by occupation 

rather than individual wages as observational units. The challenge pertains to the information 

loss, which occurs when aggregating data. Bils (1985), and Blundel, Reed and Stoker (2003) 

raise a concern regarding the changing participation rates of labourers that changes across  

time-periods and across groups, which are likely to give a false picture of the changes in the 

structure of real wages, which the individual labourer is facing. The bias is referred to as a 

compositional bias. Therefore, if hiring and layoffs are not randomly distributed across all 

types of workers, composition bias can mask the true relationship between wages and public 

R&D spending. For example, the aggregate average wage rate for a particular occupation will 
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decrease if relatively low-wage researchers get employment. Alternatively, if low-wage 

researchers leave the labour market, the aggregate average wage rate will increase, as high-

wage researchers now constitute a large part of the occupation-specific labour market. 

Additionally, the aggregate average wage may be an insufficient statistic to describe the 

whole wage distribution, as the first moment does not capture the extreme skill level within 

the same group of workers. However, given the narrowly defined occupation categories 

considered in the study, the skill level should be relatively homogenous within each 

occupational category. 

5.2. Descriptive statistics  

In this section, I will present the descriptive statistics of the main variables used in the 

empirical analysis. 

Following the suggestion by Marey and Borghans (2000), and Taymaz and Ucdogruk (2013), I 

deflate wages̅̅ ̅̅ ̅̅ ̅̅  by the CPI index8 and public R&D by the PPI index9, to capture the real wage 

rate and the real annual public R&D expenditure. The variables are deflated to fixed 2007 

prices. Wage̅̅ ̅̅̅ ̅̅  is the average wage per hour worked for each occupation. PUBRD is the public 

R&D expenditures expressed in DKK millions and consist of the previously defined clusters. 

Headcount is expressed in absolute numbers and include employees from the public and 

private sectors. 

Table 5 – Descriptive statistics of dependent and independent variables  

 Mean Std. Dev. Min Max Obs 

𝐖𝐚𝐠𝐞̅̅ ̅̅ ̅̅ ̅̅  371.39 41.91 282.22 491.99 150 

Headcount 3209.82 4017.49 212 21870 150 

PUBRD 634.45 680.25 119 3924 150 

 

Note:  The descriptive statistics are at occupation level for wage and employment, and at R&D cluster level for public R&D. W age is 

measured as the average wage per hour by occupation and is measured in fixed 2007 prices (CPI-adjusted). Headcount contains both 

the private and public sector by occupation, and is measured in absolute numbers. PUBRD is measured in DKK million in fixed 2007 

prices (PPI-adjusted). All variables are expressed as time averages from 2007 to 2015.  Specialist practitioners, Forestry and Fishing 

scientists, Environmental engineers and Industrial engineers, for the wage-variable, are based on the period 2010-2015. 
 

                                                                 
8 CPI index retrieved from Statistikbanken, PRIS113 series.  
9 PPI index retrieved from Statistikbanken, PRIS40 series. I use the aggregate BCDE price index, which covers all  
industries. The PPI index covers the total Danish production (both domestic and non-domestic market). 
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Table 5 shows that on average the wage̅̅ ̅̅ ̅̅ ̅ for all researchers in the sample, regardless of 

occupation and across the time period, is DKK 371.39.  

Table 6 shows the three occupations with highest and lowest wage̅̅ ̅̅ ̅̅ ̅s. The lowest wage̅̅ ̅̅ ̅̅ ̅ at DKK 

282.22 was received by Farming and Forestry scientists in 2012, while the highest wage̅̅ ̅̅ ̅̅  ̅at 

DKK 491.99 was received by Specialist medical doctors in 2014, both in fixed 2007 prices. 

Table 6 – Highest and lowest wage̅̅ ̅̅ ̅̅ ̅ by occupation 

 Mean Std. Dev. Min Max Obs 

Highest      

Specialist medical doctor 448.55 41.89 398.59 491.99 6 

General medical doctor 446.13 19.49 397.67 464.99 9 

Dentist 414.97 9.69 396.84 425.04 9 

Lowest      

Biologist 335.99 11.39 322.94 363.04 9 

Veterinarian 313.57 13.1 294.87 337.03 9 

Forestry and Fishing scientist 288.91 4.48 282.22 295.57 6 

 

Note: All occupation-entities are expressed as time averages Specialist medical doctor and Forestry and Fishing scientist are based 

on the period 2010-2015, while the remaining are based on the period 2007-2015. 
 

The average headcount across the 18 occupations and across the time period in the sample 

is 3,209, and the standard deviation is 4,017. 

Table 7 shows the three occupations with the highest and lowest employment intensity. The 

statistics shows that Physicists was the least intensive occupation with only 212 employees in 

2009, counting both the public and private sector. In contrast, the occupation with largest 

headcount were General medical doctors with 21,870 employees in 2009.  

Table 7 – Highest and lowest headcount by occupation 

 Mean Std. Dev Min Max Obs 

Highest      

General medical doctor 16,695 3,094 13,790 21,870 9 

Civi l  engineer 7,976 939 7,009 9,775 9 

Mechanical engineer 4,831 519 4,024 5,487 9 

Lowest      

Veterinarian 620 233 261 827 9 

Geologist 447 87 334 549 9 

Phys icist 341 341 212 464 9 
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Note:  All occupation-entities are expressed as time averages. Specialist medical doctor and Forestry and Fishing scientist are based 

on the period 2010-2015, while the remaining are based on the period 2007-2015. 
 

The average public R&D in the sample is DKK 634.55 million with a standard deviation of DKK 

680.25 million.  

Table 8 shows the three R&D clusters with the highest and lowest prioritisation. The R&D 

cluster least prioritised by the government was on agriculture and odontology where DKK 119 

millions were expensed in 2015 and 2011, respectively. The highest prioritised cluster by the 

government was medicine and biology where DKK 3,924 million were invested in 2014.  

Table 8 – Highest and lowest public R&D by R&D cluster 

 Mean Std. Dev. Min Max Obs. 

Highest      

Medicine and biology 3070 636 2117 3924 9 

Health services 863 175 550 1063 9 

Phys ics 787 117 567 956 9 

Lowest      

Construction 215 45 152 264 9 

Agricul ture 154 30 119 195 6 

Odontology 142 19 119 180 9 

 
Note: All clusters are expressed as time averages.  

 

See Appendix 1 for the complete list of descriptive statistics of the three variables. 
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6. Methodology 

The investigation of the effects of public R&D expenditures (PUBRD) on aggregate average 

hourly wages (wages̅̅ ̅̅ ̅̅ ̅̅ ) and R&D employment is limited by the lack of comprehensive micro 

data and the related econometric issues that arise by using aggregate data. I will therefore 

proceed with an empirical model which allows me to partly attenuate some of these 

challenges, as described in the following section. While I emphasize the limitations of my 

approach, I will also report some advantages of the chosen model in terms of its identification 

strategy. 

6.1.  Estimation strategy 

The identification of the supply and demand model presented in Section 4, Figure 6, is limited 

due to the fact that I do not observe the demand and supply curves directly. The observed 

aggregate average wages and total employment are instead equilibrium outcomes, that is 

w2* and L* from Figure 6. These equilibrium outcomes are formed through the simultaneous 

adjustment process as depicted in Figure 6.  

For microdata, this identification issues is less significant as it allows to take advantage of the 

individual heterogeneity into account which determines the location of the individual labour 

supply curve (Marey and Borghans, 2000, p. 4). 

I therefore resort to a reduced-form approach to estimate the effects of public R&D 

expenditures on wages and employment. Equation 1 presents the wage equation, while 

equation 2 presents the employment equation.  

