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Abstract: The transition from the neoclassical model with exogenous
input of technological progress perspective toward R&D model with
endogenous growth of knowledge perspective is not completed, but the
premises of innovation, research, education, and entrepreneurship push
the limits of labour-intensive economy to knowledge-intensive
economy, where knowledge is a valuable resource for sustainable
growth in the long-run and the role of Intellectual Capital is critical for
increasing productivity and competitiveness. By introducing Intellectual
Capital in the endogenous growth model, instead of Human Capital, we
have the possibility to reflect better the difference between the market
value of production and physical value. In the technological era,
innovation and research are able to increase the market value compating
with the accounting value. In the 4th Industrial Revolution, this model
is able to be changed dramatically if we take into account the possibility
of machines to create knowledge through Artificial Intelligence, Internet
of Things, new biotechnologies, new materials, and nanotechnology.
For this reason, the more important action for the economic processes
is to manage knowledge, starting with increased awareness, accurate
measurement system, improved taxonomy, dedicated processes, and so
on. In such conditions, the equation of growth theory has to be
rewritten soon. The purpose of this research is not to provide a silver
bullet of measurement Total Factor Productivity (TEFP), but to
understand better the part of productivity dedicated to the intangible
and to validate this approach within the KEP model. Knowledge
Economy Pyramid (KEP) is a valuable environment for incubating and
accelerate knowledge in the process, as long as KEP model is creating a
collaborative environment whete the related stakeholders — universities,
factories, technology providers, government, administration, local
communities, clusters — are working together in order to achieve the
objective of increasing productivity and competitiveness.
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1. Introduction - Endogenous growth theory: Romer’s approach and
Knowledge Economy Pyramid approach

The founder of this theory, Paul M. Romer, is starting the rationale
within the microeconomic approach. The main question is: it is capable
knowledge in the process of production to increase the returns on capital?
That means the higher is the input of capital in the process, the bigger the
value of outputs is. From this perspective, Romer had included the Human
Capital in the whole capital, as a production factor. In such conditions, what
is the trigger to determine the entrepreneurs to invest in Human Capital?

The differentiation here, between the endogenous growth theory,
from a microeconomic perspective and the approach of this study with a
macroeconomic perspective, is to not limit the contribution of human being
just to the human capital, but consider Intellectual Capital with all the
components: Human Capital, Customer Capital, and Structural Capital [25].

Human Capital definition is depicting the human resources of an
organization at a certain level of education, skills, training, and behaviour
developed in order to create value-added. Completing the Romer’s theory,
knowledge methodology dedicates large resources of literature for describing
Human Capital, and the most relevant for this study is knowledge retention.
The layout of the global economy has changed in the last 3 or 4 decades,
after the inception of the endogenous growth theory. Today, in a gig
economy, human capital as a resource is very volatile, as long as the job
mobility of individuals is very high. For successful entrepreneurs, knowledge
as an endogenous factor of growth is no more doubt, but the challenge is to
retain knowledge into the organization.

Secondly, Customer Capital, as part of Intellectual Capital, describes
the ability of an organization to develop a trustworthy relationship with
beneficiaries. This is the reason why, Customer Capital is called Social
Capital, too. In the Digitalization Age, the relationship with customers
makes the difference of being competitive or not, on the market.

Finally, Structural Capital is consisting of the organizational culture,
the value of patents, the effectiveness of the decision-making process,
financial connections, and so on. Basically speaking, highly wvaluable
individuals in an organization are succeeding to increase the value of an
organization as a whole. Here, we can come up with the example of Apple,
Amazon, or Microsoft with over 1 trillion dollars market capitalization, but
the level of the physical assets is considerably lower.

Turning back to the theoretical endogenous growth model, an
entrepreneur is investing in education or research in order to obtain more
benefits, tangible and sometimes intangible ones. From a practical
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perspective, this situation doesn’t work in the short-run. In his
microeconomic approach, Romer is starting from several assumptions: pure
knowledge is non-rival, public, and non-excludable.

