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innovation. The creative mixture of these three

1. Introduction

This research studies the role that human cap-
ital and relational capital play in innovation. To
this end, we use a general model for innovation
composed by one basic equation that has human
capital, technological capital and relational cap-
ital as endogenous variables in order to explain
! This research was supported financially by the Euro-
pean Regional Development Fund under the project
Dissemination and Networks of Knowledge in the
Atlantic Arc (K-Networks).

elements generates technological innovation. The
process is based upon the assumption that rela-
tional, cultural and regional institutional factors
contribute to a better understanding and support
of human and technological capital, eventually
working on innovation.

The adopted model will be estimated using
robust econometric techniques from the available
data panel for the period 2003-2009 on the vari-
ables involved for the countries belonging to the
Europe of the Fifteen (EU-15). Estimations of the
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model will then be compared for several alterna-
tive definitions of human capital, technological
capital and relational capital (open innovation
and in-house innovation), the comparison being
made by their impact on innovation production.
Finally, factors bearing on the production of hu-
man, technological and relational capital and the
generation of innovation among European coun-
tries will be analysed in detail, and some conclu-
sions will be extracted from the results obtained.

2. Literature review

The role of human and technological capital
in the innovation process has been a topic of in-
creasing interest and discussion among econo-
mists, geographers and other social researchers.
Some of the most outstanding studies of those
issues are listed below. At the beginning of eco-
nomic theory it was thought that regional or na-
tional natural resources were the main factor of
growth. Subsequently, natural resources were
replaced by all kinds of infrastructure, mainly
for transport, human-made. With the industrial
revolution and the subsequent theories of Solow
(1956, 1957), technological progress becomes
a key explanatory factor. Nowadays, after the
major contributions by Lucas (1988), we tend
to think that the main factor of growth is hu-
man capital, understood in a fairly broad sense.
When talking about human capital we should
not think exclusively of education, experience
and skills of the workforce; rather, innovative
capacity and human values should also be con-
sidered. Even in line with the New Institutional
Economics, we can think of the quality of insti-
tutions as a reason for economic growth. Basi-
cally these are factors of modern growth theory,
especially those developed from the mid-1980s
until today. Furthermore, in this regard, Solow’s
(1970) work stands out, which highlights the rel-
evance of the effect of technological change on
economic growth.

The studies by Jacobs (1961, 1969) focused on
the transference of knowledge in cities. In her
reasoning, cities played a crucial role in econom-
ic development through interactions among peo-
ple and the generation of new products and new
technologies.

Later, Romer (1986, 1987, 1990) establishes the
connection between knowledge, human capital
and economic growth through his endogenous
economic growth model, arguing that invest-
ments in human capital create externalities and
increasing returns.

The seminal endogenous regional model
of Lucas (1988) considers cities as transferring
knowledge and generating powerful human ex-
ternalities that increase productivity and boost
economic growth.

The connection between human capital and
regional growth is also supported by a large
body of empirical evidence studied at nation-
al and regional levels. In the same thread of
thought, recent research (Barro 1991, Black &
Henderson 1998, Eaton & Eckstein 1997, Glaeser
1998, 1999, 2000a, 2000b, Glaeser et al. 1995, 2001,
Glendon 1998, Rauch 1993, Simon 1998, Shapiro
2006, Young 1998) has tested Lucas’ hypotheses
empirically, stressing the role of human capital
and economic growth.

Berry & Glaeser’s (2005) work highlights
the growing gap in the levels of human capital
among regions in the USA over the past decades.

Finally, Florida (2002a, b, c, 2005a, b, 2006),
Stolarick & Florida (2006), Florida et al. (2010a,
b) and Mellander & Florida (2011) advocate the
need to better understand the factors that gener-
ate innovation. They have created a new concept
of relational capital which enables territories to
attract talent. Further, they conclude that inno-
vation operates as a dynamic flow rather than as
a static stock.

