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Abstract

The process of globalization forces market changes in the form of intense competition.
Economies can survive by getting competitive advantage in the global market through developing
innovation. The main target of this empirical research is to discover the most important innovation
components that constitute structure of the global innovation index (GII) and judge their influence in
emerging BRICS economies. Innovation process is discussed on the grounds of GII ranking scores
accumulated from 2011 to 2021. The research outcome of the Principal Component Analysis adopted
nine components that represent seven dimensions. Extracted components are further used in the
regression analysis to establish a multiple linear regression (MLR) equation for predicting the GII
score used in the overall ranking. Derived regression solution introduced valuable MLR results with
high coefficient of determination where 98.2% of the GII values are explained by the extracted
components. The dominant effects on GII are attained in innovation components that include general
infrastructure and knowledge workers. Moreover, comparison analysis of the actual and computed
GII scores illustrated 99.1% overlap between the two values. Evaluated results of the PCA-MLR
analysis serve to investigate the success in developing innovation performances in emerging
economies by comparing innovation index accomplished by BRICS.
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1. INTRODUCTION through innovation systems that shape
national innovation environment. Innovation

Nowadays, every country in the world systems across the world differ in actors,
organize and plan its innovation activities their communication and elementary
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institutions (Intarakumnerd & Goto, 2018).
Due to globalization process, national
innovation systems are constantly challenged
and under pressure to adjust to the needs of
the global market. Contemporary literature
has already discovered the positive
coherence among economic, politic and
social globalization effects and technological
innovation performances (Feng et al., 2019;
Zheng et al.,, 2019). Global market is
undergoing innovation transition from
European and North America long term
leaders to emerging economies that threaten
to occupy leading positions by disclosing
disruptive technology and innovations (Si et
al., 2020). Emerging economies perceive
their opportunity to triumph on the market
and have shifted their focus from the primary
goal reflected in the speed of the economic
growth to the new approach that stimulates
the quality of the development. Instead of
investing resources into faster economic
progression, authorities in emerging
economies have switched towards investing
in innovations that enable sustainable
competitive advantage (Tian et al., 2019;
Zhao et al., 2019). The evolution from the
extensive development perspective to the
innovation-driven perspective is expected to
accelerate new development path for
organizations. Therefore, the subject of this
study is analysing innovation environment in
emerging BRICS economies.

The main aim of this research is to
propose a structural model of the innovation
performances of BRICS countries as the
representatives of the emerging world
economies in the light of the most
contributing global innovation index (GII)
components. Therefore, conducted analysis
provides possibility for countries to extract
the most important components that establish
decisive national innovation performances.

Model is designed so that can be flexible and
adjusted to any country in the world. Prior
studies have mainly focused on the
development outcomes of the individual
dimensions of the global innovation index
(Hu, 2021) and a few of them tried to
identify the internal relationship between
innovation input and innovation output
dimensions (Nair et al., 2014). This study
offers different perspective on the
assessment of innovation performances and
attempts to associate the most effective
components in the GII structure. The newly
narrowed model of the GII structure is
validated using the prediction accuracy
results provided by the regression analysis.
The research results of the study will
provide broad knowledge about innovation
areas that are progressing in the right
direction and otherwise innovation weak
points where BRICS economies are not so
successful. Empirical results will supply
enough information about fostering efforts
towards innovation climate and acquiring
appropriate  innovation outcomes in
comparison to the other countries in the
world. In addition, it will discuss what the
main problems in emerging countries are
when it comes to the transformation towards
innovation society. In that way, BRICS
economies can coordinate their strategies
that are supported by adequate policies and
targets. Based on identified challenges and
opportunities reflected into evaluation scores
of wvarious innovation dimensions and
components, other emerging economies can
carry out benchmarking analysis and gather
valuable intelligence about the best practice
in the innovation domain. Additional benefit
that emerges from this study is related to the
factor analysis methodological framework
that illustrates research approach to the
complex problems that have to be
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decomposed into integral components to
simplify solving procedure. Employed
methodology will allow reducing a variety of
components to the most important one-factor
or two-factor solution for each innovation
dimension. After implementing factor
analysis, the results will be used to build a
regression model. The research output can be
used as a feedback information instrument
for governments that supervise effectiveness
of the innovation development strategies and
policies. All other stakeholders like
researchers or investors in the field of
innovation can also use the research results
as a support in making decisions and a guide
for the future investments. Proposed
methodology can be used for solving other
complex problems not only in the innovation
domain but also for problems that can occur
in different research areas.

The paper is structured into seven
sections. The first section is introducing the
importance of innovation process. The
second section provides theoretical
background of different innovation research
issues in the scientific environment of the
emerging economies. Third section presents
brief overview of the BRICS innovation
performances. Section four deals with a
theoretical description of a hybrid PCA-
MLR methodological framework employed
in the study. Following sections five, six and
seven report the most important research
results, discussion, limitations and
conclusion with regard to the future
investigation plan.

2. LITERATURE REVIEW

Innovation activities are subordinated by
strong institutional framework (Wang et al.,
2021). In many industrialized countries

effective innovation policy has been used as
an instrument in improving competitiveness
for years and has been adapted to the needs
of emerging and developing countries as
well (Aguirre-Bastos & Weber, 2018).
Governments’ role in improving national
innovation performances is powerful since it
simultaneously triggers several effects.
Innovation policies brought by the authority
provide incentives for institutions and
organizations to transform their activities
towards innovation, in turn managers
encourage their employees to be innovative
therefore their business results straighten
national  innovation  competitiveness
(Hameed et al., 2021). With its regulations
and public policies, authorities are the ones
who control and shape the market conditions
and competitiveness of a country or a region
(Veiga et al., 2020). Samara et al. (2012)
define innovation in the context of
production, diffusion and translation of
acquired technological expertise into novel
products and processes. Therefore, the most
important institutional objective is reaching a
common goal of all stakeholders in the
context of innovation strategies and policies
that are empowering the connection between
academic and industrial research (Prokop et
al., 2021).