Knowledge is public because it could be used by anyone to achieve a
specific objective and it is non-rival because the use of knowledge by
someone is not diminishing the opportunity for others to use the same
knowledge. Moreover, in the Knowledge Management theory is well known
that knowledge is not a limited resource; it can be reused as long as that
knowledge is useful for other objective or another process [8].

In the real world, the knowledge capacity to be a public good is
affected by the copyright or patent, but in the long-run, most of the
knowledge is public at all. In these conditions, we can talk about the
availability of the knowledge and the speed to access it. So many times, to be
competitive on the market means to have full access to knowledge and an
optimal speed to make knowledge available.

Based on our point of view, it is important to find out if the ability
to use knowledge (access and speed) could hamper the capability to use
knowledge (skills and education). In other words, in a competitive world,
who is in pole position: the one with the ability to use knowledge or the
other with capability? The ideal model is to complete capability with the
ability and this is the reason why we state that neither ability nor capability
offers the maximum benefit of the knowledge. On the contrary, a model
where ability and capability act in the same environment, that model is
creating many opportunities for better outcomes and higher performance.

A downsizing of the competitive environment is the inclination of
competitors to protect excessively the knowledge and all the efforts to be
oriented to the protection of certain knowledge, which a passive approach,
instead of adding value to a public knowledge, which is an active approach.

From the Knowledge Management perspective, the second one is
the best because it takes into account the most important principle, sharing
knowledge. We are familiar with the old fashioned concept that knowledge
is power. This means the more we protect a unique knowledge, the more we
gain. In a Knowledge Economy, the more a piece of knowledge is shared,
the most powerful that knowledge is.

Anyway, in the endeavour to make knowledge productive in the
competitive world, we have to consider both perspectives: on the one hand
to offer protection to valuable knowledge in order to create an incentive for
knowledge providers, and on the other hand, to offer the possibility to
knowledge to be shared in such a way, people or entities with maximum
capabilities to have the ability to use that knowledge.
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Upfront, Romer is considering knowledge in his model as being
non-excludable, which means to give access to everyone to certain
knowledge. If knowledge is non-rival and non-excludable, only then we can
talk about knowledge as a public good.

From this perspective, our model Knowledge Economy Pyramid is
offering a tremendous important advantage because is introducing in the
equation of development by the use of knowledge, the government. One of
the roles of government in the KEP model is to mitigate rivalry and
excludability of knowledge in a competitive environment in such a way to
put knowledge at work with a maximum of prerogatives. The lever of
government in this circumstance is to offer incentives or subsidies for
research and innovation providers to assure the total involvement on the
one hand, and to provide maximum access on the other hand. If the role of
government is harmonizing these interests quite divergent at a first stance,
the synergy is created through complementarity and the returns of ability
and capability to use knowledge are at the same time beneficial for the
government, too.

2. Problem Statement - Genesis of endogenous approach

We start from the assumption of Romer for knowledge as a public
good to be non-rival and non-excludable according to the concepts
developed before [5]. This creates the microclimate to understand the
endogenous R&D model. In the real world, up to a certain point, knowledge
is becoming not so non-rival and not so non-excludable, too. Moreover,
entering the nowadays global economy, where research and innovation are
the differentiator factors for sustainable growth, knowledge is treated as a
valuable resource, and then competitiveness considers the protection of
knowledge as part of the game.

In the KEP model, this area of diminishing non-rivalry and non-
excludability is mitigated by the government in such a way to assure as much
as possible the treatment of knowledge as a public good.

Considering the production function (F) where technological
advance which is non-rival (A) and rival input (X), then we have: F(A, AX) =
AF(A, X).

As we already mentioned, the neoclassical model [23] considers
technological progress as exogenous. Later on [3], it considers knowledge as
a public good, which means non-rival and non-excludable. Then,
technological progress was described as an evolutionary process based on
resource sharing between R&D and production of tangible goods [27].
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Technology is the result of human intervention in the process, not the result
of tangible assets [16].

The non-convexity is coming in the process because the non-rival
good A is an input in production. This fact reveals increasing returns
considering all the inputs together. For this reason, in the equation could be
introduced a replication argument because it is not necessary to have a non-
rival inputs replication [21].

