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Summary 

Firm management faces multiple options when planning a firm’s research and de-
velopment (R&D) and technology strategies. Should the firm invest in in-house 
R&D, or should it acquire knowledge or technology externally? And should external 
knowledge and technology be sourced domestically or abroad? 
 
Expenditure on sourced R&D by Danish firms has grown disproportionately faster 
than total investments in in-house R&D after 2005 (see Figure 1). From 2005 to 
2012 the share grew from 19% to 25% in 2008 and to 32% in 2012 
 
Figure 1 The share of sourced R&D expenditure to total R&D expenditure on in-house 

and sourced R&D 

 
Notes: The statistics shown have been subject to several methodical changes, including going from voluntary 
survey collected by one institution to a survey mandatory by law in 2007. We may consider 2007 to be a “calibra-
tion year” thus refraining from concluding on the spike in 2007. Consult the notes of Figure 2 in the technical 
report for further details. 
Source: Statistics Denmark (handled by Statistics Denmark, 2007-2012; handled by Danish Centre for Studies in 
Research and Research Policy before 2008; overlap in 2007 between the two institutions). 

 

Several plausible explanations for this increase may come to mind. One explanation 
is complementarity, i.e. that some firms necessarily must draw on sourced 
knowledge to realize the potential of in-house knowledge. 
 

In this report we focus on the explanation that the intensified use of 
R&D sourcing was fostered by expectations of higher returns to 
sourced R&D compared to investments in in-house R&D. 

 
The explanation above reflects an often debated concern for outsourcing and the 
loss of Danish jobs. Finding a higher return to sourced R&D can support such a 
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concern by pointing to a circumstance, where sourced R&D replaces in-house R&D 
at e.g. lower cost (implying higher returns). 
 
To answer the question of higher expected returns, we use standard econometric 
procedures from the literature on returns to R&D investments. We investigate re-
turns to R&D in the period 2007-2011. If we can prove existence of differentially 
higher, average returns to sourced R&D compared to in-house R&D investments 
during this period, we have an indicator for firm’s expectations to returns to 
sourced R&D (i.e. realized returns). Higher returns would then be an argument for 
the intensified use of R&D. 
 
We utilize unique data with detailed records on expenditure on different types of 
R&D sourcing.1 Our analysis focusses on two sides of R&D: 1) The investigation of 
different returns to sourced R&D vs investments in-house R&D, and 2) Descriptive 
analysis of the current distribution of R&D activity based on annual figures on R&D 
expenditure from 2011 (latest year at the time of the analysis). 
 
Table 1 Estimating differential impact of total sourced R&D on value added  

 

Investigation #1 

R&D sourcing at 

any level of 

intensity 

Investigation #2 

R&D sourcing 

intensity* of at 

least 10% and at 

most 90% 

Elasticity of gross R&D capital 15.6% 17.2% 

Median return to gross R&D stock 17% 20% 

Significant differential effect of sourced R&D No Negative effect 

     

Observations 2020 1777 

No. of firms 568 524 

No. of firms that source R&D 164 101 

Median of 

[Value added/Gross R&D stock] 
2.06 2.04 

Source: Own estimates using Statistics Denmark registry data. 
Notes: See in more details in Table 11 in the appendix. The data cover the period 2007-2011. *The intensity 
ratio is calculated as the share sourced R&D stock to sum of sourced R&D stock and in-house R&D stock. 

 
  

                                                                 
1 We calculate R&D stocks for each firm in our sampled data from annual expenditure on in-house R&D and vari-

ous types of sourced R&D. Consult the technical report starting on page 6. 
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WE FIND NO EVIDENCE SUPPORTING THAT HIGHER EXPECTED RETURNS 

TO SOURCED R&D CAN FUNCTION AS AN EXPLANATION FOR THE IN-

CREASE IN SOURCED R&D EXPENDITURE SINCE 2005 

 
The results of the investigation are shown in Table 1. We perform two main inves-
tigations of differential returns to in-house R&D vs sourced R&D:  
 
The first investigation includes firms sourcing R&D at any level relative to their 
total R&D activity—from no or very marginal use of sourced R&D relative to in-
house R&D to only sourcing R&D. 
 
The second investigation focuses especially on firms where the sourcing intensity is 
at least 10% and at most 90%, i.e. that we focus on firms for which both in-house 
R&D and sourced R&D play a significant role in their R&D strategy.2 

THE BULK OF DANISH R&D SOURCING EXPENDITURE COMES FROM THE 

LARGEST R&D FIRMS – THE CONCENTRATION OF SOURCED R&D EX-

PENDITURE IS HIGHER THAN THE CONCENTRATION OF IN-HOUSE R&D 

INVESTMENT 
 
Table 2 The Distribution of Danish R&D Expenditure in 2011 

  

In-

house 

R&D 

    

Total 

R&D 

sourcing 

    

Concern 

group 

internal 

sourcing 

    
External 

sourcing 

Total Danish Business R&D, 

Billion DKK 
36.3     15.0     5.9     9.2 

Share of Danish Business R&D* 

(Firms ranked by in-house R&D) 
                    

- Top 20 50%     67%     74%     62% 

- Top 50 65%     77%     85%     72% 

- Top 100 73%     82%     85%     80% 

Source: Statistics Denmark, RDI-survey 2011, own calculations. 

Note: *Approximated estimate using the un-weighted (i.e. the actual firms asked) sample of the RDI-survey. The 

unweighted sample covers 84% of estimated total business R&D (for total sourcing the coverage is 89%). The top 

20 by in-house R&D are the actual 20 largest R&D firms in Denmark. Total R&D souring at DKK 15.0 billion dif-

fers from the sum of the two columns to the right due rounding off. See section 2.1 in the report for more details 

about the sample stratification of the survey. 