�̅� =  𝛼�̅� + 𝛽�̅�𝑥 + 𝜇�̅�   (1) 

𝑛 =  𝛼𝑛 + 𝛽𝑛𝑥 + 𝜇𝑛  (2), 

where 𝜔 denotes the aggregate average hourly wage for particular occupation. 𝑛 denotes  

employment for a particular R&D occupation. 𝛼 is the constant. 𝛽 is the coefficient of public 

R&D expenditures, which is denoted by 𝑥, and 𝜇 is the error term. In the model it is assumed 

that public R&D expenditures are exogenously determined. 

These two equations will jointly confirm or reject my initial hypothesis, which is positing that 

the wage effect, equation 1, will be relatively weaker to the employment effect, equation 2. 
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From these two equations, it is possible to directly estimate the short-run supply curve by 

regressing employment on wages while instrumenting for wages with public R&D. In equation 

3, the wage elasticity of the supply is presented. 

𝑛 =  𝛼𝑛 + 𝛽𝑛�̅� + 𝜇𝑛 (3) 

The hypothesis of weaker wage effects relative to employment can also be interpreted 

through equation 3. Assuming that all three equations are expressed in log form, then if the 

parameter estimate in equation 3, 𝛽𝑛< 1, we have an inelastic supply of researchers and if 

𝛽𝑛> 1, the wage elasticity of supply is elastic. 

Since equation 3 is a function of equation 1 and 2, I do not formulate estimation specifications 

nor do I present the results of the wage elasticity of supply. 

6.2.  Econometric model  

The estimation model that I employ is a two-way fixed effects model (FE) using 18 occupation 

panels over a period of 9 years. I use the LSDV estimator instead of the within-estimator as I 

have an unbalanced sample and few panels. A fixed effects model is preferred over a pooled 

OLS as there is reason to assume heterogeneity across occupations. Researchers from 

different backgrounds possess different skill-sets, work-preferences and responsibilities, 

which I do not observe but are correlated with wages10. By including occupation fixed effects, 

I am able to capture the unobserved occupation effects that are time invariant. In addition, I 

include time fixed effects to control for variables that are constant across occupation but 

evolve over time11. 

The FE model is preferred over the random effects model as it is likely that errors are 

correlated across occupations despite some unobserved heterogeneous attributes. A 

Hausman test rejects the null hypothesis of exogenous unobserved effects, which confirms  

that the FE model is preferred model. Furthermore, a Wooldridge test (2002) suggest that the  

panel data is serially correlated. I therefore relax the requirement that the observations 

within occupations are independent by using cluster-robust standard errors.  

                                                                 
10 For example, chemists may charge a premium because they are relatively more exposed to danger when 

working in a lab than for example mathematicians are. 
11 For example, nation-wide regulation and collective initiatives by researchers’ associations may have 
provided better terms for all  researchers throughout the years. These terms may be correlated with wages. 
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In the following sections, I present the core equations to be estimated. First, I present a short-

run wage equation followed by a short-run employment equation.  

These equations are elaborated in the sections below. 

6.2.1.  Wage equation: PUBRD effects on 𝐰𝐚𝐠𝐞𝐬̅̅ ̅̅ ̅̅ ̅̅ ̅ 

I estimate the short-run wage equation following the reduced-form approach by Marey and 

Borghans  (2000, p. 3), where it is assumed that real wages̅̅ ̅̅ ̅̅ ̅̅  are exogenously determined by 

public R&D expenditures.  

The baseline FE model are presented in equation (4.1). Both occupation-fixed and time-fixed 

effects are included in the FE model.  

𝜔𝐽𝑡 = 𝛽0 + 𝛽1 𝑃𝑈𝐵𝑅𝐷𝐽𝑡  + 𝛼1 𝐸1 + ⋯ + 𝛼𝐽 𝐸𝐽 + 𝛾1 𝑇1 + ⋯ +  𝛾𝑡  𝑇𝑡 +  𝜀𝐽𝑡    (6.1), 

where 𝜔𝐽𝑡  denotes wage̅̅ ̅̅ ̅̅ ,̅  J = occupation and t = time.  𝛽0 is the intercept which is not 

interpreted in a LSDV model. 𝛽1 is the coefficient for the variable of interest, public R&D 

expenditures, which is denoted by 𝑃𝑈𝐵𝑅𝐷𝐽𝑡.  𝐸,𝐽 is the occupation dummy J, where J = 1,2,…, 

J12. 𝛼𝐽 is the coefficient for the binary occupation regressor. 𝑇𝑡  is the time dummy t where t = 

2007, 2008,.., t13. 𝛾𝑡  is the coefficient for the binary time regressor. 𝜀𝐽𝑡  is the error term.  

In addition to the baseline model, I estimate two additional specifications, in which the 

variable of interest, public R&D, is lagged by one year and two years. Given that salary 

negotiations typically happen once or every second year, it might take a while before public 

R&D spending shows in the wages. I do not denote the specifications as they are similar to 

the baseline model, only with lagged public R&D variables. They are however presented in 

the main result tables. 

Equation (4.1) are formulated in natural logarithms, and thus  𝛽1 can be interpreted as the 

public R&D elasticity of wages̅̅ ̅̅ ̅̅ ̅̅ . A 1% increase in public R&D will result in a 𝛽1% increase in 

wages̅̅ ̅̅ ̅̅ ̅̅ . 

                                                                 
12 There are 18 occupations, but one occupation, Forestry and Fishing scientists, is omitted to avoid the 
dummy trap. 
13  2015 is omitted to avoid dummy trap. 
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6.2.2. Employment equation: Publ ic R&D effects on R&D employment 

After estimating the wage equation (4.1), I examine the direct effect of public R&D spending 

on R&D employment, which cast light on the effectiveness of public R&D seen from a public 

policy perspective. In other words, the relationship between public R&D expenditures and 

R&D employment captures the net effect of government intervention. I estimate two baseline 

employment models. One is estimating the total employment, which includes the private and 

public sector. The other is estimating private employment only. 

The total employment equation is modelled in equation (6.2A). 

𝑛_𝑡𝑜𝑡𝑎𝑙𝐽𝑡 = 𝛽0 + 𝛽1  𝑃𝑈𝐵𝑅𝐷𝐽𝑡  +  𝛼1  𝐸1 + ⋯ + 𝛼𝐽 𝐸𝐽 + 𝛾1𝑇1 + ⋯ + 𝛾𝑡 𝑇𝑡 +  𝜀𝐽𝑡    (6.2A) 

Here, 𝑛_𝑡𝑜𝑡𝑎𝑙𝐽𝑡  denotes total employment. The remaining denotations are similar to the 

wage equation (4.1), which includes the variables of interest, occupation dummies, time 

dummies and their coefficients, including the error term. 

The private employment equation is modelled in equation (6.2B) 

𝑛_𝑝𝑟𝑖𝑣𝑎𝑡𝑒𝐽𝑡 = 𝛽0 + 𝛽1 𝑃𝑈𝐵𝑅𝐷𝐽𝑡  +  𝛼1 𝐸1 + ⋯ + 𝛼𝐽 𝐸𝐽 + 𝛾1𝑇1 + ⋯ +  𝛾𝑡 𝑇𝑡 + 𝜀𝐽𝑡    (6.2B) 

Here 𝑛_𝑝𝑟𝑖𝑣𝑎𝑡𝑒𝐽𝑡  denotes private employment, while the remaining denotations are similar 

to the wage equation (4.1). 

Similarly to the wage equations, I estimate a one- and a two-year lag of public R&D, which are 

presented in the results chapter. 

The employment equations (6.2A) and (6.2B) are also expressed in a logarithmic form, and a 

1% increase in public R&D can be interpreted as 𝛽1% increase in R&D employment. 

Looking at these two relationships, and their elasticities obtained from equations (6.1)-

(6.2AB), I am able to get a clearer picture of the labour market for researchers and how 

government’s R&D expenditures affects it. 

The equations are estimated using STATA 13. 
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6.3. Identification issues and advantages  

6.3.1.  Omitted var iable bias 

A limitation to the estimation strategy is the potential presence of observed and unobserved 

lurking variables, which may hide the true relationship between public R&D and researchers’ 

wages and employment.  