On the skepticism side [14], there is a few evidence that intangible
cannot be measured, so that, including knowledge as endogenous factor, is a
cascade of assumptions until the end of the process.

Considering the endogenous growth theory and the KEP model
where knowledge is created in a collaborative environment, based on Cobb-
Douglas production function, then we talk about Intellectual Capital (I) of a
firm not only Human Capital, we have:

Yy, L) = L' LPE B2, x™F

Y = output; I = Intellectual Capital; L. = Labor; x = rival input; xi =
number of products

Completing the theory of growth, knowledge is seen here as an
endogenous factor which could be included in the production of outputs, by
developing new products or by increasing the value of outputs with the
contribution of Structural Capital and Customer Capital besides Human
Capital.

Regarding knowledge factor through Human Capital, the protection
of knowledge is increased in the global economy. In spite of this, knowledge
belonging to Structural Capital and Customer Capital is difficult to be
protected in an open and globalized economy. On the one hand, the ability
to sell, to attract prospects, develop business relationships, and so on, there
are more accessible to the public than patent and copyright, on the other
hand. So, we state that knowledge is partially excludable which is beneficial
in a competitive market, but the role of collaborative model is to enlarge the
access to the needed knowledge, at least for the stakeholders. If one of the
stakeholders is the government, then the possibility that knowledge to
become entirely public is increasing.

Knowledge as an endogenous factor in this model is not belonging
to the labour as intensive work of human being with all the physical capacity,
but knowledge part of capital which generates increasing marginal returns.
From this perspective, knowledge is a facilitator for increasing productivity,
and in an open economy, is concluded in increasing competitiveness.
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What is the difference between exogenous and endogenous?

This parallel between knowledge and capital depreciation is the
essence of differentiating the old school economics and the new one. In the
Solow model, there is a diminishing of returns on capital during the process,
even though the capital input is increasing. In Romer’s model, the benefits
following knowledge use are increasing the returns. Finally, this statement is
the differentiation factor between endogenous growth theory and exogenous
one [1].

The conclusion of this comparison is that between investment in
education and accumulation of knowledge is a direct relation: the more
investment in education, the bigger the accumulation of knowledge. Further
on, we can say that between the accumulation of knowledge and returns on
capital there is a positive correlation: the bigger the accumulation of
knowledge, the higher the level of returns on capital. Closing the loop, a
higher level of returns on capital contributes to stronger investment in
education, and the cycle is restarting.

Extending the analysis, considering technological advance as an
input of knowledge, we have here 3 theories:

e neoclassical model with technological change as an exogenous factor
which generate level effect;

e modern theory with R&D input as an endogenous factor which
generates growth effect;

e the KEP model with knowledge ecosystem created which generates
synergy effect;

In the R&D model, Romer underlined the scale effect: the bigger a
society/country, the more R&D tesources are available, considering that a
big country could afford many more people for research and innovation.
From this perspective, Romer assumes that the bigger the population of a
country, the higher the rate of growth.

In the global economy, with fast and direct access to the
international market, this assumption is less obvious, as long as the effect of
smart specialisation could be a quick response on the aggregate level of the
wotld economy [19].

In the KEP model, the quality effect of education is a key factor for
development and growth. Working in a knowledge ecosystem, knowledge is
more refined and the structure of the Knowledge Triangle generates better
customization of knowledge for market demand. Besides the quality of
knowledge, in our model, the intensity of knowledge is higher, and the speed
either. The collaboration of the relevant stakeholders in the process,
determines better customization of the knowledge considering their needs,

113



Lumen Proceedings 14 | International Conference IBMAGE 2020

on the one hand, and increasing capacity for supply on the other hand, and
also a higher speed of knowledge. There is no leftover knowledge produced,
all the knowledge created in this environment fits perfectly the needs of the
system.

A large population is worthless for the R&D pool of researchers if
the government didn’t implement a strong public policy for education,
research, industrialization, and innovation. The surplus of the population
will follow the intensive labor approach instead of a smart one.