Innovative solutions are appraised as the
driving force of the economic development

and  competitive  advantage  hence
governments around the world are
responsible for creating appropriate

measurement of the national innovation
performance (Mahroum & Al-Saleh, 2013;
Kim et al., 2020). Following studies briefly
provide meaningful contribution explaining
the development path of innovation
performances in emerging countries.
Aguirre-Bastos and Weber (2018) discuss the
significance of foresight in planning national
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innovation systems and urgency to engage its
results in guiding future policies that would
frame appropriate economic and social
development. Commonly measurement of
the innovation productivity provides
empirical evidence on the disparity of the
past and current national innovation results
and allows comparison with other territories
and their distribution to “leading” and
“lagging” countries (Zabala-Iturriagagoitia
et al.,, 2021). One way for measuring the
success of a national innovation environment
is possible using the GII and this evaluation
framework has already been a research topic
in many studies reported by various scholars
(Nair et al., 2014; Ercis & Unalan, 2016;
Franco & de Oliveira, 2017). Nair et al.
(2014) engage artificial neural network
methodology to investigate the relationship
between innovation input and innovation
output described by the GII ranking positions
for 125 world economies. Empirical
evidence recognizes implying prediction
methodology in the sphere of innovation as a
smart decision for planning future
investments and solving financial issues. An
earlier study from 2014 discovered a wide
range of practical policies and actions in the
field of human capital, innovation capital
and social capital that can boost innovation
performances. The most important proposed
policies are concerning innovation
education, trainings, cooperation between
stakeholders and R&D capabilities (Lu et al.,
2014). Ercis and Unalan (2016) use GII to
describe the underlying dynamics of
innovation activities in Turkey and South
Korea. Their comparative analysis provided
a practical guideline on how Turkey as a
lower ranked economy can improve its
position in the global innovation
environment. Esteves & Feldmann (2016)
were interested in exploring the position of

Brazil compared to other economies in the
field of innovation by means of linear
regression. Their study included GII scores
and other relevant indicators into the
research that proved a lag in innovation
performances in Brazil due to inadequate
institutional support, coordination among
government, universities and organizations
and low research and development financial
allocations. Franco and de Oliveira (2017)
report about the innovation activities in
BRICS wusing the relationship among
individual input and output dimensions of
the GII concerning innovation technology
and its impact on the competitiveness. Their
study is addressing the timespan from 2008
to 2013 with special attention directed
towards economic crisis in 2009. The
research outcome suggest that BRICS should
be aware about lower scores of dimensions
of human capital, market sophistication, and
business sophistication. The regression
analysis revealed that nearly 65% of the
sample could be explained by included
variables. With its swift economic
development in the recent decades, China
has recognized the importance of boosting
innovation performances of the country by
allocating more financial, human and other
resources into institutions, organizations and
other relevant actors (Bazavan, 2019). Other
studies regarding BRICS innovation
outcomes recognize China as the leader
among the member states (Lacasa et al.,
2019). In addition, contemporary research
results about the underlying technological
innovation dynamics in BRICS discover the
positive effects that economic growth,
human capital and research and development
expenditures leave on the innovation
outcome (Hu, 2021).
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3. GII FRAMEWORK IN BRICS

The main aspect of this research is to
discover innovation trends in emerging
economies. Therefore, for the purpose of this
objective, empirical research is done on the
sample of BRICS group of economies
comprised of Brazil, Russia, India, China
and South Africa. BRICS investigation
ground is particularly interesting research
area since it is considered for the fastest
worldwide emerging market that accounts
for almost a half of the global population
therefore its position in the innovation
domain cannot be overlooked. Some studies
report that the trend of population growth is
related to the intensive technological
innovations since in highly populated
countries the demand is driven by the
population size (Coccia, 2014). Moreover,

demographical  structure of BRICS
highlights population increase in all member
states (World data bank, 2021a).

Accordingly, it is the major reason for
incorporating BRICS data into the research
study.

The aggregated dataset combines scores
adopted from the GII reports from 2011 to
2021 (Global Innovation Index, 2011 -
Global Innovation Index, 2021). GII has
been established by the World Intellectual
Property Organization (WIPO) with the idea
to systematically report the most important
trends in the global innovation world and
rank each considered country by its
innovation performances on a global ranking
list (Silva et al., 2017). GII report is
published by INSEAD Cornell University in
collaboration with WIPO on annual basis
since 2007. Graphical representation of the
GII conceptual framework given in the
Figure 1 is used to provide insight into the
relationship established between dimensions

and components. Calculating GII score is a
complex procedure because it considers a
variety of different dimensions and
components. Each of the GII component
represents an index measured by the World
bank, UNESCO, or other relevant
institutions that are presented in a form of
quantitative date, qualitative data or
composite indicators data (determined as the
weighted average of each component)
(Global innovation index, 2011;
Khedhaouria & Thurik, 2017). Components
are then normalized from 0 to 100 score
using the min-max method to allow ranking
procedure (Khedhaouria & Thurik, 2017).
Ranking lists are available for the overall GII
and each dimension and component.

GII report for 2021 included 132
countries in the world (Global innovation
index, 2021). Presented GII structure
contains following three hierarchical level
that are input and output level, dimension
level and component level. The quantitative
data are collected for the overall GII scores,
all seven dimensions that constitute GII and
their components. Dimensions are split in
two main groups that comprise innovation
inputs and innovation outputs. Innovation
inputs enable innovation activity through
securing appropriate environment and
innovation outputs present the results of the
innovation activity. Integral part of
dimensions are the components that can be
further divided into subcomponents however
subcomponents will not be the subject of this
research therefore are not included in the
figure.

