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Abstract
Along with the development of  economies based on  knowledge, the importance 
of knowledge input in production processes has been increasing. Enterprises may ac-
quire knowledge input by developing their internal knowledge base and/or purchasing 
knowledge from external entities. Their internal knowledge base may be developed 
mainly by employing highly qualified specialists and their own research. The aim of the 
paper is to examine the importance of all these knowledge sources in manufacturing 
and services enterprises, as well as to compare their changing role with productivity 
performance in EU countries. It is based on data from the World Input-Output Data-
base, Eurostat, OECD and EU KLEMS. Thanks to the availability of relevant data, the 
analysed period covers the years 1995–2018. The study demonstrates that knowl-
edge base, developed through both internal and external sources, played a significant-
ly more important role in the EU-15 than in the EU-12, with a tendency to decrease 
these disparities (most visible with respect to KIBS input). The growing importance 
of an external knowledge base was more visible and stable in the EU-12 countries. 
R&D expenditures were an exception. The recent financial crisis heavily affected only 
external R&D expenditures. 
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Introduction

In today’s knowledge-based economies operating in a competitive global landscape, 
knowledge is an essential asset, a key for firms’ profitability and survival, to a greater 
extent than traditional production factors (Nonaka 1994; Dean and Kretschmer 2007). 
Thus, the ability to create and apply new knowledge is considered to be one of the pri-
mary sources of competitive advantage (Nonaka 1991; Mu et al. 2008).

Firms need to acquire new knowledge from numerous internal and external sources 
in order to constantly generate innovations and maintain their competitive edge (Cot-
ic Svetina and Prodan 2008; Santamaria et al. 2009; Basit and Medase 2019). Moreo-
ver, the development of knowledge-based economies, the information and commu-
nications technology (ICT) revolution, and increased competition made it necessary 
to reorganise production processes in order to increase their efficiency (Jones and 
Kierzkowski 1990; Baldwin 2014). As a result, the growing demand for business ser-
vices (in particular those related to new technologies and knowledge, which are called 
“knowledge-intensive business services” – KIBS) occurred, as well as the tendency 
to outsource business services. In the light of this phenomenon, the growing impor-
tance of knowledge input acquired from external sources should be expected.

The aim of the paper is to examine the changing role of the internal knowledge 
base and the acquisition of knowledge from external sources in manufacturing and 
service enterprises. I proposed three indicators to measure the importance of an in-
ternal knowledge base, and two indicators to measure knowledge acquired from ex-
ternal sources. Finally, the average annual growth rates of all indicators are compared 
with average annual productivity growth in the manufacturing and services sector, 
measured by total factor productivity (TFP), as the production of new knowledge to-
gether with the transmission of the existing knowledge are important drivers of pro-
ductivity performance (Bostian et al. 2020). To take into account the impact of the re-
cent financial crisis, the analysed period is divided into three sub-periods: 1995–2007, 
2008–2010 and 2011–2018/19 (these sub-periods cover different years with respect 
to different indexes depending on the period for which the relevant data is available). 
To compare the results for the ‘old’ and ‘new’ EU member states, the weighted aver-
ages for the EU-15 and the EU-12 are calculated (with weights assigned based on each 
country’s share in the EU-15’s and EU-12’s output respectively).

The paper is organised as follows. Section 2 reviews the related studies. Section 3 
describes the methodology and data source. Section 4 presents and discusses the em-
pirical results. Section 5 concludes.
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Literature review

High-skilled, professional employees represent the most important internal source 
of knowledge (Divanna and Rogers 2005; Gabcanova 2011). Based on their inter-
nal knowledge base, firms acquire knowledge through in-house R&D activities and 
by learning from continuous improvements in business processes. Firms may also de-
velop their knowledge base through education and training. 

If firms do not have an appropriate knowledge base inside the firm, they can ac-
quire it externally by cooperating with customers and suppliers, as well as other 
firms. Among the external sources of knowledge, inter-firm collaboration has re-
ceived the most widespread research attention, as a consequence of the dynamic 
development of outsourcing and the offshoring of business services since the 1980s. 
Nowadays, in order to bring new products, processes and services to the market, 
firms must mobilise a broad set of skills, which are often beyond their internal ca-
pabilities and which include not only technical skills but also market analysis, logis-
tics, and behavioural sciences. Outsourcing and cooperating with other firms ena-
ble enterprises to specialise and enhance their competitive advantage (Abramovsky 
et al. 2004), using their internal knowledge resources optimally and combining them 
with their partners’ specific competencies. In recent years, the range of business ser-
vices that have been subject to these processes has extended from simple, routine, 
and standardised tasks to KIBS, such as IT applications, finance and accounting, 
engineering, R&D, and human resources (Massini and Miozo 2010; Berchicci 2013; 
Garavelli et al. 2013). 

Firms may acquire knowledge from other private or public firms. In the first case, 
knowledge input is delivered by firms from the KIBS sector, while in  the second 
case, by universities or public research organisations (Keeble and Wilkinson 2000; 
Li et al. 2019). KIBS are increasingly recognised as important carriers of new knowl-
edge that is developed in upstream sectors and then diffused into other industries 
(Schricke et al. 2012), which determines their value added and productivity (Tomlinson 
2000; Baker 2007; Wyszkowska-Kuna 2016). KIBS may also be used to translate codi-
fied academic knowledge into practical and accessible know-how, to enhance product 
differentiation, and they may help companies to reduce costs by providing services 
more cheaply (Di Cagno and Meliciani 2005). 