In addition to the public sector, the demand from the private sector is also putting an upward 

pressure on researchers’ wages and employment. Controlling for private R&D spending is 

limited due to two reasons. First, there is no uniform standard that allows comparison 

between public and private at R&D at a disaggregate level. While disaggregate public R&D is 

measured by either socio-economic objectives or sub-fields (see data chapter), disaggregate 

private R&D expenses are recorded and collected according to the NACE industry 

classification (Frascati, 2002). Second, at the aggregate level, including private and public R&D 

as independent variables is problematic due to the high correlation between the two 

variables. The literature thus refrains from evaluating public and private R&D on wages and 

employment simultaneously (DEA, 2016).  

Another potential omitted variables bias is related to average productivity and capital 

intensity across occupations and across time, which may explain researchers’ wages. 

Unfortunately, such data is not available to me. However, controlling for occupation- and time 

fixed effects should at least attenuate some of the omitted variable bias. 

6.3.2.  Spurious relationships 

Another threat to the identification between public R&D and wages̅̅ ̅̅ ̅̅ ̅̅   and employment, is 

spurious relationships due to non-stationarity. While the panel data literature does suggest 

approaches on unit-root tests and panel cointegration test, they have been subject to much 

criticism. Depending on the entities included, the period studied and the type of unit-root test 

used, the tests have provided different results (Baltagi, 2008). The panel unit root and 

cointegration literature has evolved because of increasing time period observations that have 

become available to researchers. However, as I have a modest number of time periods and 

finite occupation-entities, that is 9 and 18 respectively; I do not address potential spurious 

relationships caused by non-stationarity in my estimation strategy. In fact, a panel unit-root 

test, which is the first step in addressing spurious regressions, also becomes problematic in a 
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practical sense due to the small N and T that I have. First, because a panel unit-root test has 

lower power in such case. Second, even if I disregard this fact, a Im-Pesaran-Shin test, which 

is the appropriate test for limited N and T, and for unbalanced data, requires at least 10 time 

periods to execute the test (Stata Manual). 

6.3.3.  Endogenous dependent var iables 

The wage equation (4.1) and employment equation (4.2AB) are estimated assuming a static 

panel nature. It is however likely that researchers’ wages  and employment are not only 

determined by the exogenous demand factor, public R&D spending, but is also determined 

by previous year’s wage and previous year’s stock of employees. Lagging the dependent 

variable and including it as a regressor in a FE model will cause strong endogeneity, which will 

produce inconsistent estimates. A dynamic model can be estimated with the Arellano-Bond 

GMM estimator. However, this study is hampered by the limited number of observations, 

which is required to reliably estimate a dynamic panel model using the Arellano-Bond 

estimator.  

6.3.4.  Better causal inferences 

An advantage of my identification strategy is that I am able to target public R&D spending to 

those occupations who possess the skills to carry out the R&D work. In other words, the  

disaggregate public R&D variable provides a more precise match with the dependent wage 

and employment variables. This in turn allows more valid causal inferences and provide a 

firmer ground to answer questions about the effect of public R&D on wages and employment.  
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7. Results 

As mentioned in the previous section, I use a reduced-form approach and a LSDV model to 

estimate the effects of public R&D spending on researchers’ wages and employment. In this 

chapter, I present the main results and robustness test. Hereafter, I compare the findings in 

light of previous empirical findings.  

7.1. Main results  

First, I report the main results of the wage equations  followed by a presentation of the 

employment equations. The main results are consistent with my hypothesis, suggesting that 

public R&D is rather weakly associated with researchers’ wages̅̅ ̅̅ ̅̅ ̅̅ , while employment exhibits 

a strong association with public R&D. 

7.1.1. Wage equations 

Table 9 shows the results of the three regressions that explore the relationship between 

researchers’ wages̅̅ ̅̅ ̅̅ ̅̅  and public R&D spending. Column 1 shows the relationship between 

contemporaneous public R&D spending and wages̅̅ ̅̅ ̅̅ ̅̅ , while column 2 and 3 show a one-year 

and two-year lag of public R&D spending impact on current wages̅̅ ̅̅ ̅̅ ̅̅ . In all specifications, the 

coefficients of interest are positive and statistically significant. The r-square, ranging between 

92.5% and 96.1%, are satisfactorily high.  

Table 9 – Wage equations  

Dependent variable: log𝐰𝐚𝐠𝐞̅̅ ̅̅ ̅̅ ̅̅  
(1) (2) (3) 

LSDV LSDV LSDV 

    

logPUBRD 
0.0832***   
(0.02410)   

1 year lag of logPUBRD  
 0.0779***  
 (0.02602)  

2 year lag of logPUBRD 
  0.0575** 

  (0.02329) 
    
Occupation and Time dummies yes yes yes 
    
Observations 149 131 113 
R-square 0.925 0.941 0.961 
Years 2007-2015 2007-2015 2007-2015 
 

Note: Significance levels: *** p<1%, ** p<5%, * p<10%.  
Standard errors are clustered at the occupation level and are robust to heteroscedasticity. Standard errors are reported in the 
brackets. Variables, log𝑤𝑎𝑔𝑒̅̅ ̅̅ ̅̅̅  and logPUBRD, have been deflated using CPI and PPI indices. All regressions are based on least square 
dummy variable models and include both occupation and time fixed effects. Regression (1) is based on current PUBRD spending. 
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Regression (2) includes a one-year lagged PUBRD spending independent variable. Regression (3) includes a two-year lagged PUBRD 
spending independent variable. Columns 2 and 3 have fewer observations due to the lagged variables.  
  

  

In the baseline LSDV regression, column 1 in Table 9, I find evidence of a positive relationship 

between current public R&D spending and researchers ’ wages̅̅ ̅̅ ̅̅ ̅̅ . The magnitude effect is 

however rather small. A 10% increase in current public R&D spending is associated with a 

0.83% increase in researchers’ wages̅̅ ̅̅ ̅̅ ̅̅  and is statistically significant at the one percent level. 

In comparison, Goolsbee (1998) finds an increase of 2.3% in scientists’ and engineers’ wages 

for a 10% increase in federal R&D. Whereas Marey and Borghans (2000) find aggregate 

average wages to increase by 5.2% as a response to a 10% increase in total R&D spending. 

When I allow wages̅̅ ̅̅ ̅̅ ̅̅  to adjust to public R&D spending by including lagged variables, the 

magnitude effect decreases. This finding is at odds with the expectation that it may take some 

time for the wages to adjust to changes in public R&D spending. Column 2 shows that a 10% 

increase in previous year’s public R&D spending is associated with a 0.78% increase in current 

researchers’ wages̅̅ ̅̅ ̅̅ ̅̅ , which is statistically significant at the five percent. The estimate 

magnitude drops even further when I include a two-year lag of PUBRD spending. Column 3 

shows that a 10% increase in public R&D spending from two-years ago is associated with a 

0.58% increase in current researchers ’ wages̅̅ ̅̅ ̅̅ ̅̅ . The relationship is statistically significant at the 

five percent level. At first glance, the lower magnitudes contradicts my expectation and 

previous literature. However, at a closer look, Table 9 shows that a one-year lag and two-year 

lag of public R&D expenditures yield higher r-squares, which suggest that regression 2 and 3 

fit the model better. In fact, when including a two-year lag, the PUBRD explains 96% of the 

variation in wages̅̅ ̅̅ ̅̅ ̅̅  compared to the concurrent relationship in which the coefficient of 

determination is 92.5%. The trend of decreasing coefficients of interest and increasing r-

square the longer the lag, is possible explained by the compositional bias. If higher public R&D 

expenditures two years ago induce private companies to hire more researchers today, they 

will primarily opt for recent graduates who are looking for jobs. In such case, researchers’ 

wages̅̅ ̅̅ ̅̅ ̅̅  will decrease as recent graduates are usually paid less. While this is a possible 

explanation, I cannot exclude that the attenuation is due to the reduction in sample sizes 

when one- and two-year lags are included in the specifications. 
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7.1.2. Employment equations 

Table 10 presents the six regressions that explore the relationship between employment and 

public R&D spending. The output in column 1 to 3 shows the relationship between private 

employment and current, one-year lag and two-year lag of public R&D spending. Column 3-6 

presents these relationships for the total employment. All specifications exhibit a strong 

positive magnitude. However, only output 3 is statistically significant. All specifications have 

satisfactory high r-square that range between 92.5% and 96.1%. 