GII positions of BRICS economies have
changed over the time and Figure 2
illustrates their transition.

Overall GII. Overall GII score is obtained
as a computed ratio of innovation inputs and
innovation outputs (Global innovation index,
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Figure 2. BRICS GII ranking positions in 2021 compared to 2011

2021). When comparing initial year of
considered GII rankings with the final year
the most effective results are identified in the
case of China that has made progress in the
ranking list and now holds 12th place in the
overall score. Growth results are recognized
in Russia and India. South Africa has
reported slight decline, however the results
of Brazil had downward trend for 10 places.
South Africa is now on the last position in
regards to the other BRICS economies.
Reasons for these changes can partially be
found in economic growth that is divergent
in each economy. In the observed timespan,
China has doubled its GDP per capita and
India achieved nearly same results (World
data bank, 2021b). Brazil, Russia and South
Africa reported decline of the economic
growth in the same period. Therefore, the
great results that are confirmed in China are
followed by a high increase in economic
activities while the largest dropdown of
economic growth in Brazil is followed by
decrease in innovation development.
Theoretical description of dimensions in

the GII structure that is presented below is
adopted from the GII official reports from
2011 (Global innovation index, 2011) and
2019 (Global innovation index, 2019).

Institution dimension. Dimension is
comprised of a political, regulatory and
business environment (Global innovation
index, 2019).

- Political environment is focused on
political stability along with the absence of
terrorism.  Furthermore, it includes
government effectiveness and press freedom
(Global innovation index, 2019).

- Regulatory environment is concerning
the effectiveness of establishing and
adopting right policies, supported by fair
laws and acceptable employment conditions.
Corruption problems in organizations can
produce decline in the innovation
performances therefore, each country is
dependent on the effectiveness of their
national institutions (Lee et al., 2020).

-Business  environment  represents
acquired conditions to start a business with a
view on startup costs and taxation regulation
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(Global innovation index, 2011).

The antecedent in the overall institution
score is South Africa however, empirical
evidence confirms a dropdown of its ranking
position in the last observed year. China has
done a lot of work in institution domains
since it has improved for 37 positions in the
observed timespan. Brazil has improved its
business environment results however, the
running political framework has significantly
dropped. Political and business environment
climate have improved its position in Russia
and China. All BRICS members except
China have developed their regulatory
environment. Bonds between authorities and
organizations should be close and mutually
binding, especially in emerging economies.
Organizations should plan their business in
line with innovation policies and incentives
that governments arrange and on the other
side, governments should follow the needs of
the organizations at the national level and
coordinate their policies according towards
favorable market environment (Tian et al.,
2019).

Human capital and research dimension.
Human capital is representing education
perspective  of the dimension by
incorporating education expenditures,
number of students and education duration
into measurement (Global innovation index,
2019). The research and development aspect
is considering some basic measurements like
the number of researchers, R&D
expenditures and the quality of the research
institutions (Global innovation index, 2011).
Dimension is characterized by overall
improvement in BRICS. Leaders in this
dimension are Russia and China, however
the efforts that India has putted into
developing human capital and research is
impressive. India has outdriven 50 countries
from 2011 to 2021 and credits for that go to

developing tertiary education. Russia holds
14th  place for its tertiary education
environment. China has expressed its
preference towards developing education
and is currently 12th economy by its
education possibilities and 14th by research
and development. In overall, all BRICS
members are progressing in the right
direction when it comes to the human capital
and research dimension. In organizations and
institutions that operate in emerging
economies, corporate social responsibility
plays a significant role in creating innovation
environment that serves to enhance
competitive advantage (Chkir et al., 2021).
Infrastructure dimension. Dimension is
established of three components that include
information and communication technology
(ICT) access and use, general infrastructure
and ecological sustainability. General
infrastructure is presenting the electricity
output, logistic performances and gross
capital formation (Global innovation index,
2019). Leader in infrastructure dimension is
China that has progressed in the overall
ranking (24th place) for the observed time.
China has outperformed other BRICS
members in general infrastructure conditions
and holds fifth position in the world. On the
other side, the least developed infrastructure
is reported in Brazil. Problems with
infrastructure sustainability report Russia,
India and South Africa while the best
performing country is China. When it comes
to the ICT rank, the impressive results come
from Brazil and Russia that have advanced in
the overall ranking list for more than fifty
positions. Prokop et al. (2021) suggests that
developing ICT is possible when appropriate
ICT investment environment is established
that includes relevant ICT infrastructure and
ICT skilled personnel. It is known that
emerging economies face higher threats of
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environmental pollution since their overall
growth is accelerated and economic growth
is not harmonized with environmental
standards (Cai et al., 2021). Empirical
findings from emerging economics including
BRICS prove that investments in
technological innovation narrow
environmental pollution in places where they
are installed (Afrifa et al., 2020).
Governments are already changing their
focus from conventional to ecological and
environment aware innovations to induce
sustainable development (Mavi & Mavi,

2021).

Market  sophistication  dimension.
Dimension includes credits, investments,
trade and competition scale (Global
innovation index, 2019). Credit and
investment ~ measurement  represents

available conditions for accessing financial
resources and their security. On the other
side trade and competition components are
mainly measuring the competitiveness on the
market and the volume of the imports and
exports (Global innovation index, 2019).
Dimension market sophistication is where
South Africa, China and India achieve better
rankings in comparison to other BRICS (in
the top 28 countries). In general, this
dimension is characterized by a slight incline
and decline in ranking results. It is
established of components credits,
investments and trade, competition and
market scale. China (1), India (7) and Russia
(17) BRICS economies are superior in the
last cited component and hold positions
among best economies in the world. In the
case of investments, BRICS countries record
decline in their ranking positions, especially
in the cases of Russia and China. Positive
and negative changes are reported for the
component credits however there is a lot
more effort in front of BRICS in terms of

improving credits climate. In BRICS, banks
have a special supporting role in facilitating
technological innovations that are usually
expensive and require additional financial
resources that banks can provide (Wang et

al., 2021).

