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Abstract—To give a general view of the innovation environments
is the aim of this paper, we pretend to make an analysis between
Mexico and BRICS (Brazil, Russia, India, China and South Africa-
countries belonging to the group of five major emerging economies).
The comparison takes by reference a set of various indicators that
directly or indirectly affect innovation in a positive or negative way.
Firstly, a research to obtain the values of each of the indicators was
conducted, considering the main primary sources, then, within a set of
radial charts is presented the resulting values of each nation and a
comparison between them. Finally, a description of the gaps between
Mexico and the BRICS were established, including the areas of
opportunity for Mexico.
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L.INTRODUCTION

RICS is used as an acronym in the international economic

community to identify a group of nations considered as
emergent economies. These economies are Brazil, Russia,
India, China and South Africa. They are distinguished by fast
economic growth and for having significant influence in
regional or global business and are also members of the G20 or
the Group of Twenty.

The countries in the BRICS [1] created a collaboration of
supranational credit and developed banks, which have an
influence in the world financial system; they have supported the
members of the group in different areas of development,
including innovation [2].

The Organization for Economic Co-operation and
Development (OECD) [3] indicates that the commercial
practice in Mexico is focused mainly in the workforce’s low
costs. Nowadays, the competitive advantage of outstandingly
technologically developed countries is determined by their
ability to innovate, leaving behind the advantage generated by
a low cost workforce.

II.LEXPLANATORY FRAMEWORK

The classic text of Roy Rothwell (1992), titled “Successful
industrial innovation: critical factors for the 1990s”, was the
base to delimit five innovation model generations, it has been
accumulating elements using the public politics and the
managerial action, to promote the creation of new products,
process and services [4].
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The first model was denominated "thrust", which is
characterized by considering the innovation as a linear project,
initiated by scientific findings. Thus, the main aspect of this
model to start the research was the inclusion of the private and
public investment in basic research, combined with large scale
manufacturing. This model was applied during the decades of
1950 and 1960.

The second generation emphasis in the market demand,
innovations should be stimulated by identify needs, which
“pull” the research and the development. The fundamental
aspect of this model would be to know the market and planning,
treating and predicting future requirements to satisfy the final
user. The model application was dominating until the second
half of 1960’s decade.

The third generation joins the science push force with the pull
power demand, dynamizing a sequential process with a
feedback. The fundamental factor of the model would be the
communication and the integration of different functional areas
to decrease the costs and joining forces.

The fourth generation was applied during the 1970’s decade
and early 1980’s. It stands out in the interactions and the
interdependencies between different organizations in many
points of the supply chains. The fundamental factor for
innovation would be the strategic alliances, access to resources,
economic diversification and technology accumulation.

For the fifth generation, valid since the 1990’s, what stands
out is the network and systems integration, reinforced by
automation, communication, information technology (TICs)
and the new organizational arrangements.

None of these independent factors determine the success of
innovation, but the group of them can contribute to successful
innovation (inter firm integration, technology accumulation,
product  strategies  integration-  manufacturing, the
organizational flexibility and productivity, the performance and
the product quality, fast arriving to the market and the general
ambient).

These five models also recognize that individual and
collective skills are required for innovation to answer the fast
environmental changes, allowing a better system use, as well as
simulation and co-development.

The innovation systemic models are part of this 5" generation
model. A system model is a set elements related between them
[5], while the complex systems make a nonlinear selection of
these relations [6].
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The adaptive systems change to confront the imposed
troubles with concordant environment, for that reason are
difficult to study and control: evolving, adding new behaviors
and anticipating [7]. The innovation processes actually emerged
of the relations between the adaptive complex systems.

The innovation system (IS) offers the possibility to analyze
public politics at the national or regional level, emphasizing the
governments function in the problems resolution that the
market is not motivated to solve [8]. Therefore, this model
indicates that the innovative activity comes from the inside of
the inter-institutional field to allow the access of different
institutions to a sharing of resources, as educational centers,
productive infrastructure or human capital.