 

Table 2 shows the concentration of R&D expenditure on the largest firms by in-
house R&D. Firms in the data are sorted according to in-house R&D expenditure. 
The striking result of this sorting is that while half of in-house R&D expenditure is 
concentrated on the 20 largest firms by in-house R&D, sourced R&D by these 20 
firms constitutes 67% of Danish business R&D sourcing. Behind this number lies 
different concentration rates of total Danish concern group internal and external 
                                                                 
2 The sample for our second main investigations also includes firms that only invest in-house R&D (i.e. a form of 

reference group firms).  The sampled firms cover about 70% of Danish firms’ investment in in-house R&D during 

the period 2007-2011. Of the 524-568 firms in the sample 101-164 firms source R&D. 
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R&D, respectively. While the top 50 firms by in-house R&D represent 85% of Dan-
ish concern group internal R&D, external R&D by these 50 firms comprise 72% of 
total Danish external R&D. On the international share of R&D sourcing, we find 
that large firms source more intensively from abroad.3 Close to 90% of concern 
group internally sourced R&D comes from abroad, and 64-72% of external R&D 
sourcing is international. The international shares concerning external R&D sourc-
ing for the top 100 firms by in-house R&D are also higher than the overall share of 
Danish business R&D sourced from abroad (58%). 

CONCLUSIONS 

 
Our five main conclusions in the report: 
 

Returns to R&D: 

Conclusion 1: 
Our main results do not find evidence of sourced R&D contributing 
more to firm value added than in-house R&D, suggesting that 
knowledge acquired through R&D sourcing does not yield higher net 
investment return than knowledge produced by investing in in-
house R&D. 
 
Conclusion 2: 
For firms that rely significantly on both in-house R&D production 
and acquisition of knowledge, we find an isolated negative impact 
on value added from sourcing activities, implying that firms that 
combine in-house and sourced R&D to build knowledge capital must, 
in general, accept a lower joint return on all R&D activities than 
firms that focus solely on in-house R&D. 
 
Conclusion 3: 
The finding of a negative, isolated impact from intensive use of 
sourced R&D over in-house R&D could be interpreted (though not 
formally tested in this study) as a complementarity property of the 
two R&D activities, i.e. that not investing in both sourced and in-
house R&D, in general, will lower the return to gross knowledge 
capital building. The suspicion of complementarity is supported by a 
recent qualitative survey (DASTI, 2015) of Danish firms’ R&D strat-
egies. Here firms indicate that cost considerations (i.e. higher net re-
turn by saving costs) not very often play a decisive role—necessity of 
particular knowledge, however, does. 

 
 

The Distribution of the value of R&D  
Conclusion 4: 
More than 2,000 Danish firms hosted R&D activities in 2011 and 
more than 1,000 firms acquired R&D. However, the lion’s share of 
the total value of R&D activities is concentrated on relatively few 

                                                                 
3 Consult Table 7 on page 19 in the technical report for these details. 
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firms. The 20 firms in the Danish RDI-survey with the largest re-
ported in-house R&D expenditure in 2011 (these are the actual 20 
largest firms by in-house R&D) represented 50% of total Danish in-
house R&D. The total value of sourced R&D for these 20 firms repre-
sented 67% of total Danish sourcing of R&D, and the value of their 
concern group internal sourcing represented 74% of total Danish 
concern group internal sourcing. 
 
Conclusion 5: 
About half of the total value of concern group external sourcing by 
Danish firms in 2011 came from international sourcing. However, 
the largest firms by in-house R&D investment sourced externally 
more from abroad (64-72%) and especially within the concern group 
(more than 85% of their total concern group internal sourcing ex-
penditure). 



 

 

Danish Agency for Science, Technology and Innovation  9 

Technical report 
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1. Introduction 
Firm management faces multiple options when planning a firm’s research and de-
velopment (R&D) and technology strategies. Should the firm invest in in-house 
R&D, or should it acquire knowledge or technology externally? And should external 
knowledge and technology be sourced domestically or abroad? 
 
Expenditure related to sourced R&D by Danish firms has grown disproportionately 
faster than total investments in in-house R&D since 2002. From 2002 to 2012 the 
share of sourced R&D to the total sum of sourced R&D and in-house investments in 
R&D has grown from 19% to 32%. 4 
 
Figure 2 The share of sourced R&D to total expenditure on in-house and sourced R&D 

 
Notes: The statistics shown have been subject to several methodical changes, including going from a voluntary 

survey collected by one institution to a survey mandatory by law in 2007 handled by Statistics Denmark (collection 

of data from 2008). We may consider 2007 to be a “calibration year” thus refraining from concluding on the spike 

on the share-curve (grey curve) in 2007. Our interpretation of the increase of the share relies, in general, on the 

assumption that any biases in the revision of the data material used to estimate the level of Danish in-house R&D 

and sourced R&D between 2002 and 2012 (with the exception of 2007) are similar within each year, implying the 

calculated share is largely unaffected by these potential underlying biases in the levels. 

Source: Statistics Denmark 

 

                                                                 
4 See the notes to Figure 1 concerning assumptions for interpretation of the empirical development. 
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Several plausible explanations for this increase may come to mind. In this report 
we focus on the explanation that the intensified use of R&D sourcing was fostered 
by expectations of higher returns to sourced R&D compared to investments in in-
house R&D. An indicator of higher expected returns on sourced R&D is evidence of 
actual higher returns. Thus, we investigate R&D returns during the period 2007-
2011. 5 
 
The national figures on R&D expenditure are calculated from a comprehensive 
R&D and innovation survey of about 4,500 firms asked every year. The Danish 
R&D and Innovation survey (RDI-survey) uses a stratified sampling method, en-
suring that all large firms and R&D-sector firms in Denmark participate every year 
but smaller firms are picked more randomly.6 We use this firm level survey 
matched with detailed registry data to construct R&D stocks at the firm level from 
information on annual R&D expenditure and then econometrically estimate R&D 
elasticities from firm level production function specifications. 
 
We find no support for the hypothesis that sourced R&D yields higher return than 
investments in in-house R&D facilities and thus a likely motivating factor for 
choosing sourced R&D. 
 
Investigating a subsample of firms that excludes firms with either negligible or al-
most exclusive use of sourced R&D indicates (borderline significant) a negative, 
marginal impact on firm value added from using sourced R&D, i.e. that expendi-
ture related sourced R&D does not generate as high a return as in-house R&D in-
vestment. Thus, we cannot conclude that higher expected returns are a plausible 
explanation for firms choosing sourced R&D over in-house R&D. 
 