Business  sophistication  dimension.
Dimension is focused on knowledge
perspective of the innovation. It is
established of knowledge workers,
innovation linkages and knowledge

absorption. It considers the number of
knowledge workers and employee’s access
to the formal trainings, collaboration among
university and industry in the field of
innovation, and technology imports (Global
innovation index, 2011). Another GII
dimension that is considerably advanced in
BRICS is business sophistication. Positive
trends are recognized in majority of BRICS
except Russia and South Africa. China holds
strongly its second place in the world by the
number of knowledge workers and
impressive 9t  place by knowledge
absorption. On the other side, India is having
troubles with knowledge workers and it is
placed at the very end of the ranking list. In
South Africa all business sophistication
components are evaluated negatively. Ercis
and Unalan (2016) propose establishing
appropriate mechanism for supporting
research institutions and universities to
create and promote innovation and
education, followed by proper tax incentives
in the innovation domain. BRICS
organizations who are investing in education
and different kind of trainings at workplace
attain higher innovation capability results
(Cui et al., 2016).

Knowledge and technology outputs
dimension. It is comprised of knowledge
creation, knowledge impact and knowledge
diffusion measurements. The outcome of the
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knowledge creation is reflected in the
number of patents and research articles.
Knowledge impact is considering the GDP
growth rate per engaged person, firm’s
density and computer software spending.
Knowledge diffusion depicts financial
resources for the license fees for using
intangible assets and proprietary rights,
technology exports and investments abroad
(Global innovation index, 2011). In the field
of knowledge technology outputs China is a
decisive leader. China is in the top four
countries in the world in this dimension and
in the beginning of the ranking list for all
three components that are knowledge
creation (4), knowledge impact (5) and
knowledge diffusion (9). Its results
outperform other BRICS members however,
positive effects are highlighted in the case of
India and South Africa. By component
knowledge creation, majority of BRICS
economies fitted in the top fifty countries.
Although other two components that include
knowledge impact and diffusion do not
achieve desirable outcomes.

Creative outputs dimension. It consists of
three components that represent intangible
assets, creative goods and services and
online creativity. Intangible assets are
measured by the number of issued
trademarks and ICT influence on business
and organizational model creation. Creative
goods and services measure the cultural
environment that is reflected in the expenses
volume for the recreation and culture,
produced films and newspapers and exported
creative goods and services. Country code
domains, Wikipedia editors, and mobile app
creation evaluate online creativity (Global
innovation index, 2019). The last dimension
is expressed in the creative outputs. And
again, as it was explained in the previous
dimension, China is the pioneer in this field.

Overall ranking position for China is 14th
supported by impressive second place for the
component intangible assets. Brazil and
India reported decline in their ranking
positions. Low rankings of online creativity
are noticed for all BRICS members.

4. METHODOLOGY

The main goal of this study is to extract
the most influential components that affect
the GII score in the BRICS countries and
evaluate their individual influence on the GII
ranking. The decision-making framework for
selecting components is supported by
empirical findings that provides factor
analysis. In this case, the selected type of
factor analysis is principal component
analysis (PCA). PCA is engaged in reducing
the number of components to minimum so
they can be employed to construct a reliable
predictive  model. The appointed
methodological approach for establishing
predictive model that can explain the
behaviour of components is multiple linear
regression (MLR). The predictive power and
quality of the regression model outcome will
be evaluated through comparing calculated
values with the realized GII score. Therefore,
a hybrid PCA-MLRA methodology will be
used to explain inner relationships in the GII
structure. Figure 3 illustrates the research
phases in details.

The research phases derived from the
study simplify complex hierarchical
structure of GII into several steps. The first
step considers gathering data for the study
and preparing a suitable dataset. General
statistical parameters and correlations are
computed in this first phase. The second step
acquires running a PCA factor analysis to
reduce a certain number of variables to one
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or few components in each dimension that in
the most suitable way explain the correlation
among the components in the same group
and name it for the group representative. In
the third step, the reduced variables that
represent the foundation for MLR model are
used to build a predictive model of GII score.
In that way, a mass of dimensions’ elements
will be replaced with predominant elements
and it will enable construction of predictive
regression equation that consists of a few
most important elements.

4.1.
(PCA)

Principal component analysis

PCA is an often-used tool for narrowing
large data that are used in researches to an
understandable form without losing the most
important information variability from the
initial dataset (Jolliffe & Cadima, 2016).
PCA is an artificial intelligence algorithm for

analyzing variety of correlated variables to
extract the right number of them so that the
total amount of data can be reduced using
linear transformation for simplifying further
analysis and the new variables are called
principal components (De Silva et al., 2019
Mamipour et al., 2019; Ahmed et al., 2020).
The number of extracted components equals
to the initial number of variables and from
those extracted components only few of
them can be selected for further investigation
and selected components in the most credible
way depict original information (Xu et al.,
2020). The process of selecting principal
components is based on the rule that the first
component accounts for major fraction of the
total variance (Lamichhane et al., 2021).
Other rules that can be employed to select
principal components include eigenvalues
and analysis of scree plots (Rodionova et al.,
2021). PCA analysis is a multivariate
technique for extracting the most important
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information from big data sets; it is simple
and non-parametric method (Shlens, 2014).
Underlined by mathematical formulas, PCA
allows users to identify patterns in the data
easier than in the original dataset
(Richardson, 2009).

