2024,VOL 14,N0 2, 1153-1184

o DU S miien DOI: 10.48146/0dusobiad. 1519120

- Received Date: 19.07.2024

S 0 B I A D Acceptence Date: 16.11.2024

Research Article Research Article

Evaluating the effects of socioeconomic factors on economic
complexity

Volkan Eteman'®, Dilek Veysikarani'

"Munzur University, Faculty of Economics and Administrative Sciences, Department of International Trade and Business,
Tunceli, Tiirkiye.

ABSTRACT

This study presents an analysis of the relationship between the economic complexity index (ECI) and various
socioeconomic variables. The complexity of the economy is an important indicator of a country's ability to
produce and its knowledge base. ECI-high countries are generally more technologically advanced, with a more
diverse and sophisticated production structure, higher levels of education, and better income distribution. We
used canonical correlation analysis to analyze the relationship between ECI and socioeconomic variables. A
variety of socio-economic variables were considered in the analysis based on 2021 data, including the GDP,
foreign direct investments, political stability index, innovation index, and average life expectancy. The importance
of trade, technology, and research has been examined as indicators of economic complexity. Based on the results
of the analysis, ECI and socio-economic variables have strong positive relationships. Among the three indices of
economic complexity, the innovation index has the strongest positive correlation, followed by GDP and life
expectancy. Economic complexity variables are positively correlated with foreign direct investments, even though
the relationship is weaker.
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Introduction

In the contemporary global economy, a nation's economic development is no longer exclusively
determined by capital accumulation; its production capacities also play a significant role
(Hausmann & Hidalgo, 2011). In particular, both developed and developing nations require
product diversity and complexity for sustainable economic growth (Karasoy, 2022). Economic
development and growth are closely related to the diversity and complexity of a country's
production structure. In this context, the Economic Complexity Index (ECI) is a crucial indicator
that measures an economy'’s production capacity and knowledge base. The ECI is a metric that
can be used to assess the economic structure of a nation by evaluating the diversity of its
exports and the sophistication of these products. A high ECI value indicates that a country’s
production structure is both complex and diverse, thereby relying heavily on knowledge and
technology. This level of complexity can significantly influence not only economic growth but
also a range of socioeconomic indicators. For instance, a high ECI is often associated with
higher education levels, more advanced infrastructure, greater technological utilization, and
improved living standards.

This study aims to conduct an in-depth examination of the relationships between economic
complexity and various socio-economic variables. In particular, it seeks to investigate how
economic complexity interacts with socio-economic indicators such as education level, income
distribution, and technology use. Canonical correlation analysis, a multivariate statistical
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method designed to explore multiple interrelationships, will be employed to analyze the
reciprocal associations between the ECI and these socio-economic variables. A high ECI has
been demonstrated to support economic growth through the enhancement of educational
quality and the improvement of the workforce's knowledge and skill levels. Moreover, the
adoption of technology has been shown to promote the development of innovative products
and processes, thereby enhancing competitive advantages. Reductions in income inequality
lead to more inclusive economic growth and promote social welfare. In this study, the effects of
ECI on these socioeconomic indicators will be analyzed by examining selected countries using
2021 data.

The Economic Complexity Index (ECI) describes the complexity of an economy as the average
complexity of its products, a definition that can be mathematically derived using linear algebra
(Albeaik et al., 2017). Another definition posits that the ECI is calculated as an index measuring
a country's level of economic development and the complexity of its export structure (Hidalgo
& Hausmann, 2007). This index was developed by Hidalgo and Hausmann to represent an
economy's production structure, providing insights into the diversity of an economy's
comparative advantages and the distinctiveness of specific products (Hidalgo & Hausmann,
2009). The ECI assesses a country’s product mix and exports by examining both the diversity
and sophistication of its output. A high ECI indicates that the economy is not only diverse but
also sophisticated, as evidenced by the export of products with relatively low ubiquity.

By measuring the accumulation of knowledge in trade, the ECI reflects an economy’s production
capacity. It proves useful for predicting income levels and understanding economic
development (Dar et al,, 2020; Hausmann et al., 2014).

The ECI methodology developed by Hidalgo and Hausmann to measure the complexity of
products and countries uses economic data to provide the following information:

(@) A country’s degree of complexity,

(b) A strong correlation with economic growth,
(c) Anindication of future growth performance.
(d)

d) Providing empirical evidence that a country’'s development level depends on the
complexity of its economic structure and thereby forecasting future export complexity
(Yildiz & Akbulut Yildiz, 2019).