This paper argues that the key factors are col-
laborative relations existing among universities,
private companies and public administration. In
line with Leydesdorff’s (2005) triple helix model,
Warren et al. (2010) and Roth et al. (2011) con-
sider that the university provides a foundation of
human capital, scientifically trained, that, when
adequately related to private enterprise, can gen-
erate open innovation. However, it is still nec-
essary in the relationship between private com-
panies and public administration to implement
a discovery and make it real. In these circum-
stances, the link and liaison between human and
technological capital is relational capital, and the
link is collaborative and appropriate when it is
performed with innovation.
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3. The model

3.1. Structure

To shed light on these issues, we developed
a general model of innovation for European coun-
tries, with the aim of isolating and analysing the
independent effects of human capital, technologi-
cal capital and relational capital on innovation.

A schematic representation of the general
model of innovation is shown in Fig. 1. The ar-
rows identify the hypothesised structure of rela-
tionships between the key variables.

Next, we will proceed to estimate the contri-
bution of human capital, technological capital
and relational capital. We will use an aggregat-
ed production function whose variable to be ex-
plained is innovation or throughput, its explana-
tory variables being the three defined production
factors, viz. human capital, technological capital
and relational capital. Such a function will be of

the type:
£y, v, y)=1= v 5y 2y
(y>0,0,>0)

1)

In this equation, innovation is represented by
I, and it is explained by three production factors
as the effect of human capital, represented by v,
investment in technological capital, represented
by y,, and investment in relational capital, which
will be called y,. Formula (1) will now take loga-
rithms, obtaining the following form:

log I, =y+a,log vy, +a,log y,, +

to,log v, *e @

, t

where g represents errors in the econometric es-
timation, while the rest of the variables are as de-
fined previously.

The model helps to unravel the way of pro-
duction in an innovation approach. It also ena-
bles a simulation and analysis of the effect of
relationships (relational capital) as moulded by
various institutional and regional cultural factors
- for example, universities or private companies,
and the empathy and support of public adminis-
tration - on the geographical distribution of in-
novation.

Innovation

Relational
capital

Human
capital

Technological

capital

Fig. 1. Structure of the relationship of variables.
Source: own elaboration.

We have also included the innovation index
from Eurostat. This is an indicator based on the
number of patents registered and applied by the
EPO (European Patent Office) per million of the
population, our source being Eurostat and the
European Innovation Scoreboard.

This paper will use a set of econometric and
statistical techniques of panel data regression of
human capital, technological capital, relational
capital and innovation, in terms of the number of
patents, in order to study the nature of the causal
relations between the variables in the model de-
scribed above.

4. The data

In 2001, the European Commission, in order to
track innovation in Europe, suggested perform-
ing an annual report with innovation indicators
and their economic effects (European Innovation
Scoreboard, EIS). Thus, each year there were an-
nual reports with indicators by country (from
2003 to 2009), with 31 indicators. Also, every
two years (2004-2008) 15 indicators were created
sorted by European regions. In this paper, a com-
parison of the EU-15 countries is carried out us-
ing data extracted from these reports, the main
sources of which are the Eurostat databases.

4.1. Human capital

As previously mentioned, to obtain an index
of human capital in the EU-15, two indices were
combined: population aged 25 to 64 with ter-
tiary education (human capital 1) and share per
100 people between 25 and 64 involved in the
learning processes throughout their life (human
capital 2). All human capital data were extract-
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ed from the Eurostat and European Innovation Table 1. European indices for human capital