4.2. Multiple linear regression (MLR)
analysis

Regression analysis is used to identify
correlations usually among one or more
independent variables and one dependent
variable among which is MLR analysis
(Tabrizi & Sancar, 2017; Mehmanpazir et al.,
2019). MLR is a powerful tool for
discovering future values of variables based
on the information collected in the past from
the explanatory variables (Maaouane et al.,
2021). MLR model is given in the following
part (Perez, 2017; Abrougui et al., 2019):

Yi=botbx; +byx; 5t -bpx; e, (1)
Where,

v; - dependent variable;

b, - intercept;

x;; - independent variables;

b, - vector of regression coefficients;
e; - random measured error.

5. RESEARCH RESULTS

Following section introduces primary
empirical findings following the order
illustrated in the Figure 3. First group of the
research results discuss computed statistical
parameters distinguished for GII dimensions
and explain the results in practice. The most
important statistical indicators for all seven
dimensions that comprise GII in BRICS are
reported in the Table 1. The maximum value

of the dimensions is recorded for institutions
(71.6) followed by market sophistication
(66.0). The lowest values are confirmed with
human capital and research (18.5) and
knowledge and technology outputs (18.9).
Reported values are used to provide a better
understanding of the evaluation score of each
GII dimension for BRICS economies. The
largest diversity in dimension score values is
noticed in knowledge and technology output,
while the lowest difference is seen in
creative outputs. Empirical findings in
BRICS suggest that dimensions in the sphere
of innovation inputs are more advanced than
innovation output dimensions.

When it comes to the average statistics in
individual members of BRICS from 2011 to
2021, the results are following. Institution
dimension is evaluated with the highest score
and slight difference between minimum and
maximum value in Brazil, Russia and South
Africa. In India, dimensions like institutions
and market sophistication record the highest
scores. Results gathered for China are the
best in comparison to the other BRICS
members. China is achieving great scores in
both, input and output innovation
dimensions. Overall conclusion of the
BRICS members’ results is that institution
dimension 1is the strongest evaluated
dimension in the GII structure.

Calculated correlation among dimensions
is the following. Statistically significant
Pearson’s correlation for innovation input
dimensions is recorded in the relationship
between components human capital and
research (r =0.599; p = 0.000), infrastructure
(r = 0.659; p = 0.000), market sophistication

(r = 0.289; p = 0.000), business
sophistication (r = 0.840; p = 0.000),
knowledge and technology outputs

(r = 0.907; p = 0.000) and creative outputs
(r=0.774; p = 0.000) towards the dependent
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Table 1. Overall descriptive statistics for BRICS countries

= =}
O = O = T 5 5 = 3 2 82 o 3
Brazil  Min 3194 5040  30.10 3570 3560 3580  18.90 18.60
Max 3775 60.60  37.50 4830 4520 4440  30.50 46.90
Mean  34.69 5531 3359 4176 4264 3879 2479 29.27
SD 1.82 3.06 2.61 4.04 3.53 2.68 3.04 8.27
Var 3.31 9.34 6.79 16.34 1243 7.17 9.25 68.41
Russia ~ Min 35.63  49.10 4380 3640 3500  31.80  26.40 22.80
Max 3930 63.10 5040 4750 4970 4490  38.40 31.40
Mean  37.67  57.02 4687 4203 4438 3832  31.32 28.29
SD 1.25 4.07 2.36 3.85 4.96 4.14 4.52 2.71
Var 1.56 1659 5.6 1480  24.65 17.12 2042 7.36
India Min 3170 3840 1850 2750 4460 2640  24.80 20.60
Max 3658 6470 3410 4460 5630  37.60  34.70 40.70
Mean 3497  53.64 2785 3720  50.68 3069  31.81 28.65
SD 1.48 7.41 6.02 5.59 4.07 3.18 2.96 7.52
Var 2.18 5496 3626 3126 1660  10.10  8.79 56.56
China  Min 4470 39.10 3140 3980 4780 4180 5270 31.90
Max 5482 6460 5060 5870 6150  56.00  61.80 48.30
Mean 4997 5490  44.65 5144 5466  50.61 56.81 41.20
SD 3.91 7.98 5.72 6.08 4.20 5.17 2.58 5.91
Var 1528  63.71 3277 36.98 17.64 2676  6.67 34.91
South  Min 3267 6560 2370 2180  57.00 2930 2120 19.80
Aftica  Max 3820 7160  33.10 4340  66.00 4230  29.10 37.80
Mean 3563 6838 2951 3452 60.41 34.15 2456 27.03
SD 1.93 2.24 2.71 6.65 3.15 4.24 2.93 5.55
Var 3.71 5.02 7.35 4420 995 1800  8.58 30.76

GII score. Interpreted correlation results
provide empirical evidence about their
importance for determining GII ranking.
Positive correlation values indicate that
increase in score dimension values improves
overall GII ranking. When it comes to the

significant correlation outcomes on
macroeconomic level the situation is
following. In the case of Brazil, the

strongest statistically significant positive
correlation is reported between creative

outputs with the GII score (r = 0.945; p =
0.000). The same results are reported in
China and South Africa, where dimension
creative outputs highly correlates with the
GII score (r=10.945; p=0.000 and r = 0.915;
p = 0.000).

Prior running the PCA factor analysis for
reducing dimensions a Bartlett's test of
sphericity is performed. Bartlett's test of
sphericity is used to assess whether the
aggregated dataset is convenient for
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reduction technique. It is employed to
control and manage correlation within
groups of variables. The results of the
performed test are presented in the Table 2
and the computational outcome shows
statistically significant correlations among
six GII dimensions (p<0.05) with degree of
freedom that equals to three and appropriate
Chi-square values. The only exception is the
dimension of infrastructure where the value
of statistical significance is higher than the
chosen significance value of 5%. The
outcome of the test approves the use of the
following dataset for reducing dimensions by
means of PCA analysis.