Table 10 – Employment equations 

  Private employment  Total employment 

Dependent variable: 

logEmployment 
(1) (2) (3)  (4) (5) (6) 

  LSDV LSDV LSDV  LSDV LSDV LSDV 

         

logPUBRD 0.6391    0.4471   
 (0.37948)    (0.3805)   

        
1 year lag of 

logPUBRD 
 

0.6315 

(0.42473)  
 

 

0.4289 

(0.36386)  
        
        
2 year lag of 

logPUBRD 
  

0.80** 

(0.35527) 
 

  

0.4424 

(0.35046) 
        
        
Occupation and 

Time dummies 
yes yes yes  

yes yes yes 
        
Observations 149 131 113  149 131 113 

R-square 0.943 0.948 0.973  0.925 0.936 0.954 
Years 2007-2015 2007-2015 2007-2015  2007-2015 2007-2015 2007-2015 
 
Note: Significance levels: *** p<1%, ** p<5%, * p<10%.  
Standard errors are clustered at the occupation level and are robust to heteroscedasticity. Standard errors are reported in the brackets. 
LogPUBRD, has been deflated using the PPI index. All regressions are based on least square dummy variable models and include both 
occupation and time fixed effects. Regressions (1)-(3) are based on private employment, and regressions (4)-(6) are based on total 
employment. Regression (1) and (4) show the current relationships. Regressions (2) and (5) include a one-year lag of PUBRD. 
Regressions (3) and (6) include a two-year lag of PUBRD. 

 

In the baseline regression, column 1 in Table 10, I find evidence of a strong positive 

relationship between current public R&D spending and private employment. A 10% increase 

in current PUBRD spending is associated with a 6.4% increase in private employment in the 

short run. When I include a one-year lag, in column 2, the magnitude remains approximately 

the same. A 10% increase in previous year’s PUBRD spending is associated with a 6.3% 

increase in private employment. Both parameter estimates are however statistically 

insignificant. Once I allow private employment to adjust to public R&D spending by including 



Page 46 of 68 
 

a two-year lag, in column 3, the relationship turns significant at the 5% level. Furthermore, 

the magnitude effect increases considerably. A 10% increase in public R&D spending from 

two-years ago is associated with a strong increase in private employment of 8%. This finding 

is in line with the literature, suggesting that public R&D expenditures may take years to 

materialise for private employment.  

The elasticity of public R&D spending of total employment, column 4 to 6, is less responsive 

compared to private employment. For a 10% increase in current public R&D spending, total 

employment increases with 4.5%. In contrast to my expectations, the magnitude effects 

remains approximately the same when I include lags to account for the adjustment process. 

A possible explanation for the weaker effects of total employment compared to private 

employment, is, that I do not account for the mobility between the private and public sector. 

When I consider private employment separately, a public R&D stimulus may encourage the 

private sector to recruit from the public sector. The total employment accounts for this inter-

mobility as the only source of additional employment is through the existing stock of scientists 

and engineers. The elasticity of approximately 0.45 throughout regressions (4)-(6) thus 

suggests a medium effect. The medium short-run effects are in line with the findings of Marey 

and Borghans (2000) who find similar results. However, my findings differ significantly from 

those of Goolsbee (1998), who find an impact close to zero.  

7.1.3. Joint interpretation 

The wage equations and employment equations jointly confirm my initial hypothesis of a 

relative weaker wage effect compared to employment. Considering the basic model 4.1 

derived in section 4 Theoretical foundation, E = w * L, the results indicate that public R&D, E, 

is primarily caused by growth in L, employment, rather than w, wages̅̅ ̅̅ ̅̅ ̅̅ , which is consistent 

with an elastic supply curve.  

Before providing possible factors that may explain these findings, I conduct a number of 

robustness checks to ensure that my main results are not driven by the construction of this 

study. 

7.2. Robustness checks and additional results 

In this chapter, I conduct three additional robustness checks. First, I test for a selection bias 

by excluding health scientists in the sample. Second, I test for business cycle sensitivity as the 
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main sample is based on recession period. Third, I test for an aggregation bias in the public 

R&D variable. I addition to the robustness checks, I estimate the effects of public R&D on 

researchers’ wages at different skill levels, using the 25th-percentile, median and 75th-

percentile as proxies. 

7.2.1.  Selection bias 

As described in the data section in chapter 3, I took an alternative route in selecting the 

occupations. In addition to scientists and engineers, which are in line with previous literature, 

I included health professionals in the sample. To ensure that health professionals do not drive 

my main results, I conduct a robustness test by excluding general medical practitioners, 

specialist practitioners, pharmacists and dentists. 

Table 11 shows the wage and employment equations when I exclude health professionals 

from the sample. For the sake of brevity, only the contemporaneous relationships are 

reported. 

Table 11 – Robustness to selection: Excluding health scientists  
                                   Private employment     Total employment 
 (1) (2)  (3) 
Dependent variable: log𝐰𝐚𝐠𝐞̅̅ ̅̅ ̅̅ ̅̅  logEmployment  logEmployment 
  LSDV LSDV  LSDV 

Regressor:     

logPUBRD 
0.082*** 0.7525*  0.4323 

(0.01221) (0.38532)  (0.45032) 
     

Occupation and Time 
dummies 

yes yes 
 

yes 

     

Observations 113 113  113 
R-square 0.93 0.95  0.91 
Years 2007-2015 2007-2015  2007-2015 

 
Note: Significance levels: *** p<1%, ** p<5%, * p<10%.  
The sample does not include medical practitioners, specialist practitioners, pharmacist and dentists. Standard errors are clustered at the 
occupation level and are robust to heteroscedasticity. Standard errors are reported in the brackets. Variables, logWage and logPUBRD, 
have been deflated using CPI and PPI indices. All regressions are based on least square dummy variable models and include both 
occupation and time fixed effects. In regression (1), the dependent variable is logWage , in regression (2), the dependent va riable is the 
log of private employment, while in regression (3) the dependent variable i s the log of total employment. In all three regressions, the 
independent variable of interest is logPUBRD. 

 

When excluding health scientists from the sample, the results for the wage equation and total 

employment do not quantitatively differ much from the main results. The wage equation in 

column 1 yields an elasticity of 0.082, which is almost similar to the main results that yields 
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an elasticity 0.083. The total employment equation in column 3 yields similar magnitude and 

insignificant results compared to the main results. The standard errors for private 

employment in column 2 decreases marginally and the parameter estimate becomes  

significant at the 10% level when I exclude health scientists. Moreover, the impact increases 

from 0.64 to 0.75, indicating that private employment is more responsive when I disregard 

health scientists. This observation may suggest some inelastic properties of health scientists 

relative to natural scientists and engineers. Since health scientists are in high demand by the 

public sector (hospitals and health care institutions), it is plausible that private companies 

face competition when recruiting health scientists compared to natural scientists and 

engineers.  

The results from this narrower sample leads me to the conclusion that the main results on 

wages̅̅ ̅̅ ̅̅ ̅̅  and total employment are not driven by the inclusion of health professionals. 