3. Research Questions/Aims of the research - the layout of Knowledge
Economy

Nowadays, knowledge became more and more “tangible” [2] in the
economy and the struggle of policymakers to understand the value-added of
knowledge and to include the knowledge in public policies is the main asset
of better adaptation to the actual status of competitiveness and perspectives
to increase productivity all over the world [22].

Thinking in a neo-liberal way about the economy, that is the product
depends on the money put in the process and the number of workers, it is
obviously obsolete. Both of these, capital and labour are very important for
economic processes, but the quantitative way of thinking is no more
productive. You cannot obtain the maximum benefits of the economic
processes if you don’t consider knowledge as an endogenous factor of
production.

More money and more workers in the era of digitalization is quite a
waste of resources, instead of having a smart approach and to understand
the key elements of more value-added in the production flow. Of course,
any entrepreneur in a pretty decent economy is aware of the importance of
value-added in the process, but doing so in a simple way is an overwhelming
effort.

For this reason, we have to understand where the incentive factors
of value-added are coming from and where the results of increased
productivity and competitiveness are going to. The perspective of this work
is the long-run approach, considering the hypothesis of knowledge
contribution for smart growth as a differentiator factor for sustainable
development.

As long as we start from the premises that knowledge is depending
on education, research, entrepreneurship, the way of how to create,
accumulate, use and transfer this knowledge is not an easy way. Moreover,
the value proposition of this study is to depict the importance of these
different areas of knowledge consolidation working together, in order to
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create synergy for the entire process of providing the appropriate, reliable,
consistent, and efficient knowledge.

The objective of this work is not to reconsider the economic schools
or thinking, but to underline the more adapted ones to the actual context.
The scope is not to reinvent the wheel in the growth theory, but to
understand better the ingredients of smart growth. Finally, the purpose is
not to provide the silver bullet for increasing productivity and
competitiveness, but to focus on the processes able to assure a better
performance.

The statement is that the neo-liberal economy is ending, and remains
just as a solid transition to the Knowledge Economy.

In the above-mentioned conditions, is the endogenous growth
theory consistent with the current status of the economy? What about the
future?

4. Research Methods - Knowledge Economy Pyramid model

Going to the growth theory of Paul M. Romer [20], it is assumed a
long-run growth model with knowledge as an input in the production
function with the role to provide marginal increases of productivity.
Technological change is perceived as endogenous compared with the neo-
liberal one provided by the Solow model.

In our interpretation, as we already depicted in a previous work
“Knowledge Economy Pyramid: Transforming Knowledge Value in
Increasing Productivity and Competitiveness” [24], technological change is
an accumulation and materialization of knowledge and it is depending on a
serial of factors, mainly introduced by Knowledge Management.

As long as knowledge is the accelerator for increasing the value-
added in the production flow, the way how to manage this input makes the
difference in the market regarding the contribution over productivity and
competitiveness.

So, if you see the economy as a multitude of stakeholders’ groups,
working separately, sometimes compete against each other in a non-
productive way, then the technological change, specifically knowledge, could
be seen as an exogenous factor for growth.

But if we consider an integrated approach, where the four pillars of
Knowledge Economy are the foundation of the pyramid model with
education, research, technology, administration, government, and
entrepreneurship are working together in an integrative way, then
knowledge, consequently technological progress, is an endogenous
production factor.
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As we described in the Knowledge Economy Pyramid model (see
the figure bellow), all these groups of stakeholders are working integrative
through some very robust structures: Knowledge Triangle, Triple Helix, and
Smart Specialisation.

By this layout built on the pillars of Knowledge Economy, the actors
— university, research institutes, technology providers, local administration,
government, clusters, and entrepreneurs could create an environment where
the value-added of knowledge is transformed in increased productivity and

competitiveness.

BUSINESS/
INNOVATION

ECONOMY
PYRAMID

ADMINISTRATION/
GOVERNMENT

Knowledge Economy Pyramid [24]

Separately, the actors, groups of stakeholders, and even the
mentioned structures are not working propetly, because they are not able to
cover in a separate way the actual needs of development, more complex,
more flexible, customized, and very sensitive.