In order for countries to enhance their level of economic complexity, they must increase their
competitiveness in the production of complex goods. In this context, a country’s economic
complexity level varies according to the complexity of the products it exports (Hausmann et al.,
2014). Itis crucial that the products of countries possessing a complex production structure are
not easily imitated in terms of knowledge and skills, and it has been observed that such
countries differentiate themselves from others in the realm of production. If a product can be
manufactured by many countries, this may suggest that the knowledge and skills of those
countries are not sufficiently advanced (Can & Dogan, 2018).

ECI values can be calculated on both country and product bases. When calculated at the country
level, the ECI reflects the average of the products exported by a country and the diversity of other
countries exporting those products. On the other hand, at the product level, the ECI accounts for
the diversity of the countries exporting a given product and the average of the other products
exported by those countries (Yaméogo et al., 2014).

In ECI computation, a matrix M, is formed as the starting point. In this matrix, the notation”
denotes the relevant country, while “represents the output in question. If a particular output is
part of the total production volume, it is assigned the value T; otherwise, it is assigned 0. When
the rows and columns of the M., matrix are summed, and the resulting equations are provided
in Equation (1) and Equation (2) (Turk, 2023).
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Based on Equation (3), the aim is to calculate production diversity, differences in product
combinations, and the ubiquity of other produced goods. This process ultimately leads to the
derivation of the ECI
equation

7 _ MCPMc’p 3
cc! = me 3)
M.., The highest eigenvalue of the matrix and its corresponding eigenvector exhibit a reciprocal
interaction. When the matrix values are set to 1, they display properties that yield informative
insights. In this context, by examining the eigenvector associated with the second highest
eigenvalue, the final ECI equation presented in Equation (4) is
obtained
EC] = K—<K> _
standard error(K)

4)

In Equation (4), <> represents the average, K denotes the eigenvector of M, corresponding to
the second highest eigenvalue. Each computed index value represents the economic complexity
level of the respective country. The higher the obtained score, the greater the country's
accumulated knowledge, skills, and ability to utilize them effectively.

In this context, the study consists of five main sections. The first section comprises the
introduction, providing a detailed explanation of the Economic Complexity Index (ECI). The
second section presents an overview of various studies conducted on ECI in both domestic and
international literature. The third section covers the variables used in the study as well as the
methodology and statistical analysis. The fourth section presents the analysis results. Finally,
the fifth section contains the conclusion and discussion.

Literature review

This section presents a selection of studies from both domestic and international literature on
the Economic Complexity Index (ECI) and its relationship with various economic variables.

Hidalgo and Hausmann (2009) established the foundational principles of the economic
complexity concept. They demonstrated that a nation's economic complexity, measured by the
diversity and sophistication of its exports, is closely associated with its income levels. Their
study highlights the critical role of economic complexity in future economic growth,
emphasizing that countries should focus on strategic development efforts to achieve higher
levels of complexity (Hidalgo & Hausmann, 2009).

In their study, Ferrarini and Scaramozzino (2016) evaluated the impact of production complexity
on economic growth and output levels for 89 countries grouped by income level. Their analysis
revealed that an increase in complexity exerts a positive effect on human capital and raises
economic growth (Ferrarini & Scaramozzino, 2016).

Zhuand Li (2017) measured the economic complexity of 210 countries to investigate the impact
of economic complexity and human capital on economic growth. Their findings indicated that
high-income economies exhibit greater complexity relative to low- and middle-income
economies, and both economic complexity and human capital exert positive effects on growth
in the short and long term. Furthermore, they reported that the positive interaction between
human capital and economic complexity accelerates economic growth and that secondary
education, as a proxy for human capital, has a stronger influence on economic growth (Zhu &
Li, 2017).
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Lybbert and Xu (2021) developed an innovation-adjusted version of the ECl and compared it to
the original measure. Their findings showed that the innovation-adjusted index possesses a
stronger predictive power for economic growth than the original ECI. Despite this advantage,
the innovation-adjusted index also exhibits higher correlation values (Lybbert & Xu, 2021).

Yildiz and Akbulut Yildiz (2019) examined the relationship between economic complexity and
growth in ten newly industrialized countries. Employing the ECI proposed by Hidalgo and
Hausmann, along with the real GDP data in Konya's causality test, they found a one-way effect
from economic complexity to growth (Yildiz & Akbulut Yildiz, 2019).