The estimated median return of total investment in R&D (i.e. in-house and sourced 
R&D jointly) is in the range of 17-22%. 
 
The task to construct a credible sample proved difficult. Inspection of the micro 
level data revealed patterns in the data that are particularly important when com-
puting R&D stocks. Crucial to the computation of R&D stocks, we rely on the per-
petuity inventory method, which relies on the assumption that an R&D activity is 
continuous—not sporadic. Thus, we have to rule out a considerable number of 
firms that source R&D sporadically, and, to some extent, also firms that produce 
R&D in-house. 
 
Compared to computing in-house R&D stocks essentially two properties of the 
Danish firm level data on sourced R&D constitute challenges for the computation 
of sourced R&D stocks. First, total sourced R&D expenditure is only half the size of 
total in-house R&D-investments, and the distribution of total sourced R&D on 
firms is more concentrated than the concentration of total in-house R&D. A large 
handful of firms constitute the bulk of sourced R&D, and thus the remaining firms 

                                                                 
5 Because this investigation happens at the firm level, our estimations are not biased by any of the potential bias 

concerns mentioned in the notes of Figure 2. 

6 A subsample of this survey with selected variables covers the Danish contribution to the European Community 

Innovation Survey (CIS). 
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sourcing R&D, source R&D relatively scarcely. Second, firms appear to use sourcing 
channels more sporadically and thus, in the data, several observations occasionally 
contain reported zero expenditure. 
 
The consequence for a microeconometric study is that strict assumptions applied to 
the construction of knowledge stocks limits the number of observations and—just 
as important—also limits the variation among observed firms that use sourced R&D 
considerably intensively. 
 
The literature on estimating the performance of various knowledge building strate-
gies by producing knowledge (in-house R&D) or sourcing knowledge (R&D source) 
is well-covered. In general, the studies can be divided into two groups: One group 
of studies focuses on linking current activity (expenditure) to performance 
measures such as impact on innovation (e.g. Cassiman & Veuglers, 2006, when 
testing complementarity properties of in-house R&D and external R&D). The other 
group of studies uses knowledge capital and estimates production functions which 
deliver estimates of R&D elasticities. These studies focus on net investment returns 
to R&D, because elasticities provide a link from investment in R&D capital to in-
creased value added (i.e. an investment return). These types of studies find esti-
mated elasticities. 
 
DASTI (2014) conducted a firm-level, cross-country comparison of in-house R&D 
investment and returns using data from Denmark, Sweden, Finland and Norway. 
The study finds varying returns both across countries, but certainly also  across 
sectors within countries. Bjørner & Mackenhauer (2013) investigate differential 
returns to R&D within Danish firms by separating out energy research from other 
in-house R&D activities. Both DASTI (2014) and Bjørner & Mackenhauer (2013) 
can serve as reference point estimates for the estimates found in this study. 
 
A study similar to this study is Tseng (2008) that investigates the adoption of ex-
ternal technology in the Taiwanese semiconductor industry. This study finds no 
evidence of external technology adding significantly positively to value added, 
whereas in-house R&D does. Our methodology is close to Tseng (2008) as we de-
velop separated accumulated stocks of knowledge capital stocks for in-house R&D 
and R&D sourcing, respectively. 
 
The paper proceeds as follows: Section 2 presents the data and some descriptive 
analytics of R&D expenditure, while section 3 presents the estimation strategy. The 
results are presented in section 4 before the concluding remarks in section 5. 
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2. Data 
This chapter features two main sections: Section 2.1 introduces the unique data 
while section 2.2 explains the methodology for turning R&D expenditure into R&D 
stocks. This procedure is not as rudimentary as the basic calculations may indicate. 
The underlying assumptions for using a given observed expenditure to calculate a 
stock value are quite restrictive. 

2.1 The Data 

The study uses the Danish R&D and innovation survey (the RDI-survey) from Sta-
tistics Denmark, which follows the guidelines of the Community Innovation Survey 
(CIS) but the RDI-survey has wider coverage and includes details on R&D expendi-
ture. These survey data include a unique firm identifier allowing us to match them 
with registry data from General Firm Statistics (accounting data from the full popu-
lation of Danish Firms) and employee information about the educational level 
(from the full Danish population). We utilize firm information on value added, cap-
ital, employment, educational level, industry allocation, and details on R&D ex-
penditure covering both in-house production and sourcing options. 
 
The RDI-survey uses stratified, random sampling to pick the largest firms and R&D 
intensive industries every year and more randomly, with decreasing firm size, 
smaller firms. This sampling strategy implies that we have to rely on imputation of 
missing observations on R&D expenditure to fill out the gaps for those firms that 
drop in and out of the RDI-survey. We will discuss this matter in detail in section 
2.2. 
 
The RDI-survey holds detailed information on R&D expenditure. The information 
covers in-house R&D production as well as various sourcing channels. From these 
R&D expenditures we compute R&D stocks following the perpetuity inventory 
method. We go through the practical implementation in section 2.2. As the descrip-
tive statistics show, the (lack of) consistent use of firm level R&D sourcing activity 
challenges the necessary assumptions of the perpetuity inventory method. 
 
We can group these knowledge channels in more than one way. We characterize the 
opportunities through four broad channels that a firm can obtain or build 
knowledge or technology capital from. First, the firm can host R&D activities in-
house. Second, if a firm belongs to a concern group it can source R&D services or 
technology from firms within the concern group either domestically or abroad. 
Third, the firm can source knowledge or technologies from Danish knowledge sup-
pliers external to the concern group (i.e. licensing, private consulting, research in-
stitution consulting, and R&D services or technologies). Fourth, the firm can source 
R&D from external knowledge suppliers abroad. 
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The channels above overlap. For example, firms can source R&D abroad within the 
concern group, external to the concern group, or both. 