Scoreboard databases, and scaled from 0 to 10 in the EU_lS: -
points. Rank Humar; capital Humar; capital
Table 1 and Fig. 1 show that the magnitudes [ gi1and 74 10
for the European countries analysed reach both |5 gweden 70 8.7
the synthetic index of European human capital |3, Denmark 29 94
and the simple indices that compose them. 4. United Kingdom 5.5 8.7
It is worth noting the following results: 5. Ireland 3.6 9.3
1) The leading countries in terms of the synthetic | 6. Netherlands 29 8.8
index of human capital are Finland, Sweden, |7. France 4.0 7.5
Denmark and the United Kingdom. Three |8 Belgium 3.0 8.8
other nations - Ireland, The Netherlands and | 2- Luxembourg n.a. 7.6
France - also attain very high scores. 10. P"““_gal 10.0 3.9
2) Two countries obtain the highest scores in g éustrla >3 49
K . Germany 5 6.9
doctoral programmes (human capital 1) - 5 Spain 21 8.0
France and Ireland, closely followed by Den- 14. Ttaly 30 39
mark and the United Kingdom. 15. Greece 16 6.2

3) Two countries stand out in college graduates . _
. . Source: own elaboration (European Innovation Scoreboard
(human capital 2) - Finland and Sweden, fol-  and Eurostat data, 2009).

Human Capital
European Index

B o3
| R4
B s
B s-51

5-41

»

Fig. 2. Human capital European index of the EU-15.
Source: own elaboration.
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lowed by the United Kingdom, Austria and
Germany.

4.2. Technological capital

The following indicators were used to obtain
the synthetic index of technological capital: %
of GDP for public expenditure on R&D (techno-
logical capital 1) and % of GDP for private cred-
it (technological capital 2). The data concerning
technological capital 1 were extracted from the
Eurostat databases, while those for technological
capital 2 from the International Monetary Fund’s
International Financial Statistics. The data were
scaled from 0 to 10 points.

Table 2 and Fig. 3 show the magnitudes of the
European countries analysed that reach the syn-

Table 2. European indices for technological capital

in the EU-15.
Rank Tech capital 1 | Tech capital 2
1. Sweden 8.5 5.9
2. Denmark 7.1 10.0
3. Finland 8.2 39
4. United Kingdom 5.5 9.6
5. Netherlands 6.4 8.8
6. Germany 6.9 49
7. Austria 6.8 5.4
8. Spain 54 9.0
9. Ireland 41 9.9
10. France 6.3 4.9
11. Belgium 51 4.3
12. Luxembourg n.a. n.a.
13. Italy 4.8 4.8
14. Portugal 5.5 8.2
15. Greece 3.6 4.2

Source: Own elaboration (European Innovation Scoreboard, Eu-

rostat and IFM data, 2009).

Technological
Capital
European Index
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Fig. 3. Technological capital European index of the EU-15.

Source: own elaboration.
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thetic index of technological capital as well as the

different simple indices that compose them.

The main results obtained in relation to tech-
nology are:

1) In the sample of the European countries stud-
ied, Sweden, Denmark, Finland and the Unit-
ed Kingdom occupy the first positions in the
technological capital ranking, measured by
the synthetic indicator.

2) Seven other countries are reasonably well lo-
cated in relation to the synthetic indicator of
technology. Those are The Netherlands, Ger-
many, Austria, Spain, Ireland, Belgium, and
France.

3) In the last positions of the technological rank-
ing we find Italy, Portugal and Greece.

4.3. Relational capital

The synthetic index of relational capital is ob-
tained from the following two indicators: sum
of small and medium-sized enterprises with in-
house innovation activities (relational capital 1),
and sum of small and medium-sized enterprises
with innovation activities in collaboration with
other companies and institutions over the three
previous years. This indicator is a proxy of open
innovation (relational capital 2). All the relational
capital data were obtained from the Eurostat and
European Innovation Scoreboard databases, be-
ing scaled from 0 to 10 points.

Table 3 and Fig. 4 show the magnitudes of
those European countries analysed that reach the
synthetic index of relational capital as well as the
different simple indices that compose them.

The main results obtained for the relational
capital of the nations studied are:

1) Finland, Denmark, Austria and The Nether-
lands occupy the top positions, while Germa-
ny, Ireland, Sweden and the United Kingdom
follow them closely.