Data and methodology

The study refers to the manufacturing and service sectors, and thus all indicators are 
calculated for the manufacturing sector (including all manufacturing divisions, i.e., 
D15-D37 according to NACE Rev. 1.1 and C10-C33 according to NACE Rev. 2) and for 
the service sector (including the service divisions except public services, i.e., G50-K74 
according to NACE Rev. 1.1 and G45-N80 according to NACE Rev. 2).
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The first indicator takes the form of the share of hours worked by high-skilled per-
sons engaged in total hours worked (HHS). The values of this indicator are presented 
in WIOD (2013), but they are available for individual manufacturing and service in-
dustries. Thus, it was necessary to calculate it for all manufacturing and service sec-
tors, according to the formula: 

100%i iI i I

ii I

HHS HEMP
HHS

HEMP
Î

Î

×
= ×
å
å

(1)

where HEMP = total hours worked by persons engaged1; I denotes the group of in-
dustries (i.e. M – the manufacturing sector and S – the service sector); and i denotes 
divisions according to the NACE classification.

The second index (PROFS) shows the share of Professionals in total employment 
in manufacturing and services (Eurostat 2020). It can be calculated for the period 
2008–2019.

The third indicator measures R&D expenditures in manufacturing and services. 
It is calculated as the ratio of R&D expenditures and gross output (ExR&D/GO – here-
inafter called the R&D index) based on data derived from the OECD STAN Database 
and Eurostat. 

The indicator measuring knowledge acquired from other firms takes the form 
of the share of KIBS input in total intermediate inputs. It is calculated according 
to the formula:

100%iI i I

ii I

IIK
IIKIBS

II
Î

Î

= ×
å
å

	 (2)

where II = all intermediate inputs derived from Use tables; IIK = intermediate inputs 
from KIBS sectors (J62–63 and M69–73); I and i denote as in formula (1). KIBS are 
defined as including the following divisions: Computer programming, consultancy 
and related activities; information service activities (J62–63); Legal and accounting 
activities; activities of head offices; management consultancy activities (M69–70); Ar-
chitectural and engineering activities; technical testing and analysis (M71); Scientific 
research and development (M72); Advertising and market research (M73) (Schnabl 
and Zenker 2013). This indicator measures the acquisition of knowledge input from 
external entities, which includes knowledge input acquired from both private and 
public enterprises. Separately, data on R&D intermediate input (hereinafter denoted 
as II72), which is a part of IIKIBS, is presented to compare the importance of expendi-
tures on R&D developed internally and purchased from external sources. The index 
1 The term ‘persons engaged’ is wider than the term ‘employees’ as it also includes self-employed 

and family workers (O’Mahony and Timmer 2009). 
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is also calculated as the ratio of R&D intermediate input and gross output – II72/GO 
(hereinafter called the IIR&D index) based on the formula:

72
& 100%I i I

i I

II
IIR D

GO
Î

Î

= ×
å
å

	 (3)

When calculating the last index, one has to face the problems arising from the 
change in the classification of R&D expenditures in national accounts (since 2009). 
ESA2010 has expanded the range of intellectual property products (intangible as-
sets) by including R&D. This means that, according to ESA2010, expenditures relat-
ed to R&D activities are treated as investment expenditures, and not as intermediate 
consumption (ESA1995). As a result, now both external and internal R&D are record-
ed together in the gross fixed capital formation account (GFCF), whereas R&D inter-
mediate input includes only expenditures incurred by the division M72 (Scientific re-
search and development – they may be called “pure R&D services”). This means that 
most external R&D is excluded from the II72 value.

Moreover, according to ESA1995, external R&D (II72) used to be assigned to each 
division – thus, it was possible to calculate their values in manufacturing and services. 
Since R&D have been classified in the GFCF account, they refer to the whole economy. 
Thus, in order to estimate the values of external R&D in manufacturing and services, 
first I calculated the shares of II72 that were incurred in manufacturing and services, 
as well as the shares of external R&D in total R&D (external and internal). Such calcu-
lations were made for each country in 2007 (the year before the ESA2010 regulations 
were introduced and before the outbreak of the recent financial crisis). Further, these 
shares were used to calculate which part of R&D GFCF should be assigned to external 
R&D, and which part of external R&D should be assigned to the manufacturing and 
service sectors. Finally, this value was added to II72 (“pure R&D services”) in manu-
facturing and services. Such calculations were made for the period 2009–2016. This 
ensures index comparability in the whole analysed period. The II72 value calculated 
using this method was also included in the IIKIBS value.

The values of HHS and IIKIBS are calculated based on data from the WIOD da-
tabase. It covers the period 1995–2009 (2013 Release), and 2000–2014 (2016 Release). 
The HHS values are available only in the WIOD 2013 Release. The IIKIBS values can 
be calculated for both periods. One should note, however, that the WIOD 2013 Re-
lease was developed based on NACE Rev. 1.1, while the WIOD 2016 Release is based 
on NACE Rev. 2. As a result, one can notice some changes in the way some services 
included in the KIBS category are classified. Moreover, data in the WIOD 2016 Release 
are more disaggregated than those in the WIOD 2013 Release. These change the defini-
tion of KIBS, thus making the results incomparable. Finally, one should note that the 
definition of KIBS according to the WIOD 2016 Release is more relevant as, to a larg-
er extent, it includes only those services that are knowledge-intensive, and therefore 
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I used data from the WIOD 2016 Release. Additionally, the ESA Input-Output tables 
(Eurostat) are used to extend the analysed period till 2016. The data on IIR&D was 
derived from the same sources.