7.2.2.  Business cycles 

Borghans, Delmee and de Grip (1997) argue that R&D occupations are sensitive to business 

cycles. During bad times, private companies and public institutions down prioritise R&D 

projects and some researchers take on managerial positions or other non-technical 

occupations. Since the sample used in this study is in the period between 2007 and 2015, it is 

plausible that my main results are influenced by the economic recession caused by the 

financial crisis. I therefore estimate the elasticities for the bust period from 2007 to 2010 and 

what I categorise as the recovery period from 2011 to 2015, in separate regressions. 

Table 12 shows wage and employment equations for the recession and recovery cycles. Only 

the contemporaneous relationships are presented. 

Table 12 – Robustness to business cycles 

 Recession cycle 

 

Recovery cycle 

    

                          Total employment                                  Total employment 
 (1) (2)  (3) (4) 
Dependent variable: logWage logEmployment  logWage logEmployment 

  LSDV LSDV  LSDV LSDV 

Regressor:      

logPUBRD 
0.0286 -0.0789  0.085*** 0.6147** 

(0.04746) (0.69362)  (0.01922) (0.27605) 
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Occupation and Time 
dummies 

yes yes 
 

yes yes 

      

Observations 56 56  89 89 
R-square 0.91 0.95  0.96 0.98 

Years 2007-2010 2007-2010  2011-2015 2011-2015 

 
Note: Significance levels: *** p<1%, ** p<5%, * p<10%.  
Standard errors are clustered at the occupation level and are robust to heteroscedasticity. Standard errors are reported in the brackets. 
LogPUBRD has been deflated using the PPI index. All regressions are based on least square dummy variable models and include both 
occupation and time fixed effects. Regressions (1) and (2) are based on the years 2007-2010, which is referred to as the recession cycle. 
Regressions (3) and (4) are based on the years 2011-2015, which is the recovery cycle. The recovery cycle includes one additional year 
which explains the additional observations. 

 

Column 1 and 2 show that during a bad business cycle, the effects of public R&D spending has 

insignificant effects on wages and total employment, and the coefficients of interest are 

attenuated to zero. The recovery cycle on the other hand yield significant coefficients for both 

the wage equation and the employment equation in column 3 and 4, respectively. In column 

3, the public R&D elasticity of wage̅̅ ̅̅ ̅̅ ̅𝑠 increases slightly from 0.083 in the main results from 

Table 9 to 0.085 when I only consider the recovery cycle. However, the most compelling 

change is the employment equation in which the coefficient of interest becomes significant 

at the 5% level and the magnitude increases from 0.42 to 0.62. For a 10% increase in public 

R&D spending during the recovery cycle, total employment increases with 6.2%.  

The robustness test in Table 12 thus suggest that wages̅̅ ̅̅ ̅̅ ̅̅  and total employment are sensitive 

to business cycles. It is therefore plausible that my main results in Table 9 are in fact driven 

by the recession, and hence mask the true relationship of public R&D spending and the labour 

market under more stable circumstances.  

From Table 12 I additionally observe a stronger sensitivity of employment with respect to 

public R&D spending than wages during the business cycle. When comparing the magnitude 

effects of the recovery and recession cycle, we see that the most radical change is in the 

employment equations, column 2 and 4. The parameter estimates drops significantly and 

even turns negative in the recession cycle. While the magnitude of public R&D spending on 

wages̅̅ ̅̅ ̅̅ ̅̅  also drops, it still remains positive. This observation can be interpreted as wages being 

sticky in the short run. During a recession, it is more probable that companies and public 

institutions lower the effective costs by laying off researchers than to negotiate lower wages. 

Although, the positive wage equation is likely to be influenced by the compositional bias as 

touched upon in the methodology section. The average hourly wages may be biased upwards 
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if the least tenured and low-wage researchers are the first to move into non-research 

positions or unemployment during a recession. We could therefore expect to see a lower 

magnitude effect during a recession if the unit of observation was at the individual 

researcher’s wage rather than the aggregate average wage. The same analogy applies in the 

recovery phase. We could expect to see a higher magnitude effect during the recovery phase 

if the unit of observation was at the individual level. During the recovery phase, relative low-

wage researchers may move back into R&D employment, hence depressing the estimates  

(Kniesner and Goldsmith, 1987). In other words, the compositional changes, due to the 

cyclical movements, may bias the wages̅̅ ̅̅ ̅̅ ̅̅  upwards (downwards) during the recession 

(recovery). 

The findings above could, however, be driven by the decrease in statistical predictive power 

as a result of sample splitting, which reduces the number of observations. Especially the 

recession cycle from 2007-2010 is based on a sample of only 56 observations and fewer 

degrees of freedom due to the inclusion of dummy variables, implying that the business cycle 

test and the analysis above should be interpreted with caution.  

7.2.3.  Aggregating public R&D and extending the sample period 

As pointed out in the methodology chapter, one of the advantages of this study is the 

possibility of teasing out the specific impact of public R&D spending. Yet, most studies use 

aggregate R&D (Goolsbee, 1998; Marey and Borghans, 2000; Reinthaler and Wolff, 2004). 

Levy and Terlackyj (1983) argue that aggregating public R&D expenditures are expected to 

give larger estimates than the estimates at the lower level of aggregation when evaluating 

the impact on private R&D expenditures. They argue that aggregate public R&D capture cross 

effects, which are not captured by lower level of aggregation. It is reasonable to assume that 

this effect may prevail when regressing wages̅̅ ̅̅ ̅̅ ̅̅  on aggregate public R&D. I therefore test how 

my wage equation from my main results, which is based on disaggregate public R&D, change 

when I aggregate public R&D to major fields.  

As Statistikbanken publish aggregate public R&D from 1997 to 2006 in a separate data series, 

CFA62, which was gathered by Center for Forskningsanalyse, I also extend the sample period 

by merging the CFA62 series with my main FOUOFF07 series. A caveat is however related to 

this exercise. Park (2011) points out that the most important issue in the quality of panel data 

is the consistency in the unit of analysis and its measurement. If panel data is measured 
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inconsistently, the analysis may not be reliable. The collection methodology between CFA62 

and FOUOFF07 do differ, however, as a robustness test I continue with merging the two data 

series to exploit the longer period. 

Table 13 shows the effects of aggregate public R&D spending on wages̅̅ ̅̅ ̅̅ ̅̅  for the merged 

dataset in the period 1997-2015 and the consistent FOUOFF07 dataset in the period 2007-

2015. Employment is not available in the CFA62 series, and I therefore do not estimate the 

employment equation. 

Table 13 – Robustness to aggregation and longer sample  

    

Dependent variable: log𝐰𝐚𝐠𝐞̅̅ ̅̅ ̅̅ ̅̅    (1)   (2)  
  LSDV LSDV  

Regressor:   
logPUBRD_Aggregate 0.1145** 0.1379** 
 (0.04957) (0.05409) 
   
Occupation and Time dummies 
 

yes yes 
  

Observations 150 276 
R-square 0.92 0.87 
Years 2007-2015 1997-2015 

 
Note: Significance levels: *** p<1%, ** p<5%, * p<10%.  
Standard errors are clustered at the occupation level and are robust to heteroscedasticity. Standard errors are reported in the brackets. 
LogPUBRD_Aggregate has been aggregated to major field and deflated using the PPI index. Both regressions are based on least square 
dummy variable models and include both occupation and time fixed effects. Regressions (1 ) is based on the consistent sample from 2007-
2015. Regression (2) has been merged from two different datasets. It covers the period between 1997 -2015. 2008 was no reported in 
Statistikbanken, and the regression thus only include 18 time periods.  

  

Column 1 shows that when I aggregate public R&D spending to major fields and consider the 

main period of interest, 2007-2015, the impact of public R&D spending on wages̅̅ ̅̅ ̅̅ ̅̅  increases 

compared to the disaggregate wage equation. A 10% increase in aggregate public R&D 

spending is associated with a 1.2% increase in researchers’ wages̅̅ ̅̅ ̅̅ ̅̅ , which is significant at the 

five percent level. The disaggregate wage equation from Table 9 suggest a smaller effect of 

0.83%. This finding confirms Levy and Terlackyj’s (1983) propos ition on inflated effects of 

aggregation. It should however be noted that the increase is marginal.  