Knowledge Economy Pyramid is the robust response to such needs,
where the knowledge ecosystems created are delivering the knowledge
synergy capable to adapt better to the general economic context. Moreover,
this model is capable to provide the tools for reducing the gap between the
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actual status of development and knowledge frontier in any country,
depending on the level of performance in the crucial domains [24].

Creating the knowledge ecosystems

In this context, we are strongly attached by the theory of growth,
where knowledge is an endogenous factor of production. In our acceptation,
knowledge is not created by external providers strongly specialized as a
result of the division of labour and integrated lately in the production flow
as one size fits all, but knowledge is a very sensitive concept developed
inside the process with the contribution of universities, entrepreneurs, I'TC
providers, research institutes, communities, and administration [17].

In a conservative way, knowledge is going through a channel with
several stations: in university, knowledge is very theoretical oriented, sticking
with fundamental research; in the economy, knowledge is very practical
oriented, sticking with applied research; in administration, knowledge is very
formal and rigid under the shape of the rule; lately, knowledge is turning
back in the process with some more added value considering the cycle
already complete.

In a knowledge-oriented economy, the stakeholders — university,
factory, administration, technology providers — are working in the same
environment, as a common knowledge ecosystem with a unique objective,
and they have the possibility to reshape the knowledge in the process, giving
more adaptation and flexibility to knowledge in order to increase the
performance.

Moreover, the knowledge obtained in such an ecosystem is
qualitatively superior, having already in place the contribution of all the
actors at the same time and the trade-off already solved.

The proposition of the Knowledge Economy Pyramid to the
research of knowledge is consisting of building the environment for creating
higher value for the knowledge. This environment is a visual representation
with a strong comprehension about the role of the stakeholders, their place,
the connections have to be created, relationships, and synergy.

Knowledge measurement

In this context, in the place where knowledge has primary
importance for the process, the contribution of knowledge to the outputs is
unlimited. Considering the wide area of tacit knowledge and the importance
of including it in the process, the possibility to find an increasing of the
value of knowledge at the end of the process is unlimited, as we said, but is
also unpredictable and very hard to measure [6].

The issue here is to succeed to follow two directions:
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— Understand better the key factors which contribute to a higher value
of the knowledge;

— To compare the process with all the knowledge tools in place with
the previous process or a process without knowledge methodology
applied; in this circumstance, we can also compare newly obtained
knowledge in the process with the process of the other economys;

In spite of this measurement progress, knowledge at this stage is very
hard to measure, and this is the reason why in the processes, knowledge is
considered as a residual. The scope of this work is not to come up with a
more accurate measurement system for knowledge, but to understand better
the entire process, the inputs, and outcomes.

Knowledge process for productivity and competitiveness

From this perspective, we can say that in any organization there are
two parallel processes: an operational one, where the inputs are very tangible
(capital, labour), and knowledge one, where the inputs are intangible and are
consisting of the contribution of the knowledge to the capital or labour [15].

In the first process, it is already stated: the more the inputs you have,
the more the outputs you produced, but only to a steady-state, after that the
marginal product is diminishing rapidly. In the knowledge process, the value
of knowledge is perceived as technological advancement in the conservatory
neo-liberal economy and Total Factor Productivity in a modern approach.
This new approach is productivity and competitiveness oriented and is
focused on sustaining and improving the contribution of knowledge value
added in the process.

Of course, in the real economy it is quite difficult to run two
processes in the same time, one operational and the other knowledge
oriented. These two have to be overlapped and running by the same
operators. This study is confident with the value added in the process by the
Communities of Practice, those groups of specialists at any level in an
organization, dedicated to internalize knowledge in the flow of production.

In the economic theory, productivity is more related to the labour
productivity, but in reality this is just a detail of the entire picture. If we
consider a broader perspective, we can talk about capital productivity,
factory productivity, economy productivity, processes, and so on.
Productivity is a more complex concept and is not limited just to the work
force [11].