Nisanci et al. (2019) analyzed the relationship among the ECI, per capita income, and export
values in G8 countries using a panel causality approach. The Granger causality test revealed a
relationship between per capita income and economic complexity. Conversely, the Dimitrescu-
Hurlin test demonstrated a causal relationship between exports and both per capita income and
economic complexity. (Nisanci et al., 2019).

Sahin and Durmus (2020) investigated the relationship between economic complexity and
financial development, capital investments, foreign investments, and patent applications in
newly industrialized countries from 1990 to 2017. The findings of the study indicated that in
certain countries, foreign investments and domestic patent applications exhibited a correlation
with economic complexity. Conversely, no such association was observed between gross fixed
capital formation and economic complexity (Sahin & Durmus, 2020).

Mao and An (2021) aimed to examine the relationship between the Economic Complexity Index
(ECI) and development levels through various analytical methods. Using data from middle- and
high-income economies between 1995 and 2010, they found that a one-unit increase in the ECI
leads to approximately a 30% rise in the level of development. It was also noted that human
capital plays a significant role in the development of the ECI. Foreign direct investment,
especially in middle-income countries, has been shown to boost the ECI (Mao & An, 2021).

In their study, Udeogu et al. (2021) employed data from OECD countries to demonstrate that
product complexity serves as a robust predictor of long-term economic growth. They concluded
that an increase in the ECI exerts a positive influence on economic growth. Among the various
innovation indicators, the ECI was found to be the most effective in predicting long-term growth
(Udeogu et al., 2021).

Bayar (2022) applied panel data analysis to investigate the link between economic complexity
and growth for CIVETS countries over the 1995-2019 period. The results showed that economic
complexity has a positive and significant impact on economic growth (Bayar, 2022).

Tlrk (2023) explored the relationship between energy consumption and economic complexity
in BRICS-T countries via panel data analysis and observed that nations dependent on external
energy sources must prioritize product sophistication in their economic growth strategies (Tdrk,
2023).

Throughout the literature, the ECI developed by Hidalgo and Hausmann (2009) has been shown
to have a robust association with economic growth and development. However, most existing
studies tend to focus on one-way causal relationships. By examining the mutual interaction of
socio-economic variables through canonical correlation analysis, this study aims to offer a fresh
perspective to the literature (Hidalgo & Hausmann, 2009).

Methodology

This study investigates the multidimensional relationships between two sets of variables: (1) a
set of socio-economic variables, including GDP, foreign direct investments, political stability
index, innovation index, and average life expectancy, and (2) an economic development index,
which is composed of the trade, technology, and research dimensions. The research aims to
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identify canonical components that maximize the shared variance between these two sets and
to analyze the strength and direction of linear relationships. The analysis is conducted using
canonical correlation analysis. The research model developed for this study is illustrated in
Figure 1, within the framework of canonical correlation analysis.

Foreign Direct
Investments (FDI)
: E i
Political Stability Socio- De:;?:.:nt Tres e
Index Economic X YP =
Average Life
Expectancy

Figure 1 Research model
Data

The economic development index used in this study consists of three sub-dimensions: trade
(Y4), technology (Y2), and research (Ys). The set of socio-economic variables, designed to
examine the existence, strength, and direction of the relationship between economic
development and socio-economic indicators, was selected from the variables presented in
Table 1, with all variables corresponding to the year 2021. Correlation matrices of alternative
variable sets were analyzed to limit possible combinations of these factors in order to construct
a dataset that simultaneously evaluates social and economic factors. Based on this analysis,
the set of variables presented in Table 1 was incorporated into the study.

Research

Table 1 Variable sets and their components related to the study

X, Gross Domestic Product (GDP)
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The variable labeled X;, Gross Domestic Product (GDP), is calculated by dividing a country’s
gross domestic product per capita by the mid-year population. The data used in this study are
referenced in 2015 U.S. dollars. This adjustment ensures that nominal values are converted into
real values, eliminating the effects of inflation or deflation by using 2015 as the base year. The
variable labeled X, Foreign Direct Investment (FDI), refers to the transfer of equity capital from
a business established in one country to an enterprise located in another. This investment
grants the investing entity a controlling stake of more than 10%, thereby enabling influence over
the management of the foreign enterprise. The variable labeled X, the Political Stability Index,
measures the perceived likelihood of a government being destabilized or overthrown through
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unconstitutional or violent means, including politically motivated violence and terrorism. This
index is derived from the average scores of indices created by institutions such as the World
Economic Forum, Political Risk Services, and the Economist Intelligence Unit, and it ranges
between -2.5 and 2.5. The variable labeled X4, Innovation Index, consists of two sub-dimensions:
innovation input and innovation output. This index integrates indicators related to institutions,
human capital, knowledge, technology, and creative outputs, and it is measured on a scale from
0 to 100. The variable labeled Xs, Average Life Expectancy Index, represents an estimate of the
number of years a newborn is expected to live, assuming that current mortality rates remain
constant at the time of birth.