Finally, the growth accounting framework (O’Mahony and Timmer 2009) is used 
to calculate changes in TFP (value-added based, in 2010 prices) on the basis of data 
derived from the EU KLEMS database (2017). 

Empirical results

In Table 1, the values of the HHS, PROFS and IIKIBS indexes in manufacturing and 
services in the EU countries are presented. In 2009 their values ranged as follows:

– HHS from 38% (Ireland) to 6% (Portugal, Bulgaria, Malta and Romania) in manu-
facturing and from 46% (Greece and Ireland) to 14% (Romania) in services, 

– PROFS from 23% (Finland) to 3% (Slovakia) in manufacturing and from 27%
(Finland and Sweden) to 15% (Slovakia) in services,

– IIKIBS from 14% (Ireland) to 1.5% (Cyprus) in manufacturing and from 28%
(Belgium) to 6% (Luxembourg) in services.

The HHS and PROFS indicators increased their values in all EU countries in man-
ufacturing (PROFS except Latvia), and in almost all EU countries in services. The 
strongest increase in the HHS value took place in Ireland (+23 pp in manufacturing 
and +21 pp in services), while the lowest was in Cyprus (+1 pp in manufacturing) 
and in Lithuania (-7.6 pp in services). The PROFS index recorded the highest growth 
in Finland (+11 pp in manufacturing) and Great Britain (+13 pp in services), while 
the lowest was in Latvia (-0.2 pp in manufacturing) and Greece (+3.8 pp). KIBS input 
also increased its share in total intermediate inputs in almost all EU-12 countries and 
most of the EU-15 countries, though the EU-15 average in manufacturing slightly de-
creased. The strongest increase in the index value can be noticed in Ireland (+6 pp in 
manufacturing) and Belgium (+7.3 pp in services).

All three indexes (Table 1) played a more significant role in the EU-15 than in the 
EU-12. Particularly high disparities are visible in manufacturing, where the EU-15 av-
erage values were about twice higher than those for the EU-12, with the highest dispar-
ity in the case of IIKIBS. The disparity between the EU-15 and the EU-12 in services 
was much less significant. In both groups, one can notice some exceptions – Portugal 
and Italy reached low values among the EU, while in Estonia (HHS), Lithuania and 
Slovakia (PROFS in services) and Malta (IIKIBS in services) the situation was the 
reverse. All indexes (except PROFS) recorded stronger increases in the EU-12 than 
in the EU-15. 

The values of all indexes in services were higher than in manufacturing, with the 
highest disparity in the case of KIBS input. Moreover, this is more visible in the EU-12 
than the EU-15 due to the relatively low values of all indexes in manufacturing in the 
EU-12 in comparison with the EU-15 countries.
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Table 1. The values of the HHS, PROFS and KIBS indexes in (%) and their changes (in pp) in the periods 
covered by the study in manufacturing and services in the EU countries

Co
un

tr
y

HHS PROFS IIKIBS
20

09

Ch
an

ge
a

20
09

Ch
an

ge
a

20
19

Ch
an

ge
a

20
19

Ch
an
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a

20
16

Ch
an
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20
16

Ch
an

ge
a

Mb Sb Mb Sbc Mb Sb

AUT 15 8 19 8 10 6 18 5 6 –0.1 22 2.6
BEL 15 5 32 13 12 5 22 7 7 2.1 28 7.3
DNK 25 11 27 7 15 7 23 7 4 –0.6 14 1.6
FIN 32 9 41 5 23 11 29 11 12 –2.8 19 4.7
FRA 27 12 39 14 11 0 21 8 10 0.3 20 3.8
GER 24 6 30 9 13 4 17 5 7 –0.5 19 2.0
GBR 27 11 35 13 20 10 25 13 6 0.8 21 1.9
GRC 14 5 46 15 8 3 18 4 5 –1.3 8 0.7
IRL 38 23 46 21 16 5 23 7 14 5.7 13 –8.8
ITA 8 5 27 12 5 2 16 4 8 –0.1 18 –0.8
LUX 23 8 41 19 23 5 – – 2 –1.1 6 –0.9
NLD 22 11 36 15 17 8 25 10 7 –4.1 21 –0.4
PRT 6 3 15 6 6 4 21 – 3 0.1 18 –0.6
ESP 31 15 42 19 9 4 15 5 4 0.5 13 1.8
SWE 17 8 29 14 12 3 29 7 10 –2.6 18 0.4
BGR 6 3 19 10 5 0 – – 2 0.5 11 3.6
CYP 17 1 48 –3 8 6 – – 2 0.2 19 5.7
CZE 9 3 26 9 6 3 19 5 4 1.4 17 3.0
EST 25 4 43 –1 9 4 – – 4 –0.6 12 2.2
HUN 12 4 24 9 8 2 17 5 3 0.6 16 2.5
LTU 22 7 40 –8 9 2 22 5 2 –0.1 11 0.5
LVA 18 5 33 –1 5 0 – – 3 0.1 13 2.8
MLT 6 3 18 8 11 5 – – 5 –2.2 23 1.9
POL 15 8 35 12 9 3 21 8 4 0.0 16 1.0
ROU 6 3 14 4 9 1 17 4 5 2.4 15 6.9
SVK 8 2 26 10 3 0 15 – 3 0.0 17 2.6
SVN 15 6 31 12 11 5 22 9 5 0.7 18 0.9
EU15 22 9 34 13 12 4 20 8 7 –0.2 19 1.5
EU12 12 5 29 9 8 2 19 6 4 0.6 16 2.1

a Changes in the following periods: HHS 1995–2009; PROFS 2008–2019; IIKIBS 2000–2016. 
b M – manufacturing; S – services. 
c Excluding Accommodation and food service activities; and Real estate activities.
Source: own calculations based on data derived from WIOD 2013, 2016; Eurostat 2020a.
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Table 2. The values of the IIR&D and R&D indexes (in %) and their changes (in pp) in the periods 
covered by the study in manufacturing and services in the EU countries 