What is common in the way of understanding the whole picture, it is
to see knowledge in the economy as the main asset to increase productivity.
In all the processes we already mentioned, the knowledge is the common
factor to understand and manage productivity in the actual global context.
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Back in the 60, economists 3] consider knowledge as a stimulus for
productivity as long as this is well spread around the industry and
accumulated at aggregate level. Because of its nature to become public at a
certain time, the returns of knowledge accumulation will be on the benefit of
any particular company.

Today, waiting for knowledge to become public good is
counterproductive considering the fast- moving progress and very sensitive
markets on the novelty. The advantage of being first on a certain market
could be translated into a huge profit. For a modern company, having the
advantage of the edge is like accumulating resources for future development.
More returns mean more money for innovation and research and a great
opportunity to stay upfront in the industry.

Critical factors for productivity and competitiveness

Arrow’s theory about the external influence of the knowledge for a
specific process is changed over the years in the need for internalization of
knowledge in production. Beside research and innovation benefits, in this
case, we are talking about entrepreneurship. Bringing knowledge inside the
process, a managed knowledge at the organizational level reveals
entrepreneurial behaviour. These three elements of increasing productivity
are working together: innovation, applied research and entrepreneurship.

Innovation doesn’t mean discovery; innovation is much related to
the market and industry (real economy) [13]. According to the Oslo Manual
(2018) [18], “Innovations derive from knowledge-based activities that
involve the practical application of existing or newly developed information
and knowledge. Research and experimental development (R&D), is one of a
range of activities that can generate innovations, or through which useful
knowledge for innovation can be acquired... An innovation is a new or
improved product or process (or combination thereof) that differs
significantly from the unit’s previous products or processes and that has
been made available to potential users (product) or brought into use by the
unit (process)” [18].

For this study, it is relevant to create the space to put all these three
elements together and to foster the interactions among innovation, research,
and entrepreneurship. Knowledge Economy Pyramid is such a knowledge
environment, where the decision-maker is part of the game along with
innovation and research flow.

Back in the time, during the neo-liberal age, the approach of
technological change was taken primarily as an external factor, secondly as a
continuous equilibrium between market needs and knowledge providers. In
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our model, the government is deeply involved, not as a supreme authority,
but as an equal partner.

Besides its active role in the knowledge ecosystem,
administration/government is a facilitator for spreading the innovation and
research. For this reason, investing in the human capital and research
infrastructure comes first, and then the game of productivity and
competitiveness is set up with a large contribution of the government [26].
This layout of collaboration between stakeholders in order to create
sustainable growth for a long time has several implications over the welfare
of a nation. “In countries with the lowest human capital investments today,
our analysis suggests that the workforce of the future will only be one-third
to one-half as productive as it could be if people enjoyed full health and
received a high-quality education” [28] said Jim Yong Kim — former
President of the World Bank Group.

In this context, the adaptation of the education system to the global
economic reality is a must, and new curricula have to be developed in order
to stimulate creativity, and innovation, entrepreneurship and knowledgeable
attitude. Integration of educational programs into the industry and
developing third education curricula considering real economy inputs, this is
the state we all have to be work on.

The future system of education will play an important role for the
new skills needed on the economy. This is the reason why the university of
the future is much more oriented to provide problem-solving skills to their
students instead to remain stuck-up with a conservative approach, very
theoretical one.

In the same light, a modern university will provide its students the
ability for teamwork. That means a totally changed attitude regarding
building the behaviour of individuals regarding organizational challenges and
the way they have to be addressed.

The reasoning ability is another type of skill the education has to
provide during the formal learning process. In Knowledge Management is a
saying that a good specialist is very good at dealing with change, but a
knowledge specialist is anticipating the change. Dealing with change could
be overwhelming as long as there is no control over the new context created.
Anticipating the change gives the possibility to manage the new context by
avoiding the threats and taking opportunities.