Johnson and Lundvall (2002) conceived the innovation as an
interactive process that would produce results per the relation
between different institutions, visualizing an interdisciplinary
labor. The relationship between social entities are established
considering the characteristics that conformed them [9]. This
interdisciplinary labor is integrated by an approaching
methodology and people’s responsibility [10].

This perspective is relating a holistic and an integral manner
the elements that improve the innovation, as the individual and
institutional actors, that interacts of a manner independent and
nonlinear, such as knowledge interchange, skills and resources,
inside of the delimit spaces by their historical development and
the physical or cognitive proximity.

Nevertheless, it is difficult to identify, define and relate
variables or relevant factors, as well as identify the relations
method to settle activities and use a great funds and resources
variety [11], [12].

In the last years, Higher Education Institutions (HEI) are in
the process of change to improve and compromise external
institutions into the academic field. However, the way of
change, as well as the manner of relation with other entities, and
the performance achievements with the innovation actors,
mainly depends on the global structure of the HEI they belong
to [13].

It is relevant to emphasize about the undervaluation of the
knowledge creation that emerges in the less developed
countries, this situation prevents to give a solution to different
problems that show specific characteristics in these contexts.
The latent knowledge should be considered to reduce the
innovation gap.

Making an analogy with the biological ecosystem, the
innovation ecosystem is defined by the complex economic
dynamic relations between actors and entities that have the
function to make possible the technological development and
the innovation [14]. Between its components can be mentioned
the material resources as facilities and the equipment, the
human resources and institutions. Besides, the economy
research and the market research can geographically locate [15]
this close resources relation.

Due to the great quantity of related uncertainty with the
innovation, the ecosystem should resist the failure of nine of
each 10 projects. This forces the ecosystem to balance through
the efficient use of resources by recovering and reusing, as well
as better understanding of the economy research transit to the

market. A healthy ecosystem is maintained by itself, it provides
interrelation mechanisms and it also provides intangible
interrelation between the actors, entities and resources. All of
this depends on the technology type, culture and actors
intervening the innovation [15].

The triple helix model emerges as a complex study from an
evolutionist neo perspective. The triple helix represents the
specialization and codification of the academy functional
systems, represented by the High Education Systems (IES),
industry and the government, which coevolve and constantly
define their limits.

The over position of the three circles are relations between
communications of a different nature for the sense interchange
and the coded expectation of institutionalized selections. The
system operates trans-disciplinary to translate discovery
contexts in application contexts and vice versa, without damage
the integrity of the underlying projects [16].

At the difference of the Innovation Systems (SI), the Triple
Helix does not focus in the geographic analysis units but in
technological sectors, such as biotechnology. It can be the most
important reference for innovation systems to date. This model
allows to consider the specific dynamics emerging between the
three sectors at any level, national, regional, among others.

Finally, the complex adaptive systems react face the
environment changes and their own components. As a result, its
behavior is far to be the optimum. The adaptive complex
systems never reach this point. They continue to evolve and
show new forms of emergent behavior [7].

It cannot be defined how the innovation systems should be,
perhaps it is possible to determine which kind of environment
is conducive to increase its development. The national level, the
environment conditions is defined in great part for the public
politics that design and promote each nation, their economic
situation and their tangibles and intangibles capacities, that can
be measurement through the next indicators:

A. Competitiveness

The global competitiveness report 2014-2015 realized by the
World Economic Forum, measures 12 areas that encompass a
set of institutions, public politics and factors which determines
the productivity level in a country. While the more competitive
an economy is, the greater the possibilities to be fast growing.
The index is expressed in a measure between 1, the lowest and,
7, the highest [17].

B. Education

It was taken as an indicator result from the Program for
International Students Assessment [18], it measures the
knowledge in general areas and skill development in reading,
math and sciences, which is acquired by students of around 15
years old; the age when they are close to completing mandatory
schooling. The index shows the performance in each country in
the student’s preparation to confront the knowledge society
challenges [19].