External and Internal sourcing of R&D 
Our firm-level data definition follows the Danish legislation on firms as legal enti-
ties. A firm is a legal entity that has its own firm registration number (CVR num-
ber) in the Danish Central Business Register (CVR). An owner of a firm, however, 
may be another firm that holds a controlling share of the stocks making the con-
trolled firm a subsidiary in a concern group—or the other way around. 
 
Firms within a concern group may utilize closer natural ties to buy R&D services 
from firms within the concern group. Such R&D sourcing also limits the exposure 
of sensitive and classified information from potential competitors. Partner firms 
within the concern group may be situated in Denmark or abroad. 
 
The possibilities for studying the knowledge channels of firms follow below: 

- In-house R&D (RD) covers R&D produced within the firm. 
- Concern group internal R&D (RD_intern) is the sum of RD_intern_DK 

and RD_intern_abroad: 
o Concern internal, domestic R&D sourcing 

(RD_intern_DK) comprises R&D service and technology sourced 
from other firms located in Denmark within the concern group. 

o Group internal, international R&D acquired abroad 
(RD_intern_abroad) comprises expenditure related to R&D ser-
vice and technology sourced from other firms located abroad within 
the concern group. 

- External knowledge and technology (RD_ext) is the sum of 
RD_ext_dom and RD_ext_abroad: 

o External knowledge and technology acquired domestically 
(RD_ext_dom) accounts for acquired knowledge through domes-
tic, external sourcing channels. 

o External knowledge and technology acquired abroad 
(RD_ext_abroad) accounts for acquired knowledge through in-
ternational, external sourcing channels. 

 
We can also combine elements from the stocks listed above to differentiate total 
R&D acquisition abroad (RD_ext_abroad and RD_intern_abroad) from total do-
mestic R&D acquisitions, and external sourcing from (concern group) internal 
sourcing. 
 
Before moving on to the computation of the stocks based on the expenditure data, 
we first present a set of tables that map activity correlation within R&D active 
firms. After presenting this correlation study of R&D activities at the firm level, we 
briefly contrast these findings against a macro perspective of R&D activity. 
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Correlated R&D activities 

The data in the following tables covers dummy activity correlation based on annual 
pairs of R&D activity types (i.e. within a given year whether a firm e.g. invests in-
house R&D and also sources R&D externally).7 
 
Table 3, Table 4, Table 5, and Table 6 show different cross-correlations of observed 
R&D activity types at the firm level. 
 
Table 3 shows that firms producing R&D in-house are roughly divided in two 
groups. One group uses only in-house R&D and not sourced R&D. The other group 
sources R&D more often from external firms (0.46) than from concern group firms 
(0.25). Thus, within the group of firms that host R&D production and also source 
R&D, the external sourcing strategy is about twice as common as the use of concern 
group internal sourcing. This characteristic is also underlined by the fact that firms 
sourcing R&D externally—regardless of whether they host R&D—rarely also source 
from within their concern group at the same time. The reason is, that firms that 
source from within the concern group are a select group that often produce R&D 
in-house and also source external R&D. 
 
One obvious explanation for why less firms source concern internally is that some 
firms do not belong to a concern group. However, that investigation is beyond the 
scope of this analysis. 
 
Table 3 Correlation of Firm Level R&D Activity (2007-2011): 

In-house R&D, External and Internal Sourcing 

 In-house External 
Sourcing  

Concern 
Group 
Internal 
Sourcing 

In-house 1.00   

External sourcing  0.46 1.00  

Concern Group In-
ternal Sourcing 

0.25 0.28 1.00 

Notes:  The table uses total registration of R&D expenditure (yes=1, no=1) in the 

period 2007 to 2011. 

Source:  DASTI calculations using RDI-survey from Statistics Denmark 

 

Table 4 splits external sourcing of R&D on local and foreign suppliers. Comparing 
the correlation of in-house R&D and external sourcing from Table 3 (0.46) to the 
correlations in Table 4, we clearly see that external sourcing among firms with in-
house R&D activity almost always implies local sourcing (0.44) and relatively less 
often international sourcing (0.29). 
 

 

 

                                                                 
7 Recall that the RDI-survey uses stratified random sampling of firms that always picks the largest firms and R&D 

sector firms. 
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Table 4 Correlation of Firm Level R&D Activity (2007-2011): 

In-house R&D and External Sourcing Locally or From 

Abroad 

  
In-

house 

External Sourcing 

  
Local Abroad 

In-house  1.00   

External Sourcing 

Local 0.44 1.00  

Abroad 0.29 0.40 1.00 

Notes:  The table uses total registration of R&D expenditure (yes=1, no=1) in the 

period 2007 to 2011. 

Source:  DASTI calculations using RDI-survey from Statistics Denmark 

 
The split on concern group internal sourcing activity in Table 5 shows that sourcing 
activities of firms with in-house R&D production have concern group sourcing ac-
tivities occasionally and somewhat more abroad than locally. 
 
Table 5 Correlation of Firm Level R&D Expenditure (2007-2011): 

In-house R&D and Concern Group Internal Sourcing Lo-

cally or From Abroad 

  
In-

house 

Concern group 
Internal Sourcing 

  
Local Abroad 

In-house  1.00   

Concern group In-
ternal Sourcing 

Local 0.15 1.00  

Abroad 0.21 0.16 1.00 

Notes:  The table uses total registration of R&D expenditure (yes=1, no=1) in the 

period 2007 to 2011. 

Source:  DASTI calculations using RDI-survey from Statistics Denmark 

 
In Table 6 we sum up concern group internal and external sourcing (i.e. total 
sourced R&D) and split total sourced R&D on local and abroad. This view shows 
that sourcing from abroad is somewhat more common than sourcing locally. 
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Table 6 Correlation of Firm Level R&D Activity in 2007-2011: 

In-house and Sourcing Locally or From Abroad 

  
In-

house 

Sourcing locally 
or from abroad 

  
Local Abroad 

In-house  1.00   

Sourcing locally or 
from abroad 

Local 0.33 1.00  

Abroad 0.45 0.40 1.00 

Notes:  The table uses total registration of R&D expenditure (yes=1, no=1) in the 

period 2007 to 2011. 