The second phase in the research is to
perform the PCA factor analysis. PCA is
done separately for each individual
dimension that constitute GII. The selected
methodological approach for the rotation is
orthogonal varimax method. Decision about
how many components to retain or reject is
made by analyzing the outcome of the total
variance explained by the components in the
Table 3 and comparing it with the results
illustrated in the Figure 4 with the help of
scree plots. The adopted extraction method
for both procedures assume eigenvalue value
greater than one. The results obtained by
explained variance outcome of the scree
plots match in all seven cases. The PCA
provides one-factor and two-factor solutions
based on the eigenvalues. Cumulative values

Table 2. Bartlett's Test
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of the explained variance in each dimension
is higher than 50%, which is a desired
outcome. The slope of change for every
dimension differs in each scree plot and
offers valuable graphical solution.

Summarized results of the components’
matrix are presented in the Figure 5.
Correlations between selected items and
components are  strongly  positive.
Dimensions human capital and research,
infrastructure, business sophistication,
knowledge and technology outputs and
creative  outputs propose one-factor
solutions. While institutions and market
sophistication suggest two-factor solutions.
The selected one-factor and two-factor
solutions present the foundation for
constructing the MLR equation in the form
of predictors.

The third and final phase in the research is
dealing with MLR analysis. MLR
computational outcome allows assessing the
level of influence that each integrating
component/variable is achieving on the GII
score. Its role is to report the essential
components from the reduced set of
components that constitute GII score by
means of regression analysis. Predictive
items that are considered in the regression
model as input values are made of political
environment, business environment, R&D,
general infrastructure, investment, trade,
competition and market scale, knowledge

Dimension name Label Bartlett's Test of Sphericity
Approx. Chi-Square df Sig.
Institutions 1 17.636 3 .001
Human capital and research HC_R 19.938 3 .000
Infrastructure INF 6.727 3 .081
Market sophistication MS 36.947 3 .000
Business sophistication BS 44.986 3 .000
Knowledge and technology outputs KTO 62.028 3 .000
Creative outputs CO 34.211 3 .000
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Table 3. Total variance explained

Component Initial Eigenvalues
Dimension Total % of Cumulative
Variance %
Institutions 1 1.461 48.698 48.698
2 1.092 36.402 85.100
3 0.447 14.900 100
Human capital and research 1 1.596 53.211 53.211
2 0.963 32.106 85.317
3 0.440 14.683 100
Infrastructure 1 1.395 46.514 46.514
2 0.919 30.650 77.164
3 0.685 22.836 100
Market sophistication 1 1.617 53.910 53.910
2 1.108 36.927 90.837
3 0.275 9.163 100
Business sophistication 1 1.832 61.052 61.052
2 0.917 30.570 91.622
3 0.251 8.378 100
Knowledge and technology 1 2.183 72.762 72.762
outputs 2 0.574 19.139 91.901
3 0.243 8.099 100
Creative outputs 1 1.845 61.516 61.516
2 0.843 28.116 89.632
3 0.311 10.368 100

workers, knowledge impact and intangible
assets. Before constructing the regression
equation some elementary indicators have
been computed. Pearson’s correlation is
performed to identify the nature of the
relationship between remained components
and the GII score. The relevant correlation
outcome is recognized in innovation input
components like R&D (r = 0.826; p = 0.000)
and general infrastructure (r = 0.790; p =
0.000). Concerning innovation output
components, the relationship that knowledge
impact (r = 0.807, p = 0.000) and intangible
assets (r = 0.820, p = 0.000) achieve with the
GII score is highlighted as extremely high and
positive. In addition, a variance inflation factor
(VIF) has been computed in order to obtain
collinearity  diagnostics. The feedback
information of the VIF test approved further
use of the selected components for
constructing regression equation (VIF < 10).
Regression model statistics consists of

Pearson’s correlation (R = 0.982), coefficient
of determination (R2 = 0.964), standard error
of the estimate (SEE = 1.300). The model
expressed statistical significance (p = 0.000).
Computed unstandardized values of the GII
score that are the outcome of the regression
analysis are compared with observed GII
scores. The comparison outcome is graphically
illustrated in the Figure 6 and it reports high
coefficient of determination between the two
elements (RZ = 0.991).

Regression analysis outcome provided
significant information about unstandardized
coefficients that determine the final regression
equation result. The influence of the
components is presented in the following
rising order: investment (-0.026) — R&D
(0.032) — trade, competition and market scale
(0.041) — business environment (0.044) —
political environment (0.061) — knowledge
impact (0.091) — intangible assets (0.102) —
knowledge workers (0.129) — general
infrastructure (0.140).
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Figure 4. Scree plot for dimension components



GIL

-{ Innovation inputs ’-—

1 Petkovski / SIM 18 (1) (2023) 1 - 26

-‘ Institutions ’—-

Regulatory
environment

H ¢1=0.768; c2=-0.492

-

Human capital and
research

Education c1=0.866

—

Tertiary education ¢1=0.305

L

-

—{ Infrastructure ’-—

—‘ Market sophistication ’-—

ICT c1=-0.504

1

Ecological ~
ﬂ sustainability —"| c1=0.734
ﬂ Credit ———| ¢1=0.818; ¢2=0.475

—{ Innovation ouptuts ’—

Knowledge and
technology outputs

Business _
ﬂ sophistication ’-—ﬂ Innovation linkages ——-‘ c1=-0.436
ﬂKnowledge absorption ﬁ c1=0.887
—( Knowlegde creation —-‘ c1=0.891