Each socio-economic variable selected in this study has been chosen to evaluate different
aspects of a country’s economy. Gross Domestic Product (GDP) is widely recognized as a key
indicator for measuring a country’s economic size and overall economic health (IMF, 2021;
World Bank, 2022). Foreign Direct Investment (FDI) reflects the depth of a country's international
economic relations and external economic dependence, playing a crucial role in how investors
assess the economic stability of a nation (UNCTAD, 2021; OECD, 2021). The Political Stability
Index is used to understand the economic implications of a country's political environment and
assess the reliability of its investment climate (Kaufmann et al., 2010). The Innovation Index is
a tool used to assess a nation's capacity for innovation and technological progress in relation
to its economic growth (Global Innovation Index, 2023; OECD, 2022). Finally, Average Life
Expectancy represents a country’'s health and well-being levels, which are directly linked to
economic development (WHO, 2022; UNDP, 2021). These variables have been selected to
facilitate a comprehensive analysis of the relationship between economic complexity and socio-
economic indicators.

The socio-economic data used in this study were sourced from TheGlobalEconomy.com, a
database that compiles and documents over 500 indicators for more than 200 countries using
scientific methods, with data spanning from 1960 onwards. The dataset includes 2021 data for
83 countries, as specified in Table 2 (Global Economy, World Economy, 2024). The year 2021
was chosen as the reference period because it is the most recent year for which all three sub-
components of the Economic Complexity Index (ECI) have been published. The socio-economic
variables employed in the analysis are consistent with the year to ensure comparability and
consistency in the data. 2021. This methodological approach was adopted to maintain the
validity and reliability of the relationships examined between ECI and socio-economic indicators.
In this study, the dependent variable set consists of economic complexity-related data, while the
independent variable set encompasses socio-economic indicators.

Table 2 Countries examined in the study

Examined 83 Countries

Algeria Argentina Armenia Australia
Austria Azerbaijan Bangladesh Belarus
Belgium Bosnia and Herzegovina Brazil Bulgaria
Canada Chile China Colombia
Croatia Czech Republic Denmark Dominican Republic
Ecuador Egypt Finland France
Georgia Germany Hong Kong Hungary
India Indonesia Iran Ireland

Israel [taly Japan Jordan
Kazakhstan Kenya Kuwait Lebanon
Lithuania Malaysia Mexico Moldova
Mongolia Morocco Netherlands New Zealand
Nigeria North Macedonia Norway Oman
Pakistan Panama Peru Philippines
Poland Portugal Qatar Romania
Russia Saudi Arabia Senegal Serbia
Singapore Slovakia Slovenia South Africa

South Korea Spain Sri Lanka Sweden
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Switzerland Thailand Tunisia Turkey
Uganda Ukraine United Arab Emirates United Kingdom
Uruguay Uzbekistan Vietnam

Canonical correlation analysis

In both theoretical and applied research, data-driven studies aim to determine presence of
relationships between variables and, if they exist, to measure their direction and strength. The
objective is to reduce the complexity of problems in the field under investigation and to derive
insights that support decision-making. While correlation analysis is employed for this purpose
in univariate analyses, canonical correlation analysis (CCA) is utilized for multivariate analyses
(Sharma, 1995, p. 391). Canonical correlation analysis (CCA) is a multivariate statistical
technique that examines the linear relationships between two sets of interrelated variables
(Hotelling, 1936). The primary objective of this technique is to determine the linear combinations
of the two variable sets that exhibit the highest correlation (Hotelling, 1936). These linear
combinations refer to the concept of linear relationships, which describe how a change in one
variable set influences changes in the other. The adoption of a mathematically simple and
intuitive structure by CCA establishes a linear foundation for understanding complex patterns
and trends. Linear combinations are newly derived variables created by multiplying the variables
in a dataset by a vector of coefficients and summing the results (Thiebaux, 1974).
Mathematically, the representation of the two variable sets denoted as X and YV, is provided in
Equation (5).