Source:  DASTI calculations using RDI-survey from Statistics Denmark 

A macro-perspective of R&D expenditure 
The firm level R&D activity mapping according to annual expenditure in the preceding sub-

section does not necessarily reflect the composition of the bulk of the monetary allocation of 

R&D activities across firms, because the distribution of Danish firms by size is highly 

skewed with just a relatively small share of firms being very large, potentially constituting 

larger R&D hosts. Table 7 offers an overview of the macro allocation of R&D expenditure 

based on the 2011 RDI-survey. The weighed total shows the official macro estimate of total 

Danish R&D expenditure according to Statistics Denmark, i.e. DKK 36.3 billion on in-house 

R&D and DKK 15.9 billion on R&D sourcing. The unweighted sample totals reflect the 

summation of the actual firms participating in the 2011 survey. 

 

Table 7 Macro view of the distribution of R&D expenditure, 2011, billion DKK 

  
In-house 

R&D 

Total R&D 

sourcing   

Concern group 

internal sourcing 
    External sourcing 

  

    

    
Total 

amount 

Interna-

tional 

share 

    
Total 

amount 

Interna-

tional 

share 

Weighted total           

- Danish R&D (macro-level) 36.3 15.0   5.9 86%   9.2 58% 

Un-weighted sample 

totals 
          

- Total 31.2 13.7   5.5 86%   8.1 60% 

- Share of Danish macro-

level total 
86% 91%   94%    89%  

- Firms ranked by in-house 

R&D 
          

- Top 20 18.3 10.0   4.3 87%   5.7 72% 

- Top 50 23.6 11.6   5.0 88%   6.6 70% 

- Top 100 26.5 12.4   5.0 88%   7.4 64% 

Notes:  The weighted total is the result of applying weights to the stratified sample to deliver a mac-

ro total for Danish R&D expenditure. The unweight sample contains the directly obtainable, 

individual firm observations from the survey. 
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Source: RDI-survey 2011 from Statistics Denmark 

 
Because large firms employ more people and produce on a larger scale, they potentially also 

have larger R&D capacity. Furthermore, because large firms and R&D-firms are not ran-

domly sampled in the RDI-survey, we capture a considerable share of Danish R&D expendi-

ture directly from the firms in the 2011 survey. We can directly obtain 86% of estimated 

total Danish in-house R&D expenditure by summing up the reported expenditure of the 

firms in the 2011 survey. Thus, we use the unweighted firm observations as indicative for 

the macro composition of Danish R&D in 2011. 

 
From the table we see that total concern group internal sourcing among the sam-
pled firms (i.e. DKK 5.4 billons) directly, without applying sample weights, repre-
sents 94% of the DKK 5.9 billion macro-level estimate of Danish R&D sourced 
within their concern groups. Moreover, the lion’s share of concern group internal 
sourced R&D is represented by (DKK 4.3 billions) the 20 largest firms measured by 
in-house R&D. The 50 largest firms measured by in-house R&D represent DKK 4.9 
billion. That figure translates into an 85% share of the Danish total. This concentra-
tion underlines that concern group internal R&D sourcing in Denmark is primarily 
concentrated around the largest firms in terms of R&D investments, whereas the 
concentration of in-house R&D among these firms, at 65%, is comparably lower. 
 
Turning to external sourcing we see that sourced R&D of the largest 100 firms 
measured by in-house R&D translates into 80% of the Danish total. Thus the dis-
tribution of external expenditure is still concentrated but less so than for concern 
group internal R&D. 
 
Concern group internal and external R&D also differ in other aspects of concentra-
tion rates. The international share of concern group R&D sourcing is 86-88% com-
pared to 58% for total Danish external sourcing expenditure, and 64-72% for the 
largest 100 firms by in-house R&D. This difference underlines that the largest R&D 
firms in Denmark are often part of a concern group with international affiliation.  
 
As a group,8 these firms use concern group internal sourcing more intensively than 
external sourcing. This difference in intensities implies, that even though total ex-
ternal sourcing (DKK 9.2 billion) external makes up 60% of total R&D sourcing 
(DKK 15 billion), the split of total value R&D sourcing on internal and external is 
50/50. 

2.2 Computing R&D stocks 

We use the perpetuity inventory method to compute R&D stocks from reported 
annual R&D expenditure. This method relies on the assumption that the earliest 
firm level observation of R&D expenditure is the result of constant, historical, real 
growth,�, and constant depreciation, �. Thus, we can calculate the initial R&D 
stock from the initial observation in year �� of firm i’s annual R&D expenditure, ��_�	
�,�, as 

 

                                                                 
8 We cannot decompose the total any further without compromising the anonymity principle of the registry data. 
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��_������,� = ��_�	
�,�	� + �  

 
Following Bjørner & Mackenhauer (2013) we set the constant real growth rate, �, 
to 7 per cent per annum to reflect the historical development in R&D investment in 
Denmark. We set the depreciation rate, �, to 15 per cent following common practice 
(Hall, Mairesse, & Mohnen, Measuring the Returns to R&D, 2009). 
After computing the initial stock, the stock evolution follows the capital accumula-
tion identity: 
 �������, = �1 − �� ∙ �������,� + ��_�	
�,						,					� = � , . . , �" 

 
Essentially we could perform a cross-section analysis based on the calculated initial 
stock. But we have a panel available which allows us to produce more stable esti-
mates that do not rely on particular circumstances within a particular year. 

Imputation of missing observations on R&D expenditure 
Because the RDI-survey uses stratified, random sampling we observe that firms fall 
in and out of the survey over the years. Two recent papers that have investigated 
returns to Danish R&D have used linear interpolation on one-year gaps (Bjørner & 
Mackenhauer, 2013) or more relaxed assumptions allowing two-year gaps and im-
puting values adjacent to a defined, valid observation (DASTI, 2014). Both studies 
focus on in-house investments in R&D. 
 