Knowledge Economy Strategy

Sustainable development is based in the long-run strategy and
investment on education, research, and innovation. Considering education,
the appropriate horizon for returns is somewhere 20 years. Here is another
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opportunity for government commitment in order to sustain this kind of
investment in the long-run. This doesn’t necessarily mean that everything is
related to education and research is a public concern. The government has
to establish a panoramic approach where the strategies for education,
research, technology, business, administration, and others, are coming
together in the same environment of productivity and competitiveness,
complete each other, achieve complementary objectives and create
sustainable development. In such conditions, above all these strategies for
each field, the government has to articulate a master strategy: sustainable
development strategy [9]. This kind of strategy, in the actual circumstances,
could be called Knowledge Economy Strategy.

From such a perspective, we can define education productivity as
gains of an individual obtained through a specific additional year of training.
Of course, there are different kinds of returns, not only money as a wage; we
can talk here by the possibility to increase the skills, to access private
knowledge, to make the shift toward a specific job, to be able to teach
others, to remain loyal to a company, etc.

In the KEP model, universities are working on the same ecosystem
with companies and research institutes, according to the Knowledge
Triangle Structure, in order to build a new profile of the future specialist,
with solid theoretical background, verified entrepreneurial skills, and a solid
otientation to innovation. From this point of view, education itself is a big
contributor to increasing productivity. Investment in education is a shortcut
of convergence from the development angle.

5. Findings - The plus of Intellectual Capital

Another advantage of introducing Intellectual Capital in the growth
model, instead of Human Capital, is that we have the possibility to reflect
better the difference between the market value of production and physical
value. We already mentioned that in the technological era, innovation and
research are able to increase the market value comparing with the accounting
value.

In the 4" Industrial Revolution, this model is able to be changed
dramatically if we take into account the possibility of machines to create
knowledge through Artificial Intelligence, Internet of Things, new
biotechnologies, new materials, and nanotechnology [12]. For this reason,
the more important for the economic processes is to manage knowledge,
starting with increased awareness, accurate measurement system, improved
taxonomy, dedicated processes, and so on. In such conditions, the equation
of growth theory has to be rewritten soon.
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Our model, KEP, contributes to the process of internalizing
knowledge in the production process and also creates the possibility to
enlarge the concept of production from tangible goods to the intangibles
ones.

Considering all these, a big country with a large number of
individuals is a good premise for the knowledge reservoir, as long as the
same percentage of researchers means much more for a large population. In
spite of this quantitative advantage, we already showed that the global
economy could reverse this theory or, at least, to demonstrate that for a
small population, the international market is a huge opportunity to provide
value for knowledge. In these conditions, growth theory assumes that not
the large population is the key for competitive advantage, but a large human
capital pool. In the KEP model, the structure of Smart Specialisation is
decisively contributing to local innovation to become global.

We went further into this approach and had included into growth
equation the concept of Intellectual Capital, in order to enlarge the picture
for better fitting in the actual context of development. At this point, the
most important thing is to understand that education, research, and
innovation are opportunities for an economy to integrate much more human
capital in the production.

From the KEP model, there are two perspectives of this
opportunity:

e incubators — education and R&D activities takes time and a lot of
investments; during this phase knowledge is prepared, built, and
becomes mature;

e accelerators — once the knowledge foundation is created, an
appropriate environment is facilitating rapid deployment of
knowledge over economy;

When in place, all these opportunities could contribute to
strengthening the spillover effect of the new technologies, especially those
related to IT&C. Once the knowledge is entering in this process of the
incubator, accelerator, and spillover technology, the entire process is
boosting exponentially and the returns of knowledge value creation are huge,
and here we have the example of strong innovators, such as Microsoft,
Google, Amazon, Tesla, Apple or Samsung.

Besides spillover tools for knowledge, there are also specific
techniques, and we would like to mention one of them: Communities of
Practice; working in a collaborative environment with a knowledge objective
mindset.
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Productivity and the process, competitiveness and the market

So far, we can conclude that, as far as knowledge, as technological
advance, is an endogenous factor in the growth theory based on knowledge,
on its turn economic growth is an endogenous outcome for economic
processes. An endogenous outcome is easier to be absorbed in a Knowledge
Economy comparing with a labour-intensive one [10].