X117 Xap Yir o Vip

X = veY =

)

Yn1 " Ynp
The coefficient vector is expressed in Equation 5, and linear combinations are obtained by

multiplying the data sets with the coefficient vector and adding them, which can also be
expressed as the weighted sum of the variables.(Uurtio et al., 2017).

xnl xnp

aq b,
a= asz veb = b:Z (6)
an bm

In Equation (5), the coefficient vector is represented. By multiplying the data sets by their
respective coefficient vectors and summing the results, linear combinations are obtained. These
linear combinations can also be interpreted as the weighted sum of variables (Uurtio et al,
2017).

The representation of linear combinations for the A and B datasets is provided in Equation
(7).
For X Set: U = ayx1 + ayx, + -+ apx, (7
ForY Set:V = by, + by, + -+ + by ym

The U and V equations represent the linear combinations derived from the respective variable
sets. In canonical correlation analysis (CCA), the objective is to select the coefficients
(a,ay, ..., ay,ve by, by, ..., bp,) that maximize the correlation between these linear combinations
(Fan, 1997; Wilks, 2011). In this regard, CCA can be considered an optimization problem, where
the goal is to Maksimize p = corr(U,V) the objective function (Bohidar & Bohidar, 1994). To
solve this optimization problem, the covariance matrices of the elements within each variable
set are computed to account for inter-variable relationships within the dataset.

var(x,) -+ cov(xq,xp)
Ry = : . : )]

cov(xp,x1) -+ var(xy)
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In Equation (8), R, represents the correlations among the elements within the X variable set.

[ cov(xy,) - cov(xy, Vm)
Ryy = : : )
lcov(xn, x1) -+ var(xpyn)
In Equation (9), R,,, denotes the correlations between the X and Y variable sets.
[ var(y,) < cov(yy, Xm)
Ry, = : s (10)
lcov(Ymy1) - var(ym)
In Equation (10), Ry, represents the correlations among the elements within the Y variable set.
cov(y;x,) - cov(yy, xn)
cov(Ym,x1) - var(Ymxn)

In Equation (11), Ry, represents the correlations between the Y and X variable sets, and it is the
transpose of R, such that Ry, = Ry,"
By utilizing the obtained covariance matrices, the generalized eigenvalue problem is solved,
yielding eigenvalues and eigenvectors (Fan, 1997, Tabachnick & Fidell, 2013, p.
577).
Aa = Rz RyyRyyRyca (12)
Ab = Ry yRyxRyy Ryyb
Solving the eigenvalue problem in Equation (12) yields the A eigenvalue, while a and b represent
the corresponding eigenvectors. These eigenvectors define the coefficient vectors necessary
for constructing the canonical variables (U; ve V;) as shown in Equation (13) (Tabachnick &
Fidell, 2013, p. 578).
U =atX
S (13)

The square root of the lambda A eigenvalue, as represented in Equation (14), corresponds to the
correlation between the canonical variables, known as the canonical correlation.

pi = \/’1_1 (14)

The index i in thep; expression denotes the number of canonical correlations, referring to the
number of possible canonical variable pairs. The number of canonical variable pairs is equal to
the smaller number of elements in the two variable sets being analyzed (Fan, 1997).

First . First

X
ax,
Canonical Canonical

/ Variable Variable
ax, ' ,

Figure 2 Path diagram for canonical variable pairs

In canonical correlation analysis (CCA), hypotheses are formulated to determine whether the
canonical correlation coefficients obtained are statistically significant. The null and alternative
hypotheses, which test whether the coefficients differ significantly from zero, are expressed in
Equation (15).
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Ho:pi =0

Hl:pi *0 (15)

The null hypothesis states that the i canonical variable pair is not significant, whereas the
alternative hypothesis asserts that the i'" canonical variable pair is significant. The test statistic
is calculated using Wilk's Lambda, which is based on the y? distribution. If the calculated y?
value is compared to the table y? value, and the p-value is found to be smaller than the
significance level, H, is rejected and H; is accepted, indicating that the coefficients are
statistically significant (Butler & Wood, 2004; Sharma, 1995, p. 402).