We can perceive in-house R&D as a stronger strategy commitment to R&D than 
committing to continuous use of R&D suppliers. Thus, our primary concern is to 
sort out whether we can impute the missing observations with information from 
surrounding years regarding sourced R&D using assumptions and procedures simi-
lar to the above mentioned Danish studies of in-house R&D. An inspection of the 
expenditure data on sourced R&D reveals that sporadic R&D sourcing indeed is 
common. 
 
The main premise for imputing missing values is that the R&D activity is continu-
ous and annual—not random or sporadic. Because observed use of sourced R&D is 
sporadic, we likely risk imputing positive missing values that may very well be ze-
ros, or impute zero values that should be positive. Furthermore, if R&D activity is 
random then using the earliest, annual observation of R&D expenditure, ��_�	
�,�, 

to compute the initial stock value, ��_������,�, can result in complete underestima-

tion of the true stock (i.e. a false initial zero value stock) or an overestimated initial 
stock (i.e. a stock value based on assumed continuous activity when in fact activity 
is sporadic). 
 
We use a stricter selection process to construct a credible sample than other 
studies that focussed on in-house R&D stock (see DASTI, 2014; Bjørner & 
Mackenhauer, 2013). We use the following set of rules for imputing missing ex-
penditure values: 
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Reference imputation rules for R&D expenditure 
1) Pre-selection of firms that appear in the RDI-survey for three consecutive 

years and have reported positive R&D expenditure 
2) One-year gaps are linearly interpolated 
3) A missing observation preceding a valid observation will be assigned the 

valid observation value adjusted for assumed constant, real growth per an-
num (7%) 

4) A missing observation following a valid observation will be assigned the val-
id observation value adjusted for assumed constant, real growth per annum 

 

 

The summary statistics are presented in Table 8. 
 
Table 8 Summary Statistics for the analysed sample 

Observations 1997      

Firms 560      

   Percentiles 

 Mean Median 10th 25th 75th  90th 

Full-time employment, FTE 418.7 128 11 34 356 793 

- R&D personnel, share 0.20 0.08 0.01 0.02 0.28 0.63 

Physical capital 869 54 1.6 8.3 285 1,110 

In-house R&D stock, RD 236 28.9 3.8 10.8 87.6 374 

Value added, VA 325.0 84.2 5.1 18.8 236 592 

VA per RD 9.32 2.17 0.24 0.67 6.99 18.6 

VA per FTE 0.688 0.604 0.369 0.485 0.801 1.083 

 
The summary statistics for the two samples are reported in Table 8. These statistics 
show that a considerable share of the firms covers medium sized firms, and that 
25% of the firms have more than 356 employees. The average number of employees 
is 419 while the median is 128. Some firms are considerably large (the 90th percen-
tile has more than 793 employees). An important point of reference for calculating 
return-on-investment of R&D is the median firm ratio of value added to R&D stock 
(i.e. the inverse R&D intensity ratio). The median ratio of value added to in-house 
R&D stock is 2.17, and the upper and low quartiles are 6.99 and 0.67, respectively. 
The table also reports the 10th and 90th percentiles. The distribution of firms ac-
cording to the inverse R&D intensity ratio is comparable with Bjørner & 
Mackenhauer (2013), which is comforting because their panel spans from 2000 to 
2007—i.e. their analysis is carried out prior to the crisis, and based on a panel with 
two more years of observations, which strengthens panel inference.9 

                                                                 
9 Investigating the distribution of the inverse R&D intensity ratios by year reveals that the upper quartile and the 

lower quartile as well as the 10th percentile and 90th percentile are very stable, whereas the median value varies 

between 2.02 (in 2011) and 2.57 (in 2007) except for 2009, where the median ratio is 1.87. Thus for the middle 

50% of the distribution there is a temporary shift towards somewhat higher R&D intensity even though the tails 

above the upper quartile and below the lower quartile are largely unaffected. This drop to 1.87 in 2009 indicates 

that some firms within the middle 50% suffered from a drop in value added in 2009 compared to their stock of 

R&D at the end of 2008, but that R&D intensity levels of the middle 50% return to somewhat normal levels 

quickly hereafter. 
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3. Estimation 
The estimation strategy follows the widely used Cobb-Douglas production ap-
proach of Hall & Mairesse (1995) and Hall, Mairesse, & Mohnen (2009) that esti-
mates R&D stock elasticity based on R&D stocks computed from R&D expenditure 
using the perpetuity inventory method. 
 
The basic production function used exhibits exogenous technological progress,	#: 
 

$%�, = %�&'()�,*+,�,� *-���,� *. 								�6� 
 
FTEi is the fulltime equivalent labour stock of firm i adjusted for double counting of 
R&D personnel. K is lagged physical capital stock and RD is lagged R&D capital 
stock. We use lagged stock values to avoid simultaneity biases.10 Other studies have 
expressed the production function in per worker terms to conceptualize the link to 
productivity. However, these two variants are essentially, practically identical. 
 
The basic estimation equation by log-transformation is  
 ln2$%�,3 = 4 ln2'()�,3 + 45 ln2,�,� 3 + 46 ln2���,� 3 + 7)�8�, + �9 + #+ :�, 									�2� 
 
We control for industry (�9) and time fixed effects (#), and for within-firm labour 

force qualifications ()�8�,, share of high skilled workers). The estimated coeffi-

cient 46 is directly interpretable as the elasticity of R&D. We can in turn estimate a 

return to R&D, ρ, using the median firm (invers) R&D intensity ratio, 
<=
>?: 

 

ρ = 46 ∙ $%�� − �								�3� 
 
To explore the existence of differential returns to investment in in-house R&D and 
sourced R&D we can expand the production function to cover different types of 
R&D stocks. To ease notation we use the inclusion of ��BC�,�  as an example, but 

in the estimation we could include other types as well:  
 

ln2$%�,3 = 4 ln2'()�,3 + 45 ln2,�,� 3 + 46 ln2���,� 3 + 4D ln E��BC�,� F+ 7)�8�,� + �9 +# + :�, 								�4� 
 