When I extend the sample to include the period 1997-2015, in column 2, the impact of public 

R&D spending increases further. A 10% increase in aggregate public R&D spending is 

associated with a 1.4% increase in researchers’ wages̅̅ ̅̅ ̅̅ ̅̅ . A possible explanation could be that 

the negative effects of the recession between 2007-2010 is mitigated when I extend the 
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sample. In addition, the period up to 2007 was characterised by a burst economy, which may 

have put an upward pressure on researchers’ wages. However, I cannot exclude that the 

stronger effect is caused by the inconsistent merged data set, which may be driving the 

results. I am therefore careful not to over interpret them. 

7.2.4.  Effects of publ ic R&D on wages for  different ski l l  levels  

Statistikbanken reports the aggregate wage at the 25th, 50th and 75th percentile for each of 

the 18 occupations from 2011-2015. As mentioned in the data section, one of the drawbacks 

of the average hourly wage variable is that it does not capture the extreme skill level within 

the same group of workers. As an additional test, I estimate how the wages for researchers 

at different skill levels respond to changes in public R&D. I use the 25th, 50th, and 75th 

percentiles as proxies for the relative low-skill, medium-skill and high-skill, respectively (Gu, 

Malik, Pozzoli and Rocha, 2016).  

Table 14 shows the effects of public R&D spending on wages at different skill levels in the 

period 2011-2015. In all specification the coefficients of interest are positive and statistically 

significant. 

Table 14 – Effect of public R&D on wages for different skill levels  

 (1) (2) (3) 

Dependent variable: logWage25 LogWage50 logWage75 

  LSDV LSDV LSDV 

Regressor    

logPUBRD 
0.1299** 0.0947** 0.0929*** 

(0.03755) (0.03048) (0.02468) 

    

Occupation and Time dummies yes yes yes 

    

Observations 89 89 89 

R-square 0.75 0.92 0.97 

Years 2011-2015 2011-2015 2011-2015 

 
Note: Significance levels: *** p<1%, ** p<5%, * p<10%.  
Standard errors are clustered at the occupation level and are robust to heteroscedasticity . Standard errors are reported in the 
brackets. LogWage25, logWage50 and logWage75 have been deflated using the CPI index. LogPUBRD has been deflated using the PPI 
index. All regressions are based on least square dummy variable models and include both occupation and time fixed effects. In 
regressions (1) estimates the effect of public R&D on relative low-skilled researchers’ wages. Regression (2) estimates the effect of 
public R&D on medium-skilled researchers’ wages, while regression (3) estimates the effect of public R&D on the wages of high-skilled 
researchers. All specifications are based on the years 2011-2015.  

 

Table 14 reveals that wages of low-skilled researchers are the most responsive to public 

R&D increases. Column 1 shows for a 10% increase in public R&D spending, wage of low-
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skilled researchers increases by 1.3%. For the medium-skilled researchers, column 2, a 

similar 10% increase is associated with 0.95% increase in wages. Column 3 shows that high-

skilled researchers wage responds with an increase of 0.93% for a 10% increase in public 

R&D spending, which is close to the effect on medium-skilled researchers. While these 

results indicate that low-skilled researchers are those who gain the largest windfall when 

the government increases its R&D expenditures, I cannot exclude that greater elasticity is in 

response to an upskilling process. It is possible that the employment structure of the 

relative low-skilled researchers have become more skilled. The results in Table 14 thus rests 

on the assumption that the distribution of skills remain constant over time and that the 

compositional bias as addressed earlier is not present.  

7.3. Summary of empirical results 

The main results and robustness tests display three interesting characteristics about the 

labour market of researchers with respect to public R&D spending.  

First, I find that public R&D spending has a rather weak effect on researchers ’ wages̅̅ ̅̅ ̅̅ ̅̅ , which 

is consistent with my initial hypothesis. While the positive associations of all the three wage 

regressions in Table 9 are displaying some upward pressure on researchers’ wages, my 

findings suggest curiously small effects compared to previous empirical literature. The 

robustness test confirms this finding, and when accounting for the recession period, the effect 

changes are modest. In addition, aggregating public R&D yields stronger effects, which is 

consistent with the literature. However, the increase is still not at level with previous 

empirical evidence using aggregate measures. Moreover, I find that public R&D spending has 

a stronger effect on relatively low-skilled researchers than on medium-skilled or high-skilled 

researchers. 

Second, I find that public R&D spending has a medium effect on total R&D employment, but 

the estimates are statistically insignificant. The associations are stronger for private 

employment, which is likely to be explained by the inter-sector mobility. However, when I 

consider the recovery cycle only, I observe stronger effects. Collectively, these findings 

suggests that public R&D spending does translates into increased R&D activity in the short 

run as it leads to more employment, which is consistent with my initial hypothesis.  



Page 54 of 68 
 

Third, I find that previous years’ public R&D spending is not having a stronger effect on current 

researchers wages̅̅ ̅̅ ̅̅ ̅̅  nor on total employment, as economic theory may predict. In fact, the 

opposite is observed with regards to the relationship between lagged public R&D spending 

and wages̅̅ ̅̅ ̅̅ ̅̅ , while the relationship between lagged public R&D and total employment remain 

constant. With regards to the behaviour of wages when lagged public R&D expenditures are 

included, could be explained by the compositional bias.  

Jointly, these findings indicate that public R&D spending in Denmark does not contribute to 

researchers wage increases, and that the researcher labour supply is rather responsive to 

increases in public R&D spending. In contrast to Goolsbee’s (1998) finding for the American 

case, the Danish labour supply for researchers is rather elastic. 

7.4.  Findings in light of previous empirical literature 

While the main results and robustness tests indicate a weak wage effect and strong 

employment effect with respect to public R&D spending in Denmark, it is useful to compare 

these findings in detail with previous studies. I limit the comparison to Goolsbee (1998) and 

Marey and Borghans (2000), as these two studies are those most similar to my research. 

7.4.1.  Weak wage effects 

As noted previously, I find rather weak effect of public R&D on wages̅̅ ̅̅ ̅̅ ̅̅  relatively to previous 

studies. The public R&D elasticity of wages̅̅ ̅̅ ̅̅ ̅̅  of 0.083 is considerably lower of those elasticies 

that Goolsbe (1998) and Marey and Borghans (2000) find, which are 0.219 and 0.52, 

respectively. The considerable lower impact of R&D elasticity on wages compared to other 

studies may be explained by the time period investigated and the methodological approach 

employed. 

Goolsbee investigates a period where the federal government invested heavily in the 

American defence programme. During the late 1960s and in the 1980s, around 70% of the 

federal budget went to the American Defense Department (1998, p.299). A plausible 

explanation is thus that the heavy spending has put an upward pressure on engineers’ wages. 

By examining Goolsbee’s disaggregate results by occupation, it shows that aeronautical, 

mechanical and metallurgical engineers as well as physical scientist have a high public R&D 

elasticity of wages relative to other occupations. The coefficients range between 0.375 and 

0.564.  These occupations are also those most likely to be occupied with defence research. In 
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contrast, civil, chemical and engineers show elasticities ranging between 0.021 and 0.077 

(Ibid., p. 300). Goolsbee’s high average effect in the U.S. labour market for scientists and 

engineers should therefore be regarded in light of the specific period under investigation, 

which has been characterised by large government spending on defence programmes.  