Co
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y

IIR&D R&D
M Sa M Sa
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AUT 0.6 0.0 0.2 0.1 2.7 0.9 0.7 0.9 0.5 0.4
BEL 1.2 0.7 0.2 0.1 2.0 0.5 0.4 0.8 0.5 0.4
DNK 0.5 0.3 0.3 0.2 3.2 – 0.1 0.9 – –0.3
FIN 3.3 –0.2 0.1 –0.1 2.2 0.5 –0.3 0.8 0.4 0.2
FRA 2.6 –0.4 0.3 –0.1 2.1 – 0.2 0.8 – 0.2
GER 0.7 0.0 0.1 0.0 3.0 0.5 0.4 0.4 0.3 0.2
GBR 0.4 0.1 0.3 0.1 1.9 – 0.3 0.7 – 0.1
GRC 0.0 0.0 0.2 0.0 0.5 0.3 0.3 0.4 0.4 0.4
IRL 4.0 1.6 1.5 0.9 0.6 –0.6 –0.2 0.5 0.4 0.3
ITA 1.3 0.4 0.3 0.1 1.1 0.4 0.4 0.3 0.2 0.1
LUX 0.1 0.0 0.01 0.0 – 0.0 0.0 0.1 – 0.1
NLD 1.9 –1.2 0.3 –0.2 1.5 – –0.2 0.5 0.3 0.2
PRT 0.3 0.0 0.3 –0.1 0.6 0.5 0.4 0.5 0.4 0.3
ESP 0.8 0.1 0.4 0.0 0.7 0.2 0.1 0.4 0.3 0.2
SWE 1.6 0.1 0.6 0.0 3.2 – 0.2 1.3 – 0.4
BGR 0.1 0.0 0.02 0.0 0.3 – 0.2 0.4 – 0.3
CYP 0.0 0.0 0.04 0.0 0.4 – 0.2 0.1 – 0.1
CZEb 0.8 0.3 0.1 0.1 0.7 – 0.1 0.6 – 0.4
EST 0.1 0.0 0.1 0.0 0.4 – 0.0 0.4 – 0.1
HUN 0.4 0.1 0.5 0.0 0.6 0.2 0.3 0.7 0.7 0.6
LTU 0.1 0.0 0.1 0.0 0.2 – 0.1 0.3 – 0.2
LVA 0.1 0.0 0.3 –0.1 0.2 – 0.1 0.1 – 0
MLT 0.0 0.0 0.02 0.0 0.4 – –0.1 0.2 – 0.1
POL 0.3 0.0 0.2 0.0 0.4 0.1 0.1 0.5 0.4 0.5
ROU 0.2 0.0 0.2 –0.1 0.2 –0.3 –0.1 0.2 0.1 0.2
SVK 0.1 –0.2 0.2 –0.2 0.4 0.1 0.2 0.2 –0.1 –0.1
SVN 0.7 –0.1 0.3 –0.1 1.6 0.9 0.8 0.5 0.4 0.2
EU15 1.2 0.0 0.3 0.03 2.0 – 0.3 0.6 – 0.2
EU12 0.4 0.1 0.2 –0.02 0.5 – 0.1 0.4 – 0.3

a Data on services excluding Real estate (Germany), Transportation and storage (Poland), and Publishing, 
motion picture, video, television programme production; sound recording, programming and broadcasting 
activities (Ireland) in the years 2015–2017. 
b Czechia (2000–2007).
Source: own calculations based on data derived from WIOD 2013, 2016; OECD 2020; Eurostat 2020b.

In Table 2, one can find the values of the two indexes used to compare the role of ex-
ternal and internal expenditures on R&D activities. Both indexes reached values below 
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1% in most EU countries in 2016/17. Higher index values can be noticed in the following 
countries: of IIR&D in Ireland (both sectors), Belgium, Finland, France, Italy, the Neth-
erlands and Sweden (in manufacturing), and of R&D in most of the EU-15 countries and 
Slovakia (in manufacturing) and Sweden (in services). The values ranged as follows:

– IIR&D from 4% (Ireland) and 0% (Greece, Cyprus and Malta) in manufacturing 
and 1.5% (Ireland) to 0.01% (Luxembourg) in services,

– R&D from 3.2% (Denmark and Sweden) to 0.2% (Lithuania and Latvia) in man-
ufacturing and from 1.3% (Sweden) to 0.1% (Cyprus and Latvia) in services.

One can notice that internal R&D expenditures played a more important role than 
external ones in almost all EU countries with respect to both manufacturing and 
services. The situation was the reverse only in some of the EU-15 countries (in Ire-
land in both sectors; in Belgium Finland, France, Italy, the Netherlands, and Sweden 
in manufacturing; and in Latvia in services). 