                                                                 
10 DASTI (2014) showed that using 1, 2, or 3 lags has negligible effect on estimated elasticities of R&D.  
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Above we include the R&D stock accumulated from external R&D sourcing, ��_�	��,� . Because this formulation uses log of the R&D stocks it effectively only 

includes observations for firms that both produce R&D in-house and also source 
R&D externally. As we saw in Table 3 the correlation of in-house R&D and external 
R&D sourcing is quite high.  We also, initially, wish to include all firms that either 
produce R&D in-house, source R&D externally, or do both. Bjørner & Mackenhauer 
(2013) face a similar issue when estimating the existence of differential returns to 
thematic types of in-house R&D investments. We extend the production function to 
include a term that expresses the relative importance of R&D sourcing compared to 
in-house R&D production: 
 

$%�, = %�&'()�,*+,�,� *-��_�H����,� *. I��_�H����,� + ��BC�,� ��_�H����,� J
*K 								�5� 

 
We sum in-house and sourced R&D in the stock variable ��_�H����,� . The term 

M>?_NO���P,QR+S>?TUQP,QR+>?_NO���P,QR+ V is the gross ratio of R&D souring to total R&D (in-house and 

sourced R&D). The ratio is 1 when either ��BC�,�  or ���,�  is zero, and if both 

stocks are zero the term is undefined and not relevant for this analysis. The estima-
tion equation now becomes: ln2$%�,3 = 4 ln2'()�,3 + 45 ln2,�,� 3 + 46 ln2��_�H����,� 3

+ 4D ln I1 + ��BC�,� ��_�H����,� J + )�8�,� + �9 + # + :�,								�6� 
 
If 4D is significantly different from zero external R&D and in-house R&D have dif-
ferent impact on value added. If 4D is positive external R&D activities yield an add-
ed return compared to investments in-house R&D and vice versa if 4D is negative. 
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4. Results 
We estimate equation (6) on the sample presented in Table 8 in section 2.2. The 
results are found in Table 9.11 The first notable result is that the seven individual 
estimations presented in the columns use roughly the same reference group of 
firms. In each of the seven estimations we add up in-house R&D (which most sam-
pled firms have) and the sourced R&D type in question. 
 
We risk introducing an omitted variable bias by excluding information on other 
R&D-sourcing types in all but the estimation on the far right table column (total 
external and internal sourcing). However, including e.g. the total external sourcing 
ratio and the total concern group internal ratio jointly introduces high degree col-
linearity. Thus, we consider the results indicative for the cases that focus on one 
type and exclude all other sourcing types. 
 

Table 9 Estimating differential impact of sourced R&D on value added 

Estimation orientation according to 

sourcing type 

External sourcing 

Concern 

group 

internal 

External and internal sourcing 

Domestic Abroad Total Total Domestic Abroad Total 

Elasticity of gross R&D capital 16.4% 17.0% 16.5% 15.9% 16.2% 16.3% 15.6% 

Median return to gross R&D stock 20% 22% 20% 19% 20% 20% 17% 

Significant differential effect of 

sourced R&D 
No No No No No No No 

                

Observations 1989 1967 1997 1986 1987 1996 2020 

No. of firms 557 550 560 556 556 560 568 

No. of firms that source R&D 114 41 133 53 75 122 164 

Median of 

[Value added/Gross R&D stock] 
2.13 2.17 2.15 2.15 2.13 2.15 2.06 

Notes: See in more details in Table 11 in the appendix. 
 

The table shows that the estimations are based on about 560 firms observed about 2000 
times. Of these firms 164 firms in the sample sourced either concern group internally or 
externally, and 133 firms sourced externally. The elasticity of the gross R&D capital stock 
is 15.6-17% which translates into a median return to gross R&D investment of about 17-

                                                                 
11 Consult the appendix for more details. 
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22%. These elasticity estimates are somewhat higher than e.g. Bjørner & Mackenhauer 
(2013), however our estimated returns compare to their investment return range of 20-25%. 

 
We do not in Table 9 find support for the hypotheses that sourced R&D contribute more to 
firm value added than in-house R&D investments. All coefficients of the ratios of sourced 
R&D stock to gross R&D stock are insignificantly different from zero. 
 
Table 10 Estimating differential impact of total sourced R&D on value added for firms with consider-

able, but not complete, reliance on R&D sourcing 

Elasticity of gross R&D capital 17.2% 

Median return to gross R&D stock 20% 

Significant differential  effect of sourced R&D Negative effect, borderline 5% 

    

Observations 1777 

No. of firms 524 

No. of firms that source R&D with a stock ratio to the gross 

R&D stock of minimum 10% and maximum 90% 
101 

Median of 

[Value added/Gross R&D stock] 
2.04 

Notes: See in more details in Table 11 in the appendix. 
 
One explanation for why we do not find significant effects of external sourcing could be 
that the ratio of R&D sourcing stock to the total R&D stock is low for a substantial share of 
firms that source R&D. In an alternative specification we include all firms that produce 
R&D in-house, and firms with a gross R&D stock that consists of at least 10% sourced 
R&D stock (i.e. considerable reliance on sourced R&D) and at most 90% (i.e. not exclusive 
reliance). The results are found in Table 10. 
 
The results in Table 10 show that the median firm in a sample of firms that are relatively 
R&D intensive (inverse R&D intensity ratio of 2.04) and use in-house, or combine in-house 
mix in-house R&D with sourced R&D at a considerable level, but not exclusively, has an 
estimated 20% return on its total R&D stock. An average, borderline, significant tendency 
to lower return to investment from sourcing intensively compared to producing R&D in-
house exists. This result does not alter the overall picture. 
 
These results leaves the answers to the incentives for sourcing R&D instead of investing in 
in-house R&D wide open. A natural suspicion is that sourced R&D is complementary to in-
house R&D for the firms that combine in-house and sourced R&D. This explanation finds 
support in a recent qualitative survey by DASTI (2015) that asks firms about their R&D 
strategies. Firms in this survey rarely point to cost-cutting incentives such as lower wages 
(only 7%). Instead, they most often point to circumstances that underlines sourced R&D as 
a necessity for their business development, i.e. access to unique knowledge etc. 
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5. Concluding remarks 
International outsourcing of any activity, including R&D, has the attention of the 
public, because domestic jobs are at stake. R&D activity does not only provide jobs 
to researchers—it provides knowledge capital building that boosts the innovation 
potential for the future and the prospects of future growth. 
 