Marey and Borghans’s (2000) methodological approach may explain the high R&D elasticity 

of wages compared to my results. In their study, they use aggregate total R&D expenditure 

as the explanatory variable. It is expected that higher aggregation levels of R&D expenditure 

to produce larger parameter estimates on wages (Levy and Terleckyj, 1983, p. 555). In 

contrast to Marey and Borghans, I use the Frascati guidelines to precisely match public R&D 

spending to those occupations that are likely to carry out the research. The disaggregate 

structure which allows me to tease out the specific demand impact is likely to produce lower 

parameter estimates than those at the more aggregate level. The robustness test on the 

aggregate level indeed confirms this hypothesis. From Table 13, one can see that aggregating 

public R&D to major field, the magnitude of public R&D elasticity of wages̅̅ ̅̅ ̅̅ ̅̅  increases to 

0.1379. 

Although the magnitude effect increases when aggregating, the coefficient remains 

significantly lower than Marey and Borghans’ findings. While the methodological approaches 

and period of investigation partly explains the differences, my findings suggests that the 

public R&D effect on wages̅̅ ̅̅ ̅̅ ̅̅  is still rather low in Denmark.  

7.4.2.  Strong employment effects 

The robustness test confirmed that the main results of R&D employment are sensitive to the 

recession cycle. I therefore take a starting point in the employment regression from the 

recovery cycle in Table 12 column 3. A 10% increase in public R&D spending increases total 

employment with 6.2% in the short run during the recovery cycle. Goolsbee (1998) finds that 

an increase of 10% in aggregate federal R&D spending increases a researcher’s average 

working hours by 0.09%. Marey and Borghans (2000) finds that a 10% increase in total R&D 

spending increases R&D employment measured by full-time equivalents with 4.7%.  

The large estimate differences of the effects on employment across previous empirical 

findings and my study is partly explained by the underlying methodological approaches. 
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A key distinction between Goolsbee’s  (1998) approach in estimating R&D employment and 

this study, is the measure of labour supply. Goolsbee measures the intensive margin, that is, 

how much a given number of people work on average. His employment equation is based on 

the increase in average working hours as a function of increased federal R&D spending. In 

contrast, I allow for the additional employment of scientists and engineers by considering the 

extensive margin measured by headcount. This partly explains Goolsbee’s potential 

underestimation of the labour supply and the relative overestimation of the employment 

equation in this study.  

Marey and Borghans (2000) use full-time equivalents (FTE) as a measure of R&D employment, 

which is more comparable to the headcount measure employed in this study. It is, 

nevertheless, expected that FTE will underestimate the R&D effort relatively to headcount. 

FTE is a true measure of the volume of R&D, whereas headcount can include personnel who 

engage in R&D as a secondary function (Frascati, 2012, p. 99).  Hence, the different units of 

measure employed can thus partly explain Marey and Borghans’ lower R&D expenditure 

elasticity of employment compared to my findings. Despite the overestimation, the 

employment responsiveness to public R&D spending is deemed to be relatively strong. 

The different results that I find compared to previous empirical evidence is partly explained 

by the methodological approach and the time period under investigation. However, despite 

the methodological discrepancies, the findings suggest strong responsiveness of employment 

and weak responsiveness of wages in the short run. 
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8. Discussion 

In this section I briefly provide possible explanations for the results, followed by a discussion of the 

limitations of the study and suggestions for further study. 

8.1.  Explanation of results  and implications  

As hypothesised earlier, the low wage pressure and high elasticity of employment with 

regards to public R&D is likely to be explained by the Danish government’s various policies, 

which has materialised into a greater supply of scientists and engineers available to work in 

R&D. 

The decision in 2006 to double the intake of Ph.D. candidates , as part of the Globalisation 

Agreement, is one key factor for the elastic supply. In addition, the greater focus towards 

scientific Ph.D. programmes throughout the years has also contributed to this factor. In 2006, 

when the policy was implemented, 67% of all Ph.D. awards granted were within the natural, 

technical and health sciences. Four years later in 2010, this number jumped to 71%. The total 

intake increase and composition change has resulted in more natural, technical and health 

scientist being produced, and from 2006 to 2015 a total of 10,900 additional persons have 

been granted a Ph.D. just within the scientific field14. 

Another factor which has contributed to the elastic supply of researchers in Denmark, could 

be explained by the reliance upon foreign Ph.D. candidates and researchers, who are 

internationally mobile. The Globalisation Agreement was accompanied by policy to open up 

for more international talent. This has resulted in a relative increase of international Ph.D. 

candidates, which equated to one-third of all Ph.D. awards granted in 2012. Most of the 

international candidates originate from other EU countries and approximately two-third end 

up staying in Denmark (DEA, 2014). In light of this, it should be noted that the successful 

intake of foreign researchers extends broader than the Globalisation Agreement. The EU 

Commission has also launched a number of initiatives to further cultivate international labour 

mobility of researchers. For example, by launching the European Partnership for Researchers 

in 2008, with the aim of improving recruitment through visible research openings across 

                                                                 
14 Statistikbanken, PHD2 series  
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European institutions and providing grant mobility, allowing researchers’ to take grants with 

them to other locations and institutions (OECD, 2009).  

Based on this explanation, which is not further tested, implies that government R&D policy 

are not necessarily contributing to wage increases of researchers as previous findings may 

have shown. In times of increased public R&D spending, the way the labour market responds, 

depends on other factors as well. For example, international labour mobility of researchers 

and parallel education policies.  

This implication suggest that future research should evaluate public R&D expenditures and 

the labour market in conjunction with other broader policies and institutional factors.  

8.2.  Limitations and further research 

A number of limitations are linked to this empirical analysis , and the conclusions should 

therefore be interpreted with caution. Generally, the empirical analysis rely on a few number 

of observations. Especially the robustness tests are based on shorter samples. Moreover,  the 

quality of the data applied in this study imply certain limitations. The aggregate data used is 

restrictive in the sense that it presents a compositional bias which may alter my findings. In 

addition, the nature of aggregate data does not allow for a structural approach in estimating 

the effects of public R&D on wages and employment. Instead I rely on a reduced-form 

approach which carry little resemblance to how the individual labourer may react to shifts in 

policy changes and thus demand. It would therefore be interesting to see how public R&D in 

Denmark has affected wages and hours worked by using survey microdata.  

Another limitation is, that the study only casts light on the labour market effects, without any 

assessment of the effectiveness of public R&D. For example, the additional public R&D and 

employment does not tell us whether productivity and innovation has increased. We only 

conclude that the labour market of researchers are not an obstacle for governments to 

increase their public R&D expenditures. In other words, the additionality effect, which is 

covered in the first part of the literature review, is not assessed. Because the Danish 

government’s primary objective is to increase its international competitiveness and 

innovation, it would be interesting for future studies to investigate this aspect.  

In extension to the question of public R&D effectiveness, it would be interesting to examine 

the quality of the increase of new Ph.Ds. It could be argued that a sudden decision to double 
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the Ph.D. intake may have decreased the quality threshold of candidates, implying that the 

average quality level of researchers in Denmark has decreased over time (DEA, 2014). This is 

another aspect that would have an impact on the broader long term government goal of 

increasing competitiveness, which would be interesting to research.  

As briefly mentioned in section 2 Institutional background, the ratio of public-to-private R&D 

of 38.1%, is the highest among the OECD countries, and more than prescribed by the 

Barcelona-objective of 1/3. One could imagine that this ratio may drop in the future either 

due to an increase of private R&D, or as a decrease of public R&D. In such case a large amount 

of researchers trained in public institutions will either be demanded by the private market or 

be available to the private market. In this regard, it would be useful for policy makers to know 

whether any transitional barriers exist from public to the private sector. If this is the case, 

policy makers should consider initiating appropriate transition and training programmes with 

the aim of minimising these barriers before cutting down public R&D expenditures.  
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9. Conclusion 

This paper analyses the effects of public R&D expenditures on researchers’ wages and R&D 

employment. Previous empirical findings show that public R&D has inflationary effects on 

researchers’ wages and little additional employment due to an inelastic supply of high skilled 

workers. I investigate this matter for the case of Denmark, which has continuously increased 

its public R&D spending within the last decade, while simultaneously increasing its intake of 

Ph.D. candidates. Based on this observation I anticipate to find a weaker effect of public R&D 

on researchers’ wages than on employment, hence implying an elastic supply of researchers.   