The values of the IIR&D index increased or stayed at a similar level in most of the 
EU countries. A downward trend is visible in six countries. The biggest change in the 
index value took place in Ireland (+1.6 pp in manufacturing and +0.9 pp in services), 
while the strongest decline was in the Netherlands (-1.2 pp in manufacturing). 

Both indexes recorded much higher values in the EU-15 than in the EU-12 – in the 
case of IIR&D, it was three times higher and in the case of R&D, four times higher. 
This proves that the R&D disparity between the EU-15 and the EU-12 is much more 
significant than with respect to the indexes presented in Table 1. This was the case 
only in manufacturing.

The IIR&D index in manufacturing reached four times higher (EU-15) / twice 
(EU-12) higher values than in services, and the R&D index in manufacturing record-
ed three times higher value than in services (EU-15). This proves that R&D expendi-
tures in manufacturing played a much more important role than in services.

The average annual growth rates of all indexes in the following sub-periods are pre-
sented in Table 3. The HHS index increased its value in almost all EU countries through 
both periods. During the pre-crisis period, the index value declined only in Lithuania 
and Latvia (in services). What is worth mentioning is that the growth rates during the 
crisis period were usually significantly higher than during the pre-crisis period (in the 
EU-12 three/four times higher). The situation was similar regarding the PROFS index, 
i.e., an upward trend prevailed. During the post-crisis period, the index value declined 
only in Bulgaria and Latvia (in manufacturing). The index growth rates in the EU-12 
were usually higher than in the EU-15, and they usually reached similar values in both 
periods (except manufacturing in the EU-12 where it increased from 0 to 4 pp). 

As far as the IIKIBS index is concerned, an upward trend prevailed through all pe-
riods only in some of the EU countries (7 in manufacturing and 11 in services, main-
ly the EU-12). In general, the index value increased in most of the EU-12 countries, 
and the strongest growth took place during the pre-crisis period. One should note 
that the index growth rates in some of the EU-12 countries were really impressive 
then (e.g. in manufacturing: 50 pp in Romania, 34 pp in Lithuania, 32 pp in Czechia, 
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25 pp in Hungary; and in services: 58 pp in Romania, 27 pp in Latvia, 22 pp in Bul-
garia, 18 in Czechia). As a result, the EU-12 index average growth rates reached the 
highest values (16 pp in manufacturing and 12 pp in services). 

An  upward trend continued during the crisis period, but it  was much weaker. 
In the EU-15 countries, the situation was similar, but only regarding the service sector.  
The index growth rate in manufacturing was negative (due to its sharp decline in Fin-
land and Sweden, as well as a downward trend in three large countries, i.e., Germany, 
Italy, and Spain). Surprisingly, this trend was reversed already during the crisis period. 
The post-crisis period was characterised by much higher growth rates than the crisis 
period (2–3 times higher), though in the EU-12 they did not reach the pre-crisis val-
ues. This was the case only in manufacturing as the index growth rates in the services 
sector declined in the post-crisis period (it even reached a negative value in the EU-15). 
In general, the index values in the EU-12 were higher than in the EU-15.

During the pre-crisis period, the IIR&D index declined or did not change its value in al-
most all EU-15 countries (the average growth rate remained unchanged). The tendency was 
the reverse in the EU-12, but the average growth rate was low (1 pp). During the crisis peri-
od, the index value declined significantly in most of the EU countries (more heavily in the 
EU-15 and in manufacturing). An upward trend returned in the next period, and what 
is worth stressing, the growth rates were higher then than in the pre-crisis period. Ireland 
and Hungary (in manufacturing) and Sweden (in services) stood out due to the relatively 
high and stable growth rates of both indexes through the whole analysed period. Final-
ly, the R&D index recorded an upward trend throughout all periods. In some cases, the 
growth rates were very high. One should note, however, that the index values were usually 
low and, in such a case, even a small increase (e.g. +0.1 pp) may result in a relatively high 
growth rate. In general, the EU-15 experienced higher growth rates than the EU-12. 

To sum up, IIR&D is the only index that recorded negative growth rates during the 
crisis period. During the non-crisis periods, the highest growth rates can be assigned 
to IIKIBS in both groups of countries and to R&D in the EU-12. 

Table 3. Average annual growth rates of the HHS, PROFS, IIKIBS, IIR&D, R&D indexes (in pp) 
in the three sub-periods in manufacturing and services in the EU countries 