Outsourcing does not necessarily harm Danish firms’ innovation potential. Den-
mark is a small economy that will face certain capacity constraints when it comes to 
housing certain special R&D capabilities. Therefore, sourcing of some R&D activity 
will be a necessity—perhaps just in the short run—for obtaining the right 
knowledge input or technology to utilize knowledge produced in-house and to facil-
itate progress. 
 

The public debate on outsourcing often focusses on simple cost consideration, i.e. 
that especially wage costs are found lower internationally. When it comes to cost 
considerations, however, we know that Danish firms most often prioritize the ne-
cessity for incremental knowledge or technology when choosing to source R&D, but 
they seldom prioritize wage cost reductions. According to a survey of Danish R&D 
firms, the access to the right, best and necessary knowledge, which can improve a 
product or reduce time to market, most often outweighs the direct cost reductions 
of hiring cheaper researchers. Hence, the market for outsourcing of R&D works 
considerably different than the market for outsourcing of production. (DASTI, 
2015). 
 
We investigate whether it is likely that firms have intensified their R&D sourcing 
because of expectations higher returns, by empirically estimating—or testing for—
differential returns to in-house R&D and R&D sourcing. Finding evidence of higher 
returns to sourced R&D would support, the idea of higher expected returns and 
thus a motivating factor to intensified use of sourced R&D. However, our results 
suggest that this is not the case. Our results range from no statistical difference in 
returns to R&D to lower isolated return on invested Danish kroner on sourced R&D 
compared to in-house R&D. These results are in-line with complementarity proper-
ties of in-house and sourced R&D—i.e. that sourced R&D is a necessity for maxim-
izing the potential added value of utilizing in-house knowledge. However, we do 
not formally test complementarity in this study. 
 
The results are based on a sample of firms that represent about 70% of total Danish 
R&D expenditure during 2007-2011. These firms were selected from strict criteria 
to enforce that we were more certain of computing knowledge capital stocks for 
firms continuously investing in R&D. 
 
Working intensively with the data to set up a stable and credible sample, we 
learned some valuable lessons: 
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- The firms sampled in the RDI-survey directly allow us to make firm macro 
conclusions, because large firms measured by R&D most often are large 
firms or in the R&D sector and are therefore not randomly sampled. At the 
macro level (i.e. using the sample weights of the RDI-survey), in 2011, an 
estimated total of more than 2,000 Danish firms performed R&D in-house. 
The sample directly asks about 1,000 of them. These 1,000 firms cover 86% 
of total estimated in-house R&D by Danish firms, 91% of total R&D sourc-
ing including, 94% of concern group internal sourcing and 89% of concern 
group external sourcing. 

- Cross-correlations of R&D expenditure types suggest that R&D sourcing, and 
especially concern group external sourcing, is quite common among firms 
that host in-house R&D production. However, most the value of the sourced 
R&D can be found among the largest firms measured by in-house R&D: 

o The 50 largest firms (by in-house R&D) in sample represent 85% of 
total concern group internal R&D sourcing. 88% of this souring 
comes from suppliers abroad. Thus, concern group internally 
sourced R&D is predominantly a large firm phenomenon of sourcing 
from subsidiaries or parent firms abroad. 

o The 50 largest firms (by in-house R&D) in sample represent 72% of 
total concern group external R&D sourcing. 70% of this sourcing 
comes from suppliers abroad. The macro average of international, 
external sourcing is 58%, implying that the main producers of Dan-
ish business R&D as a group on average source external R&D more 
internationally than the remaining group of Danish R&D sourcing 
firms. However, not as intensively as they source internal R&D. 
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Appendix 
 

 

Table 11 Estimating differential impact of sourced R&D on value added 

  Dependent variable: value added 

ln(In-house R&D stock) 
0.164*** 

(0.0126) 

0.170*** 

(0.0113) 

0.165*** 

(0.0113) 

0.159*** 

(0.0121) 

0.162*** 

(0.0115) 

0.163*** 

(0.0123) 

0.156*** 

(0.0111) 

Sourcing ratios               

External R&D sourced domestically 
0.0916 

(0.264) 
            

External R&D sourced abroad   
-0.307 

(0.407) 
          

Sourced external R&D     
0.00508 

(0.203) 
        

Concern grp. Internal R&D sourcing       
-0.0195 

(0.188) 
      

R&D sourced abroad         
-0.0823 

(0.182) 
    

R&D sourced domestically           
0.104 

(0.213) 
  

Total  sourced R&D             
-0.0782 

(0.138) 

                

Observations 1989 1967 1997 1986 1987 1996 2020 

Adjusted R-squared 0.896 0.902 0.898 0.899 0.900 0.897 0.896 

No. of firms 557 550 560 556 556 560 568 

No. of firms that source R&D 114 41 133 53 75 122 164 

Median [VA/Gross R&D stock] 2.13 2.17 2.15 2.15 2.13 2.15 2.06 

Median return to gross R&D stock 20% 22% 20% 19% 20% 20% 17% 

Notes: Standard errors in parentheses, * p < 0.10, **  p < 0.05, ***  p < 0.01. The estimated elasticities are not robust to fixed 
effect (within) estimations (leaving out industry effects when controlling for firm effects), which produce considerably lower 
estimates. 
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Table 12 Estimating differential impact of sourced R&D on value added 

  Dependent variable: value added 

ln(In-house R&D stock) 0.171*** (0.012) 

Sourcing ratio   

Total  sourced R&D -0.357* (0.194) 

    

Observations 1777 

Adjusted R-squared 0.91 

No. of firms 524 

No. of firms that source R&D with a stock ratio to the gross 

R&D stock of minimum 10% and maximum 90% 
101 

Median of 

[Value added/Gross R&D stock] 
2.04 

Notes: Standard errors in parentheses, * p < 0.10, **  p < 0.05, ***  p < 0.01. 