ﬂ Creative outputs ’-—

¢1=0.761

Creative goods and

services c1=0.822

- —

Online creativity c1=-0.592

w—

Figure 5. GII structural model with reduced components

17



18 1. Petkovski / SIM 18 (1) (2023) I - 26

Furthermore, gathered values of the GII each BRICS country in the Figure 7. The
score that are realized and the computed illustration is providing visual information
regression outcome are demonstrated for about GII rank for the observed timespan.
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Figure 6. Realized and unstandardized predicted GII values in BRICS countries
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Figure 7. Disparity between realized and unstandardized predicted GII values in BRICS countries
from 2011 to 2021
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6. DISCUSSION

Innovation is a major driver for
developing sustainable competitive
advantage in a global market (Hameed et al.,
2021). It provides a wide range of
possibilities, especially in emerging
economies like BRICS to foster national
innovative performances (Feng et al., 2019).
The main aim of the study was to distinguish
valuable components that comprise GII
dimensions for the future GII ranking by
reducing its number to a few most important
features. Empirical results presented in this
study serve as a guideline for BRICS
innovation practice in terms of summarizing
their innovation input and output results in
the eleven year timespan. The research
outcome is used to outline successful
innovation practice and reveal innovation
domains with poor outcome. In brief, the
essential knowledge that arises from this
survey is the following.

The most successful of all BRICS
economies judged by the majority of
innovation dimensions is China while South
Africa is recognized as a country with the
highest number of low ranks of GII
dimensions followed by Brazil. Innovation
activities in Brazil have declining character.
Dominant impact on the GII score share
components like general infrastructure,
intangible assets, knowledge impact and
knowledge workers therefore they should be
the starting and inevitable elements in any
future innovation strategies and policies.
Innovation environment in Brazil is
supported by  developed  business
sophistication and is constrained by poor
knowledge and technology outputs. Efforts
for developing innovation in Brazil are
recognized in great results in the sphere of
R&D activities, trade and competition

regulation, knowledge workers and
knowledge absorption. However, critical
points in innovation development are weak
infrastructure, poor credit and investment
opportunities. Therefore, better innovation
climate in Brazil can be secured by
government’s regulation of critical points
perceived in the market context that could
allow easier access to the required financial
resources. Russia’s innovation performances
are strongly empowered by progression of
human capital and research especially in the
sphere of tertiary education. Challenges for
developing innovation in Russia are seen in
poor institution regulations in the context of
political and regulatory environment. In
general, innovation linkages in Russia are at
an enviable level however, they are not
exploited enough since the linkage between
universities and industry is not reached.
Investment environment in Russia reports
poor performances. In India trade,
competition and market scale results are
among the best results in the world and are
followed by considerable knowledge
diffusion. The main obstacles in improving
innovation performances are insufficient
ecological sustainability, low education
among population, inadequate business
environment and not enough knowledge
workers. These are the key points that need
to be addressed in the future innovation
strategies. In the case of China innovation
performances are better than other BRICS
countries. China is doing excellent job in
trade, competition and market scale,
knowledge and technology outputs when it
comes to the creating knowledge and its
impact. China has developed its creative
outputs especially in the sphere of intangible
assets. However, there are some identified
challenges and the most important among
them is ineffective regulatory environment,
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tertiary education, online creativity and
investments. China needs better planning of
regulatory environment in order to enhance
innovation performances. In addition, South
Africa is achieving considerable results in
market  sophistication domain  and
investments, however the greatest problem is
recognized in tertiary education, ecological
sustainability and creative goods and
services.

By looking at the outcome of the overall
BRICS scores, the research outcome of the
PCA discovered special role of the institution
dimension reflected in political and business
environment that manage the innovation
development. This result is in a way
anticipated since government’s role in
addressing innovation targets through
developing innovation strategies is crucial.
BRICS economies are highly dependent on
political framework and governments should
contribute to the effectiveness of the
transformation process by providing support
for any initiative towards innovation. There
is also an important role of public research
institutes in helping organizations to cross
the gap between the basic research and
development (Intarakumnerd & Goto, 2018).
Business environment is the second source
of innovation incentives since organizations
are encouraging employees to express their
creativity at work to strengthen their
competitiveness. Important element in
shaping the innovation among employees is
national culture and it should be considered
when  discussing about innovation
capabilities of nations (Boubakri et al.,
2021). The following dimension of GII that
considers human capital and research
supports this interpretation. Predominant
component of this dimension is research and
development that is imperative for achieving
any innovation prosperity. Development of

general infrastructure is important to
consolidate basics needed for the innovation
activities. Here a special attention must be
focused towards providing ecological
sustainability of the infrastructure. When
discussing market sophistication that is made
of credits, investments, trade, competition
and market scale, the attention is focused
towards expanding investments that can be
used to develop some aspects of innovation
process. The most important feature of the
business sophistication dimension is
recognized in the number of knowledge
workers. Lack of knowledge workers can
produce innovation slowdown and less
innovation output results, therefore BRICS
countries must nurture innovative culture in
organizations. Human resources are the
major input factor in organizations and
governments that create innovation
capability (Intarakumnerd & Goto, 2018).
The most important knowledge and
technology output is recognized in the
knowledge impact. On the other side, the
most important creative output is seen in
intangible assets.

Next research phase that included MLR
model discovered component intangible
assets as the most contributing predictor of
the GII score. Components that follow the
predominant component of general
infrastructure are knowledge workers,
intangible assets and knowledge impact.
These are the four main predictors of the
innovation development in BRICS. There is
overlap between conducted study by Franco
and de Oliveira (2017) with the regression
results obtained by this study. However, this
study goes deeper into the question of
innovation successfulness of BRICS and
provides accurate information about which
components among described dimensions need
to be improved. Furthermore, prediction
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power of the regression model is straighten
by including components as innovation
predictors rather than dimensions. The study
results are partially supported by another
survey conducted in 2017 (Khedhaouria &
Thurik, 2017) where authors provided
evidence about the importance of developing
all innovation input dimensions to increase
country’s innovation capability.