Index HHS PROFS IIKIBS IIR&D R&D
Perioda I II II III I II III I II III I II III
Country Manufacturing
AUT 6 8 5 6 2 –1 5 –1 –19 4 2 3 4
BEL 2 –5 2 3 7 28 15 0 8 7 –1 4 4
DNK 4 5 13 2 0 –5 –10 7 –10 3 – 0 1
FIN 2 10 9 4 –15 10 –10 –2 –31 –6 4 8 –6
FRA 4 5 1 0 4 –6 8 0 –14 2 – 1 2
GER 2 8 6 1 –5 0 8 –1 –19 2 –1 3 3
GBR 5 –2 –1 1 9 6 4 0 –15 –1 – –1 6
GRC 4 –5 –6 2 18 –5 –19 – – – 3 – 8
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Perioda I II II III I II III I II III I II III
IRL 6 11 11 1 7 65 30 6 8 8 –4 –3 –3
ITA 7 –1 –4 4 –4 –2 12 0 –28 1 0 9 4
LUX 2 46 –28 2 –31 36 –18 –4 19 7 – – –
NLD 5 2 5 4 0 –18 –15 0 –21 –1 –1 0 2
PRT 4 15 –5 5 13 –1 –1 1 –28 –4 12 –1 1
ESP 5 6 11 3 –2 14 4 0 –19 4 3 –3 0
SWE 6 6 1 3 –15 –13 11 –1 0 7 – 4 –1
BGR 4 15 3 –1 15 21 –1 –4 –37 2 – –7 33
CYP 0 8 10 10 16 –11 –3 – – – – –4 20
CZE 2 12 –8 9 32 13 5 1 –29 5 –3 1 5
EST 1 2 12 4 –6 1 4 5 –33 5 – 50 –22
HUN 2 5 3 3 25 –20 24 3 11 6 2 3 3
LTU 2 4 0 1 34 –6 3 4 –61 –1 – –3 11
LVA 2 –10 9 –4 16 –2 –5 0 –2 4 – 50 –3
MLT 4 15 2 7 –35 4 14 – – – – –1 –4
POL 5 9 3 3 –4 4 2 2 –4 –2 –7 8 16
ROU 4 15 –1 1 50 12 7 2 –8 9 –7 –2 1
SVK 1 6 6 0 8 3 30 –8 –17 1 –9 24 14
SVN 3 12 1 4 4 2 4 –1 –23 1 3 14 –3
EU15 4 4 3 2 –1 2 6 0 –18 2 – 3 3
EU12 3 10 0 4 16 4 8 1 –13 3 – 7 9

Services 
AUT 5 1 – 4 9 0 2 1 –9 3 7 7 1
BEL 3 7 5 4 21 9 6 –1 18 5 2 9 7
DNK 2 –3 4 1 12 –4 –4 5 –12 2 – –6 –2
FIN 1 5 1 3 3 21 7 –4 –32 –11 6 –5 1
FRA 3 4 – 5 11 1 2 1 –10 0 – 11 0
GER 2 7 3 1 11 –3 3 –2 –20 1 10 11 3
GBR 3 5 3 1 3 1 –1 –2 –28 –2 – 0 –1
GRC 2 12 0 1 23 2 –4 3 –42 0 6 – 16
IRL 4 1 1 1 3 –20 2 16 –18 –1 – – –4
ITA 5 –4 –1 3 –2 9 –8 –1 25 –1 9 4 6
LUX 3 7 – – –27 1 2 –9 27 –6 – – –
NLD 4 1 2 3 0 5 –10 –1 –3 –2 5 6 0
PRT 3 2 – – –3 0 3 –2 –25 –2 21 2 –2
ESP 4 4 3 3 0 16 0 2 –35 3 12 13 –1
SWE 4 3 –2 3 –6 4 4 3 45 2 – –6 9
BGR 4 3 – – 22 29 –1 –4 –28 1 – 69 5
CYP 0 –1 – – 14 2 2 4 –7 –5 – –9 20
CZE 2 7 –5 5 18 5 –5 2 –24 9 – 8 5
EST –1 6 – – 10 5 7 5 –27 3 – 9 –3
HUN 3 1 4 2 9 8 4 0 –18 8 18 53 9
LTU –1 5 9 3 15 –4 –6 1 –53 –2 – 28 6

HHS PROFS IIKIBS IIR&D R&D
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Index HHS PROFS IIKIBS IIR&D R&D
Perioda I II II III I II III I II III I II III

LVA –2 18 – – 27 4 4 –2 4 1 – 3 –2
MLT 4 9 – – –8 4 4 –5 –33 –4 – 17 6
POL 3 12 5 4 –1 6 1 3 3 –1 8 0 24
ROU 2 4 4 1 58 0 0 –1 –4 5 –2 5 11
SVK 3 10 – – 13 2 21 –5 –14 1 –5 2 6
SVN 4 1 1 2 –1 5 3 –2 –22 2 4 41 –7
EU15 3 4 2 3 6 3 –0.3 –0.1 –11 2 – 7 2
EU12 2 8 3 3 12 5 2 1 –11 12 – 12 12

a I – 1995–2007 or  2000–2007 (depending on  the period for which the relevant data is  available); 
II – 2008–2010; III – 2011–2016/19 (depending on the period for which the relevant data is available.
Source: own calculations based on data presented in Tables 1–2.

As far as individual countries are concerned, Ireland and Finland stood out. Ire-
land recorded the highest values of the following indexes: HHS, IIKIBS (in manufac-
turing) and IIR&D, as well as the highest dynamics of IIKIBS (in manufacturing) and 
IIR&D. Moreover, it was the only country where external R&D played a much more 
important role than internal ones in both sectors. Finland recorded the highest value 
of PROFS, the second-highest of IIKIBS and among the highest values of other index-
es (high dynamics of PROFS in manufacturing and IIKIBS in services, whereas there 
was a sharp decline of IIR&D). The relatively high values of all indexes and usually 
their high dynamics can also be noticed in Great Britain (except IIR&D in manufac-
turing) and France. 

Among the EU-12, it is more difficult to identify the leading countries, as the variation 
within this group is usually less visible than in the EU-15. Malta and Slovenia recorded 
the highest values of PROFS and IIKIBS, Estonia of HHS and Hungary of R&D (both ex-
ternal and internal). While taking into account the dynamics, Romania stood out with its 
high growth rates of IIKIBS – during the pre-crisis period it was four times higher (man-
ufacturing) / three times higher (services) than the EU-12 averages. The high growth 
rates of IIKIBS through all periods can be noticed in Czechia, Hungary (except the crisis 
period), Romania, Slovakia (only in manufacturing) and in Estonia, Hungary, Latvia, 
and Slovakia (only in services). Cyprus recorded the highest growth rate of PROFS (only 
in manufacturing) and Hungary of R&D (both external and internal). 