India, had taken the PISA test in 2009 and used the results as
a reference, this one is the last results generated in this country
[20]. For South Africa, a country that does not belong to the
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group of countries which utilizes the test, was considered the
education sub-index of human capital taken from the World
Economic Forum [21].

C. The Ability to Do Business

The index to do business of the World Bank (Doing Business
2015: Going Beyond Efficiency) [22], measures in 10 areas the
regulations that impulse or inhibit the economic activities and
the intellectual property protection for 189 countries. It is an
indicator of what the entrepreneurs have to do to convert their
ideas in business, without taking into account aspects such as
security and corruption [24].

D.Percentage of Capital Expenditure of GDP in R&D
(Research & Development).

As a reference of GDP [23], expressing the monetary value
of the production of incomes and end demand services of a
country for a whole year, and the Capital Expenditure (CAPEX)
in the research and the development, which is the egress in the
creative work realized of systematical way to increase the
knowledge in country and the use of new applications. To
express CAPEX as a percentage of GDP obtains an indicator
for investment in basic research applied in the experimental
development stage [24].

E. Human Capital

Human capital refers to the skills, capacities and the talent
that reside in the persons used with productive purposes to
generate profits as a fundamental factor to stability, prosperity
and competitiveness of nations. The Human Capital Index 2013
from the World Economic Forum is used as an indicator of the
human capital development of 122 countries, which has in
consideration the educative dimensions, health, wellness,
workforce and employment, the environment, as well as the
regulatory framework and the infrastructure, which allows to
translate the talent into economic value [20].

F. Intellectual Property

Taking into count that legislative variations exist between the
countries, this indicator was built adding the patent requests,
industrial designs and utility models, published by the World
Intellectual Property Organization [21]. Property records held
by residents of each country are taken as a basis, in order to
protect the intellectual property in the markets where it will
expect to exploit an invention, not necessarily where is
generated. In the absence of references to an optimal number or
ideal registers, it has been taken into account, the highest
amount and the lowest in order to normalize an indicator in the
scale of 0 to 10.

G. Quality of Life

The Human Development Index 2014, calculated by the
United Nations Development Program [22], is a measurement
that gives the possibility of the persons who have access to a
long and healthy life, the knowledge which promotes a higher
quality of life. Also, this index demonstrates how secure and
stable these achievements are between 187 countries.

H. Infrastructure

The information technology and the communications are
well known as one of the most important resources to foment
innovation and the growth of the economy. In the Global Report
of Information Technology 2014, from the World Economic
Forum [23], are included in the Network Readiness Index which
measures the regulatory framework, the market, the public
politic, digital infrastructure and the content, the access and
usability, as well as the economic and social impact in 148
countries. The scale is from 1 to 7, the last one being the highest
value possible.

I. Economic Complexity

As much as a country accumulates knowledge and
productive capacities, the better will be the conditions to
produce assets with major added value and major prosperity.
The knowledge quantity that a country has, is expressed in the
biodiversity of the products it exports and in the fact that it
cannot manufacture it in other countries. This measures the
Economic Complex Index, calculated by Harvard University,
for 128 countries [24].

In the base to the major and minor scores, the index obtained
was normalized by each country in a scale from 0 to 10.

[II.METHOLODOGY

The article of Aguilar and collaborators [25], was taken as a
base for the indicators selection, which were update with
available information in 2015, taking the index with the recent
information.

To analyze the data and create the radar graphics, it was
necessary to express the values of the different indicators
between similar scales from 0 to 10. When the indicator
presented a possible minimal or maximum value, the first one
was adjusted to 0 and the second to 10, it had calculated the
value for each country through the cross multiplication. The
CAPEX percentage of GDP in R&D and intellectual property
was taken as a maximum value, equal to 10, the inversion
percentage highest and the major quantity of registers of
intellectual property from the top was calculated through cross
multiplication of the value for the rest of the countries.
Meanwhile, the human capital indicator, expressed in values
from -2 to 2, was used in the slope formula, (x=(y-b)/m), to
calculate the values of the scale from 0 to 10.