So far, the explained components were the
ones that achieve highest prediction abilities
towards the GII score. However, the rest of
the components from the GII structure
represent those aspects that BRICS countries
do not advance as required. Meaning that
BRICS economies have to put additional
effort to develop their regulatory
environment, improve education and
infrastructure needed for any development.
Some scholars (Filippetti & Guy, 2020) have
already confirmed that knowledge and skills
diversity offered by universities facilitates
innovation capability of population rather
than acquiring narrow education. For
improving market sophistication countries
should secure available credit sources and
appropriate investments. In case of the
business sophistication, stakeholders should
work on improving gaps in innovation
linkages and  knowledge  workers.
Universities is given a special place of
institution actors in enabling innovation
linkage with national innovation systems and
business sector (Datta et al., 2019). In order
to enhance innovation output attention
should be directed towards creating
knowledge and knowledge diffusion,
moreover to expand creative goods and
services and online creativity. Governments
need to adjust the education profiles and
skills attained by population to satisfy future
demands that innovation systems suggest
(Wiseman & Anderson, 2012).

7. CONCLUSION

In this study, global innovation index
(GII) has been used as a foundation to
evaluate the primary innovation predictors
based on the various components in each GII
dimension. For that purpose, a hybrid PCA-
MLR methodology has been engaged to
analyze the structure of the GII components
and retain the most important among them
for predicting the GII scores. The study has
highlighted the pioneers in the innovation
field among BRICS economies and
underlined the main weak points in
transformation towards innovation.

Following empirical findings are also the
main conclusions regarding the BRICS
innovation progress and a brief overview of
the innovation priorities in emerging
economies. The largest problem for BRICS
is recognized in dimensions that represent
institutions and infrastructure where BRICS
achieve the lowest ranks compared to other
dimensions. On the other side, BRICS
economies are reporting fine progress in the
sphere of trade, competition and market
scale where they record the highest ranks.
BRICS members should tend to overcome
low scores in institutions by focusing more
attention towards developing innovation
climate through different policies and
regulations. Additional work in BRICS is
needed in providing appropriate
infrastructure that allows further innovation
growth and support for increasing creative
outputs. Proposed guideline for enhancing
innovation performances will allow
supportable environment for boosting
competitive advantage on the global market.

The main limitation of the study is
recognized in the low number of economies
that are included into the survey. However,
this study tends to find its application in the
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future planning of the BRICS innovation
strategies. Making plans for the future
development of innovation activities is
another opportunity to employ the research
results. The results of the study can be used
for comparison with other economy
grouping. Future research can be inspired by
investigating the value of developing certain
innovation dimensions in practice.
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CTPYKTYPHHU PCA-MLR MOJAEJ HHOBAIIMOHOI' OKPYKEIbA
Y 3EMJ/bBAMA BPUKC-A

Ivana Velickovska

)% E3: 001§

[Iponec mobanu3auyje u3a3uBa MPOMEHE Ha TPXHUIITY Y (OPMU HMHTEH3MBHE KOHKYpEHIIH]E.
ExoHomuje MOTy omcratd CTHLIAHEM KOHKYPEHTCKE MPEAHOCTH Ha TIOOATHOM TPXKHUIUTY IyTeM
pa3Boja WHOBaUMWja. [JIaBHU LMJb OBOT E€MIHMPH]CKOT HCTPaXMBama jeé OTKPUBAbC HajBaKHHjUX
KOMIIOHEHTH MHOBallMja Koje YMHE CTPYKTypy mioOamHor mHaekca nHoBanuja (GII) u eBamyanuja
BUXOBOT yTHIaja HAa O0BO paHrupame y 3emsbama bPUKC-a. [loganm o MHOBaMoOHOM mpouecy
MPUKYIIJBEHU Cy Ha OCHOBY pesyirara paHrupama GII akymymupanux ox 2011. no 2021 rogune.
Pesynrar ananuze maBaux xommnoneHTH (PCA) mpenasnake [eBET KOMIIOHEHTH KOje€ NPENCTaBIbajy
cemam aAuMeHsMja. M3aBojeHe KOMIIOHEHTE Cce Jajbe KOPHCTE y PErpecroHOj aHaJM3u Kako Ou ce
(dopmupana jerHauMHa BUILECTpYyKe JmHeapHe perpecuje (MLR) 3a npensubhame GII pesynrara koju
ce KOpHUCTe y YKyImHOM panrupamy. Hooujeno MJIP pememe ykasyje Ha BaxxkHe MLR pesynrare ca
BHCOKUM KOeUIMjeHTOM jaeTtepMmuHaiyje, rae ce 98,2% Bpeanoctu GII objammaa u3aBojeHUM
komroHeHTama. JlomunantHu edexktn Ha GII mocTmwxky ce mHyTeM KOMIIOHEHTH OIIITa
WHPPACTPYKTYpa W pamHuuu 3Hama. LlltaBume, ynopeana aHanu3a cTBapHHUX M m3padyHatux GII
pesyntara mokasyje mpekianame o 99,1% msmely oBe nBe Bpeanoctu. llpouemenu pesyaratu
PCA-MLR ananuze ciyxe 3a aHaiIM3y yclexa pa3Boja HHOBAaMOHHMX MeppopMaHCH y 3eMibama y
pa3Bojy ynopehuBameM HHAEKCA HHOBaLHWja KOju mocTHxy 3eMibe BPUKC-a.

Kwyune peuu: naoBanuje, rnodainu nHopanmonu nuaekc, bPUKC, ananu3a rimaBHUX KOMIOHEHTH,
perpecuja
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