2) It should be noted that regarding relational
capital, Spain, Italy and Belgium occupy the
last positions.

3) The other countries are in the intermediate
section.

Table 3. European indices for relational capital

in the EU-15.
Rank Relational Relational
capital 1 capital 2
1. Finland 8.8 10.0
2. Germany 9.9 3.3
3. Denmark 8.8 5.4
4. Austria 8.9 6.5
5. Netherlands 5.9 45
6. Ireland 8.4 43
7. Sweden 9.0 6.0
8. United Kingdom 6.6 6.6
9. France 6.1 4.2
10. Greece 7.1 4.8
11. Portugal 74 24
12. Luxembourg n.a. 5.5
12. Spain 5.3 1.8
13. Italy 6.1 1.6
14. Belgium 3.3 1.4

Source: Own elaboration (European Innovation Scoreboard and
Eurostat data, 2009).

4.4. Variables used in the model

The variables used in the model are as follows:

- Dependent variable: innovation
The dependent variable used in the model to
approach production is the innovation index,
or an index of innovations implemented in the
real world; the proxy used is the number of
patents in the EPO (European Patents Office).
The independent variables are as follows:

- Human capital
To represent talent, we considered the human
capital index as the traditional or conven-
tional indicator of human capital, measured,
as mentioned, by the combination of two in-
dices: population aged 25 to 64 with tertiary
education (human capital 1) and share per
100 people between 25 and 64 involved in the
learning processes throughout their life (hu-
man capital 2).

- Technological capital
A technological variable is included in order
to take into account the independent effect
of technology on regional development. Be-
sides, the effect of each of the indicators used
is studied to obtain the technological capital
index. The composite index of technological
capital is the average % of GDP for public ex-
penditure on R&D (technological capital 1)
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and % of GDP for private credit (technological
capital 2).

Apart from using a technological platform
with human capital, it is still necessary to
account for the existence of a collaborative
environment of institutions and people, that
is, relational capital is needed, providing in-
novation. Up to the present moment, it has
not been proved that innovation is associated
with variables such as the degree of empathy
between private companies and universities,
public administration support, and the devel-
opment of collaborative services. Measures of
the relational capital variable will be included
in our model and analysis.

- Relational capital

Thus, relational capital is included, under-
stood not only as a reduction of barriers to
collaboration of human capital, but also to
collaboration among businesses and between
businesses and other entities. Relational capi-
tal within regions and a concentration of these
factors create an economic, social and cul-
tural environment more open to innovation.
Two indices are used: sum of small and me-
dium-sized enterprises with in-house innova-
tion activities (relational capital 1) and sum of
small and medium-sized enterprises with in-
novation activities in collaboration with other
companies and institutions over the three pre-

Relational
Capital European
Index

. 8-7.1
. 7-6.1
B s-s

5-4.1

bngss

Fig. 4. Relational capital European index of the EU-15.
Source: own elaboration.



12 MANUEL AGUEROS ET AL.

vious years. This indicator is a proxy of open
innovation (relational capital 2).

5. Results

5.1. Estimation model

The results of the estimations of the model
adopted relating to the innovation production
function are shown in Table 4.

The results obtained for the estimation of for-
mula (2) of the model referring to the innovation
production function are presented in Table 4. The
first equation (2.1) is estimated considering that
country-specific constants are randomised, ob-
taining the value of y* = 14.87, following Haus-
man (1978). In Table 4, the p-value for the Haus-
man test is 0.02<0.05, i.e. the null hypothesis is
accepted with random effects rejected, so fixed
effects must be chosen. Therefore it is necessary
to estimate the innovation production function
and fixed effects shown in equation (2.2).

From the results obtained in equation (2.2),
the following conclusions can be drawn:

A) Innovation can be reasonably explained by
three key variables - human capital (tertiary
education), technological capital, and rela-
tional capital (open innovation).

B) Technological capital factors play the most
significant role in the generation of innova-
tion with an estimated coefficient (elasticity)
of 0.739.