As long as the research is directly connected to the process,
innovation is filling the gap between technology or research and the market
needs. At the same time, productivity, as externality of an endogenous
process is more related to the process, comparing with competitiveness
which is more related to the market. Combining these two statements, we
can say that research and productivity consider the production processes, at
the same time innovation and competitiveness consider the market arena.

In the neoclassical model we have:

Y = AK'""-I*; B parameter of labour representing the share of
income allocated for labour, basically the value is 0,6;

In the R&D model, Romer has extracted Human Capital from
labour and the equation is:

Y — AI<1/3 Hl/3 L1/3

In the KEP model, we use the Intellectual Capital as an expression
of the Human Capital, Customer Capital, and Structural Capital, in other
words, a macro-economic perspective of Romer’s model. Of course, at the
micro-economic level, the sense of Intellectual Capital is neglected because
is related to the size of the market. The bigger the size of the market, the
more important the networking, connection, ability to sell, brand, and others
are. In the global market, customer relationships and networking are more
obvious than national.

Total Factor Productivity

In the modern economy, technological advancement was replaced by
Total Factor Productivity, that part of intangible factors that are influencing
production. So, the Cobb-Douglas equation is:

Y = TFP K'L"*

This factor reflects the productivity of skilled labour, we mean
Intellectual Capital, but also the productivity of all the other factors which
influence the output. Basically speaking, we are talking about 4 components
of productivity related to capital, labour, non-IT, and TFP.

In this context, the growth rate (g) represents the accumulation of
capital and the rate of increasing TFP:

g =k + tip;
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If the measurement of capital accumulation is not difficult, as long as
we can measure the coefficient «, regarding the TFP, we can treat it as a
residual. For example, in the OECD countries, the TFP rate is considered
around 2/3 of economic growth.

6. Discussions

Of course, there are many debates regarding the measurement of
TEFP. The purpose of this research was not to provide a silver bullet of
measurement TFP, but to understand better the part of productivity
dedicated to the intangible and to validate this approach within the KEP
model.

Regarding the Intellectual Capital, it is not very difficult to measure
the difference between market value and tangible assets [4], but it is quite
hard to link this kind of increase of returns on capital with a particular
process. In spite of this limitation of the measurement system, the benefit of
accumulation still exists. At this point, until a reliable measurement
methodology in place, the most important thing is to consider in this
equation the entire contribution of human factor to the process.

At this stage, there are many methodologies, indices, and systems to
measure knowledge and the progress is obvious. What we have to do is to
keep up with the efforts to succeeding to have a more accurate measurement
system for the knowledge.

By this work’s approach, we are not trying to diminish the
contribution of fundamental research, but the profile of this research work is
oriented to the value-added of knowledge in the real economy. In other
words, we are focused in the study of knowledge at work.

Comparing with capital, we cannot talk about depreciation when we
talk about knowledge. The more we use a specific knowledge, the most
valuable it is. At the same time, there is a contradiction between knowledge
lack of depreciation and knowledge volatility [7]. Especially in the hi-tech,
economy, or other smart fields, the complexity of knowledge is increasing
every day. On the contrary, in construction, medicine, and others,
knowledge is more stable. But, we cannot talk here about the depreciation of
knowledge even if it is volatile, because the use of an old knowledge born
another knowledge and the old knowledge remains at the base of a new
knowledge. For physical assets, once a piece of equipment is depreciated, it
is replaced by the entirely new one.
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7. Conclusions

Including the Intellectual Capital in the production function as an
endogenous factor is more relevant for sustainable development because is
considering the entire value of knowledge in the process. In spite of many
advanced measurement tools for knowledge, there is no accurate system in
place capable to replace the current approach which considers the
contribution of knowledge as a residual.

Though, the importance of knowledge is much more considered in
the process and the value-added of education, research, innovation, and
entrepreneurship are obvious with a direct impact on economic growth.

According to this impact, Knowledge Economy Pyramid is a
valuable environment for incubating and accelerate knowledge in the
process, as long as KEP model is creating a collaborative environment
where the related stakeholders — universities, factories, technology providers,
government, administration, local communities, clusters — are working
together in order to achieve the objective of increasing productivity and
competitiveness.
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