I present a simple theoretical intuition on the link between public R&D expenditures on one 

side, and wages and employment on the other side. In this simple toy model, labour is 

assumed to be the only R&D input. 

Empirically, I apply a reduced-form model and fixed effects LSDV estimator to estimate the 

effects of public R&D on researchers’ wages and employment. The empirical data is based on 

Statistikbanken’s annual survey, which contain aggregate average wages, employment, and 

detailed public R&D expenditure figures in the period 2007-2015. 

The results suggest that public R&D expenditures are weakly associated with researchers’ 

wages, while the association of public R&D expenditures with R&D employment is  fairly 

strong. This finding is consistent with my initial hypothesis of a rather elastic supply of 

researchers in Denmark. Specifically, I find that for a 10% increase in public R&D expenditures, 

researchers’ aggregate average wage increases with 0.83%, whereas a similar increase of 10% 

in public R&D expenditures increases total employment with 4.5%. Additional robustness 

checks show that these findings are sensitive to the period of study, which is in midst of the 

financial crisis. When limiting the sample to post financial crisis, the results show stronger 

employment effects whereas the wage effects do not change significantly. For a 10% increase 

in public R&D expenditures post financial crisis, researchers’ wages are associated with 0.85% 

increase and total employment with a 6.2% increase. Lastly, I find that public R&D is stronger 

associated with wages of low-skilled researchers than high-skilled researchers. 

The findings are, however, subject to a number of limitations, primarily related to the quality 

of the data. Using aggregate average data presents a compositional bias to the empirical 
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results. In addition, the lack of microdata limits the empirical strategy to a reduced-form 

approach. 

The elastic supply of researchers is possibly explained by the increase in Ph.D. candidates in 

the period of study, which has produced more qualified researchers. Furthermore, EU-wide 

initiatives and the international mobility of researchers are likely to have contributed to the 

elastic supply.  

The implication of this study, is, that the labour market for researchers is not necessarily a 

barrier for increased R&D spending if matched by appropriate education policies and if 

international researchers are accessible. However, these policies raise a number of other 

questions, which policy makers have to consider when formulating R&D policies. For example, 

did the increase in public R&D spending and consequently employment of more researchers 

increase innovation, productivity and competitiveness, which are the primary goals? Further 

studies should therefore extend the analysis to these matters.  
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11. Appendices 
 

Appendix 1 – Matching table: R&D clusters, sub-fields and occupation 

Pooling of R&D sub-fields into public R&D clusters and matching with occupation 

Occupation Public R&D cluster Public R&D sub-fields 
(D)ISCO Own clustering FOUOFF07 – Frascati R&D classification 
Phys icist Phys ics Phys ics + Mathematics 

Chemist Chemistry Chemistry + Biochemistry 

Geologist Geology  

Mathematician Phys ics Phys ics + Mathematics 

Biologist Medicine and biology Biology + Cl inical medicine + Medical biotechnology 

Industrial engineer Industry Materials + Nanotechnology 

Civi l  engineer Construction Construction and transport 

Environmental 

engineer 

Energy Energy- and environmental technology 

Mechanical 

engineer 

Medical mechanics Mechanical engineering + Medical technology 

Chemical engineer Chemical technology Chemical technology + Nano technology 

Electronics 

engineer 

Electronics Electronics and communication 

Electrical engineer Electronics Electronics and communication 

General 
practi tioner 

Health services Health services + Social medicine and popular health + Care  

Specialist 
practi tioner 

Bas ic medicine Bas ic medicine 

Dentist Odontology Odontology 

Pharmacist Pharmacy Pharmacy and pharmacology 

Veterinarian Veterinary Veterinary sciences + Other agriculture and veterinary 

sciences 
Farming and Fishing 
scientist 

Agricul ture Agricul ture + Fishing 
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APPENDIX 2 – Descriptive statistics 

Highest and lowest wages̅̅ ̅̅ ̅̅ ̅̅  by occupation 

 Mean Std. Dev. Min Max Observations 

Specialist medical doctor 448.55 41.89 398.59 491.99 6 

General medical doctor 446.13 19.49 397.67 464.99 9 

Dentist 414.97 9.69 396.84 425.04 9 

Pharmacist 412.81 27.77 366.96 450.91 9 

Chemical engineer 399.22 14.29 383.72 420.08 9 

Mathematician 
395.39 12.11 378.84 418.07 9 

Chemist 368.24 12.20 348.49 384.99 9 

Physicist 366.35 10.14 353.60 387.46 9 

Geologist 363.18 8.36 351.35 374.09 9 

Electronics engineer 362.86 3.55 357.37 368.04 9 

Electrical engineer 362.49 5.49 351.26 369.72 9 

Mechanical engineer 353.11 7.98 339.59 362.43 9 

Civil engineer 347.90 4.30 340.93 352.61 9 

Industrial engineer 343.98 4.25 337.93 350.8 6 

Environmental engineer 339.95 9.34 328.23 348.59 6 

Biologist 335.99 11.39 322.94 363.04 9 

Veterinarian 313.56 13.09 294.87 337.03 9 

Forestry and Fishing scientist 288.91 4.48 282.22 295.57 6 
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Highest and lowest employment by occupation 

 Mean Std. Dev. Min Max Observations 

General medical doctor 16695 3094 13790 21870 9 

Civil engineer 7976 939 7009 9775 9 

Mechanical engineer 4831 519. 4024 5487 9 

Electronics engineer 3599 1176 2432 5180 9 

Industrial engineer 3539 985 2614 5389 6 

Chemical engineer 3326 1353 1368 5092 9 

Pharmacist 3093 1117 1541 4218 9 

Forestry and Fishing scientist 2080 64 1998 2146 6 

Electrical engineer 1818 136 1602 2093 9 

Biologist 1621 699 647 2184 9 

Mathematician 1519 399 1074 2087 9 

Dentist 1337 306 1102 1896 9 

Chemist 1137 171 906 1362 9 

Special medical doctor 1128 189 825 1411 6 

Environmental engineer 947 397 523 1412 6 

Veterinarian 620 233 261 827 9 

Geologist 447 87 334 549 9 

Physicist 341 89 212 464 9 

 

 

Highest and lowest R&D cluster  

 Mean Std. Dev. Min  Max Observations 

Medicine and Biology 3070.56 636.69 2117 3924 9 

Health services 863.44 175.68 550 1063 9 

Physics 787.67 117.05 567 956 9 

Basic medicine 777.17 188.86 527 1071 6 

Chemistry 723.11 56.62 616 798 9 

Veterinary 594.33 54.64 505 648 9 

Industry 549.17 34.92 515 609 6 

Energy 526.50 30.94 497 566 6 

Pharmacy 509.25 57.80 416 587 9 

Chemical technology 414.33 58.03 290 470 9 

Electronics 315.56 53.93 244 389 9 

Geology 280.78 16.73 251 309 9 

Medical mechanics 245.50 80.06 140 389 9 

Construction 215.67 45.28 152 264 9 

Agriculture 154.00 30.17 119 195 6 

Odontology 142.11 19.09 119 180 9 
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APPENDIX 3 – Correlation matrix 

 logWage logEmployment_
Total 

logEmployment
_Private 

logPUBRD 

logWage 1    

logEmployment_
Total 

0.2623 1   

logEmployment_
Private 

-0.2437 0.5642 1  

logPUBRD 0.1087 -0.1355 -0.1893 1 

Note: The correlation matrix shows the correlation between the three dependent variables (Wage, Private 
employment and Total employment) and the variable of interest (Public R&D expenditures) 

 

 

 

 

 

 

 

 

 

 