C) Human capital, in particular, was approxi-
mated using the values of tertiary education.
This plays a significant role in the generation

of innovation with an estimated coefficient

(elasticity) of 0.204.

D) Relational capital was approximated by the
indicator of open innovation. This plays a sig-
nificant role in the generation of innovation
with an estimated coefficient (elasticity) of
0.135.

To summarise, regions with lower barriers
and more human, technological and relational
capital have the characteristics required for inno-
vation.

6. Conclusions

This study proposes the existence of a new
driving mechanism of innovation generation
based not only on the accumulation of knowl-
edge, but also on collaborative relationships
between universities, private companies, and
public administration. The assumptions made
in a theoretical model of innovation, for the case
of the Europe of the Fifteen, are contrasted em-
pirically. It examines the economic geography of
human and technological capital in Europe, fac-
tors that define this geography, and the effects
of each of them on innovation in the European
countries. Definitely, this analysis has allowed us
to contribute to unravelling the complex web of
relationships between human, technological and
relational capital and innovation, clarifying key
aspects of the innovation model adopted.

The main conclusions of the modelling per-
formed are as follows:

A) With our databases concerning European
countries (the European Innovation Score-

Table 4. Estimation of the panel data (production function of innovation) (2003-2009).

Innovation (random effects) Innovation (fixed effects)

Explanatory variables Equation 2.1 Equation 2.2
Constant -1.199 (-3.068) -0.673 (-1.8430)
Human capital 1 (tertiary education) 0.246 (2.628) 0.204 (2.247)
Technological capital 1.008 (5.591) 0.739 (3.919)
Relational capital 2 (open innovation) 0145 (1.924) 0135 (1.977)
Observations 105 105
Statistic R? - 0.986
Hausman 1 14.87 -
p-value p 0.02 -

Source: own elaboration
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board) we have found empirical evidence that
human capital 1, particularly the core which
we have called tertiary education, better pre-
dicts innovation than other non-traditional
measures of talent based on university and
non-university educational levels.

B) Collaborative relationships between univer-
sities, private companies and public admin-
istration are significantly associated with the
generation of innovation.

C) The analysis shows that human, technological
and relational capital factors have a positive
and relevant role in the production of innova-
tion. Collaborative relationships are beyond
the market; however, they provide the link be-
tween innovation as an idea and its practical
implementation. Certain regional conditions
seem to play a significant role in the creation
of an environment or habitat that could link
human capital with technological capital, gen-
erating innovation. The three factors of hu-
man, technological and relational capital do
not operate in competition with each other; in-
stead, they tend to act by playing complemen-
tary roles in the economic growth process.

D) All these results lead us to the assertion that
innovation in Europe is the result of a cumu-
lative process that involves a combination of
relational capital as identified by Jacobs, Flori-
da, Clark and Glaeser, with the human capital
externalities identified by Lucas, Romer and
Glaeser, and the role of technological capital
reported by Romer and Solow. However, re-
lational capital is the factor which provides
the impetus for the implementation of inno-
vation.

Definitely, it should be concluded that inno-
vation among the European countries appears
within the process based on the following stages.
In the first, institutional and non-market factors,
such as collaborative relationships between uni-
versities, private companies and public adminis-
tration, positively affect the production of human
capital. In the second stage, the levels of human
capital and technological capital generate tech-
nological innovation. Finally, in the third stage,
higher levels of technological innovation lead to
higher income levels. The effects corresponding
to the human capital measures based on studies,

especially the so-called tertiary studies, are high-
er than those based on educational levels.

Summing up, the results obtained indicate that
the structure of relations between the discussed
factors and innovation in the EU-15 countries is
of great complexity. In this sense, it is highly rele-
vant to conduct future in-depth investigations to
further elucidate the numerous aspects treated in
this work, which will allow us to advance in the
knowledge of how those factors act on innova-
tion in the European countries.
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