In Poland, three indexes, i.e., HHS, PROFS and R&D, recorded higher values and 
dynamics than the EU-12 average. One should note that during the post-crisis peri-
od, Poland experienced the highest growth rate of R&D in services (24 pp) and its 
third-highest rate in manufacturing (16 pp), but the R&D value in manufacturing was 
still five times lower than the EU-15 average. The IIKIBS values reached the EU-12 av-
erage, while its dynamics was usually far below the EU-12 average. 

Finally, the Pearson correlation coefficient was used to examine the correlation be-
tween the average annual growth rates of each index and TFP in the three following 
sub-periods (Table 4). The results proved that the growth rates of IIR&D and PROFS 
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were positively correlated with the growth rates of TFP – in the first case, a stronger 
correlation took place in services, while in the second case, the situation was the re-
verse. A higher correlation between the growth rates of IIR&D and TFP in the ser-
vices sector than in manufacturing is because service companies usually do not have 
their own research base to conduct their internal R&D activities, and therefore, they 
outsource them more often than manufacturing companies. 

Table 4. Average annual TFP growth rates in the EU countries in the period 1995–2015 (in pp) 

Country
Manufacturing Services

1995–2007 2008–2010 2011–2015 1995–2007 2008–2010 2011–2015
AUT 2.6 –2.4 0.7 0.6 0.3 0.3
DNK 1.3 1.4 3.1 0.2 1.0 0.5
FIN 6.4 –4.5 –0.6 1.3 –1.5 –0.5
FRA 2.9 1.9 1.1 2.0 –1.0 0.3
GER 3.1 1.1 0.5 1.3 –2.0 0.8
GBR 2.3 1.8 –0.1 1.1 0.6 0.7
GRC 1.0 –4.6 1.1 0.4 –4.5 1.7
ITA 0.5 0.2 1.0 –0.2 –0.8 0.2
LUX 1.4 –3.8 8.5 0.5 0.1 –0.5
NLD 2.8 –1.3 0.6 1.0 –0.9 0.9
ESP 0.0 –0.6 3.0 –0.6 –0.7 1.1
SWE 4.0 1.3 –1.1 1.1 –2.5 2.2
CZE 4.8 1.3 –0.4 0.7 –1.6 2.4
EST 0.7 3.9 3.5 4.2 –0.5 1.1
HUN – – 0.3 – – 0.9
LTU 5.0 0.9 4.4 2.9 –4.8 1.4
POL 8.4 5.3 2.2 3.1 0.0 –0.8
SVK 8.4 6.5 5.9 2.4 –2.2 1.2
SVN 5.3 –0.2 1.1 2.1 –2.8 0.7
EU12 2.3 0.6 0.8 0.9 –1.0 0.7
EU6/7 6.1 3.4 1.9 2.1 –0.9 0.3

GBR – 1997–2007  and  2011–2014; GRC, ITA, SWE – 2011–2014; NLD – 2000–2007; EST, LTU, 
SVN – 2000–2007; POL – 2003–2007; SVK – 2004–2007.
Source: own calculations based on data derived from EU KLEMS 2017.

The negative correlation between the growth rates of R&D and TFP in services may 
indicate that the service industries that experience TFP growth (i.e., information and 
communication services, financial services, retail and wholesale trade, real estate ac-
tivities – see Wyszkowska-Kuna 2019) shifted from internal to external R&D activ-
ities during the periods covered by the present study. The correlation between these 
variables in manufacturing companies appeared to be very weak, which may result 
from the fact that in general the higher TFP growth rates usually occur in less tech-
nologically advanced companies that catch up with more advanced companies. One 
should note, however, that less developed companies do not have their own research 
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base, and thus, if they do R&D activities, they also outsource them. Moreover, there 
may be other sources of their productivity improvement, as many different factors af-
fect TFP growth (Wyszkowska-Kuna 2016). As far as the growth rates of IIKIBS are 
concerned, a weak positive correlation with the TFP growth rates is visible but only 
during the pre-crisis period. While dividing the sample into the EU-15 and EU-12, 
some better results are obtained for the EU-12, which is due to this group’s stronger 
reliance on external knowledge sources. What came as a surprise is that the correla-
tion was negative in the case of the HHS index. This may be explained as follows: the 
growing share of high-skilled hours worked resulted in a disproportionate growth 
of labour input costs, thus leading to the growing contribution of labour input and 
the decreasing contribution of TFP to valued added growth. 

Conclusions

Based on the study carried out in this paper, a few conclusions can be formulated:
1. Knowledge base, developed through both internal and external sources, played

a significantly more important role in the EU-15 than the EU-12, with a tendency 
to decrease these disparities in most cases (most visible with respect to IIKIBS). 
The highest disparities referred to R&D expenditures in manufacturing enter-
prises (both internal and external R&D), and in general, they were more visible 
in manufacturing than in service enterprises. Variation within the EU countries 
was high with respect to all indexes.