In the homologation of the result per indicator in this scale of
10, it was calculated the average for comparative between
countries in general terms the enabling environment for
innovation, assuming that the highest values indicate an
ambient with better conditions to innovate. Furthermore, the
general comparative, built radar graphics to analyze the position
of each nation. To identify the factors that differentiated the
innovation ambient between the compared nations realized a
variance analysis of each indicator.

IV.RESULTS

Table I [3], [18], [20]-[28] shows the obtained index for each
country, and the year to which each index refers in each
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country. As can be appreciated, the nation with the highest
average is China, which obtained the highest indicator in the
intellectual property register.

TABLE I
RESULTS INDICATORS - BRICS + MEXICO
Indicator Country Year
Brazil Russia India China South Africa Mexico
Competitiveness 6.2 6.24 6.01 6.99 6.21 6.1 2014
Education 4.02 481 345 587 35 4.17 2012
Abilitytodo g 503 571 663 774 764 2014
business
Spend
percentage GDP 3 2.7 2 4.6 1.9 1.1 2011
in RD
Human Capital 4.9 5 43 55 4.1 49 2013
Intellectual 4 4o 257 01 10 025 024 2013
Property
Quality life 7.4 77 58 7.1 6.5 7.5 2014
Infrastructure  5.69 6.14 55 579 5.69 556 2014
Economic 5153 51 66 48 73 2012
complex
Average 4.8 53 42 6.6 4.5 4.9
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In general, Figs. 1-7 have a similar shape. Table I shows the
factors that differentiate the performance of innovative nations,
they are intellectual property, the percentage GDP expense in
R&D, the economic complexity and education, while the rest
have a tendency of a similar index, particularly in the
infrastructure, competitiveness and human capital.

This indicates the effort that China has been making in the
inversion in the R&D and in the Intellectual Property register,
where this nation stands out in relation to the rest of the
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compared countries; furthermore, it is distinguished also in
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TABLE I
ANALYSIS OF VARIANCE
Indicator Variance
Differentiation
Intellectual Property 12.66
Spend percentage GDP in RD 1.21
Economical complexity 0.84
Education 0.70
Ability to do business 0.54
Life quality 0.43
Human capital 0.21
Competitiveness 0.10
Infrastructure 0.04 Standardization

It should be noted that China in the present is a market that
is extremely attractive for the commercialization of products
and development of services in other parts of the world. Russia,
occupies second place and stands out in infrastructure,
intellectual property and education, meanwhile; Mexico, in
third place, stands out only in the economic complexity, as a
differential factor, and in the facility to make businesses and
quality of life. There are no fundamental differences with the
rest of the compared countries.

'V.CONCLUSIONS

It is evident that China is taking the leadership role in
innovation among BRICS countries, which allows economic
growth to have good possibilities to maintain in the medium and
long term. Furthermore, to confirm that an important relative
inversion, as well as the intellectual property register, is being

affected in a positive way and allows for that nation’s
consolidation in the global market.

As was mentioned in Sections [-IV, each system is unique in
its structure, resources and environment adaptation, and
furthermore, are changing constantly, so they cannot set only
one ideal system through which can focus the public political
efforts. Nevertheless, it is possible indicate to a comparative
manner, which factors are marking the difference, in this
establishment of an innovative climate between the taken
countries taken as part of this study. In this sense, the China
climate has the major possibilities to generate different types of
organizational arrangements and economics that hold the
innovation production that the rest of the countries cannot.
Mexico strives to be like China-Innovative.

Mexico has its own possibilities to establish a better climate
to innovation, and as shown in the presented data, it is related
with the country’s economic complexity, which is the factor
that was distinguished with more force than the rest of the
nations analyzed. As a result of the economic complexity
observation, the country exports are identified as raw oil,
machinery, including electronic components and products
related to transport; this is thanks to the country’s location, its
inclusion in the TLCAN and its cheap workforce. In these
circumstances, it does not seem to have a competitive advantage
with great potential in generating added value, indicative of the
climate type for which adapting the innovation systems in the
country and the possible technological, are the paths that can be
taken.
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