2. The development of an internal and external knowledge base took place through all 
periods covered by the study in both sectors and in both groups of countries. The 
impact of the recent financial crisis, resulting in lower but – what is worth stress-
ing – still positive growth rates, can be observed regarding KIBS expenditures 
in service enterprises (in both groups), as well as with respect to the share of pro-
fessionals in employment and KIBS expenditures in manufacturing (only in the 
EU-12). In the EU-12 countries, the post-crisis period restored higher growth rates 
in these fields, though not always at the pre-crisis level (KIBS expenditure). The 
opposite trend can be noticed in the case of KIBS expenditures in services. Exter-
nal R&D expenditures were the only knowledge source that was heavily affected 
by high negative growth rates during the crisis period. One should note that, at the 
same time, internal R&D expenditures enjoyed positive growth rates, meaning 
that the recent crisis significantly reduced the outsourcing of R&D activities. Such 
a trend occurred only during the crisis period as in the following years, the growth 
rates of expenditures on external R&D were higher than before the crisis. 

3. The growing importance of an external knowledge base is clearly visible in the
EU-12 (throughout all periods), whereas in the EU-15 it was less obvious and sta-
ble (it occurred in manufacturing in the pre-crisis period and in services in the 
post-crisis period). The situation was the reverse regarding R&D expenditures. 
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This means that the increasing trend and significance of accessing external suppli-
ers for undertaking R&D based on contractual modes, which has been discussed 
at length by innovation scholars (Howells 1999; Gassmann 2006; Martinez-Noya 
et al. 2012; Kamuriwo and Baden-Fuller 2016), is not confirmed by the findings 
of the present study. 

4. All indexes except R&D expenditures (both external and internal) recorded high-
er values in services than in manufacturing. This is due to the fact that, along with 
the structural transformation towards economies based on knowledge and inno-
vation, the growing use of services, especially those related to knowledge and new 
technologies, was observed. As a result, knowledge-intensive services, which are
classified based on the share of tertiary educated people (Eurostat 2020c), have be-
come the main driving force behind the shift to the new service economy. Moreo-
ver, the outsourcing of business services, including knowledge-intensive ones (the 
process that started before 1995 in high-income countries), reduced the employ-
ment of tertiary educated people in manufacturing enterprises. This explains the
higher values of HHS and PROFS in services than manufacturing. As far as KIBS 
input is concerned, one should note that among the industries with the most in-
tensive KIBS intermediate consumption, the following can be mentioned: finan-
cial services, telecommunication services, business services, wholesale and retail
trade and high-tech manufacturing (Wyszkowska-Kuna 2016). The share of these 
service industries in the service sector’s GDP (defined as including only services
of the business economy, as in the present study) is much higher than the high-
tech manufacturing industries’ share in the manufacturing sector’s GDP. The op-
posite trend regarding R&D expenditures results from a relatively lower reliance
on R&D activities within service enterprises in comparison with manufacturing
ones (Wyszkowska-Kuna 2013).

5. Ireland and Finland stood out with the highest importance of knowledge acquired 
from external and internal sources. Moreover, Ireland was the only country where 
external R&D played a much more important role than internal R&D. This may
be due to Ireland’s Research and Development Tax Credit2, as well as the strong
involvement of companies located in Ireland in global value chains, including
KIBS and R&D activities (Wyszkowska-Kuna 2018).

6. In Poland, the development of the internal knowledge base played a more impor-
tant role than the external one in the periods covered by the present study. All
indexes recorded values more characteristic for the EU-12 than the EU-15, quite
often at the level lower than the EU-12 average.

7. The growth rates of external R&D expenditures and professional employment ap-
peared to be positively correlated with productivity performance.

2 The tax (introduced in 2004) aims at encouraging both national and international companies to un-
dertake R&D activities within Ireland, and it is regarded as one of the best in the world.
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Streszczenie

Wewnętrzne i zewnętrzne źródła wiedzy w przedsiębiorstwach 
przetwórczych i usługowych. Analiza porównawcza krajów Unii 
Europejskiej

Znaczenie wkładu wiedzy w procesy produkcyjne wzrasta wraz z rozwojem gospo-
darek opartych na wiedzy. Przedsiębiorstwa mogą nabywać wiedzę poprzez rozwój 
własnej wewnętrznej bazy wiedzy i/lub przez nabycie wiedzy od zewnętrznych pod-
miotów. Wewnętrzna baza wiedzy może być rozwijana głównie poprzez zatrudnianie 
wysoko wykwalifikowanych pracowników oraz prowadzenie własnych badań. Ce-
lem pracy jest zbadanie znaczenia tych źródeł wiedzy w  przedsiębiorstwach prze-
twórczych i usługowych, a ponadto porównanie zmieniającej się ich roli ze zmiana-
mi w produktywności w krajach UE. Badanie oparte jest na danych pochodzących 
z World Input-Output Database, Eurostat, OECD i EU KLEMS. Z uwagi na dostępność 
danych, analizowany okres obejmuje lata 1995–2018. Badanie wykazało, że rozwój 
bazy wiedzy, zarówno przy udziale źródeł wewnętrznych jak i zewnętrznych, odgry-
wa dużo większą rolę w krajach UE-15 niż UE-12, z tendencją do zmniejszania się 
tych dysproporcji (najwyraźniejszą w  przypadku wkładu KIBS). Wzrost znaczenia 
zewnętrznych źródeł wiedzy był bardziej widoczny i  stabilny w  krajach UE-12 niż 
UE-15. Wyjątkiem były wydatki na działalność B&R. Wydatki na zewnętrzne B&R 
były jedynym źródłem wiedzy, które zostało mocno dotknięte przez ostatni kryzys 
finansowy.

Słowa kluczowe: wiedza, B&R, usługi, przetwórstwo, UE

Internal and External Sources of Knowledge in Manufacturing and Service Enterprises…