Canonical correlation analysis must satisfy four key assumptions, which are outlined below
(Keskin & Ozsoy, 2004):

1. The sample size must be at least five times the number of variables.
2. Measurement errors should be minimized.

3. Multicollinearity should not exist among the variables.

4. The data should follow a multivariate normal distribution.

Findings

The canonical correlation analysis, which examines the mutual relationships between the socio-
economic variables and the economic complexity index, was conducted using the IBM SPSS
statistical software. In this context, the simple correlations between and within the socio-
economic and economic complexity index sets are presented in Tables 3, 4, and 5. Table 3
presents the correlation matrix, which includes the correlation coefficients of the socio-
economic variables along with their significance levels. The correlation matrix indicates that
GDP (X;), Innovation Index (X,), and Average Life Expectancy (Xs) exhibit high positive
correlations, suggesting that these variables may share similar underlying factors.

Table 3 Socio-economic set correlation matrix

X4 X5 X3 X4 Xs
X, 1
X, 0,073 1
X; 0,629* -0,041 1
X, 0,788"" 0,261* 0,595 1
Xs 0,738" 0,165 0,663 0,757* 1

* p<005ve*xp <001

Table 4, which presents the correlation matrix of the economic complexity index variables,
reveals a strong positive correlation between the trade dimension (¥;) ) and the technology
dimension (Y;), indicating that these two variables tend to move together. The interpretation of
correlation coefficients varies in the literature. For instance, sources such as Cohen (1988) and
Field (2013) classify correlations as weak (0.1-0.3), moderate (0.3-0.5), and strong (above 0.5).
Based on this classification, the obtained correlation coefficient of 0.753 is categorized as high.

Table 4 Economic complexity correlation matrix

Y Y, ¥
Y, 1
Y, 0,753 1
Ys 0,477 0,683 1

* p<0,05ve*xp <001

Table 5 presents the correlation matrix between the socio-economic and economic complexity
variable sets, offering useful insights into the relationships between the two sets. The Innovation
Index (X,) demonstrates strong positive correlations with all variables in the economic
complexity set. GDP (X;) and Average Life Expectancy (Xs), show moderate positive correlations
with the economic complexity variables, while Foreign Direct Investments (X,), exhibit relatively
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weaker positive correlations with the economic complexity variables compared to the other
socio-economic indicators.

Table 5 Canonical correlation coefficients and significance tests

Y v Y
X, 0,56 0,55 0,69
X, 0,22 0,25 0,016
X3 0,48 0,42 0,43
X, 0,82 0,78 0,66
Xs 0,66 0,63 0,54

Since the socio-economic variable set contains four variables and the economic complexity
variable set contains three variables, a total of three canonical correlations and canonical
functions were derived. The statistical significance of the canonical correlations was
determined by conducting Wilks' Lambda, Pillai's Trace, Hotelling's Trace, and Roy's Largest
Root tests. (Unliikaplan, 2009). Table 6 presents the results of the Wilk's Lambda test, indicating
that the first two canonical correlations are statistically significant (p < 0.05). This finding
confirms a significant relationship between the socio-economic and economic complexity
variable sets. The first canonical correlation coefficient is 0.89, while the second canonical
correlation coefficient is 0.51, suggesting an upward relationship between the two sets.

Table 6 Canonical correlation coefficients and significance tests

Canonical Correlation Coefficient ~ Eigenvalue  Wilk's Lambda x? SD P-Value
1 0,893 3,92 0,148 148 15 0,000
2 0,512 0,36 0,73 24 8 0,002
3 0,1 0,01 0,99 0,776 3 0,885

The other tests assessing the significance of the canonical correlation model are collectively
presented in Table 7, and all these tests indicate that the canonical correlation model is significant.

Table 7 Multivariate significance tests

Test Value F S.D P-Value
Pillais 1,06 8,53 15 0,000

Hotellings 4,29 21 15 0,000
Wilks 0,148 13,8 15 0,000
Roys 0,8

Table 7 presents additional multivariate significance tests, all of which confirm the statistical
significance of the canonical correlation model. While Table 7 tests the overall significance of
the canonical model, Tables 6 and 8 examine the statistical significance of individual canonical
functions. The percentage column in Table 8 indicates that the first canonical function explains
91.48% of the total variance. The column representing the canonical correlation squared shows
that the first canonical correlation function accounts for 79% of the shared variance between
the socio-economic and economic complexity variable sets, meaning that the first canonical
function explains 79% of their relationship.

Table 8 Canonical coefficients and explained variance ratios

Root Eigenvalue Percentage Cumulative Canonical Correlation Canonical Correlation
Percentage Squared
1 3,92 91,48 91,48 0,89 0,797
2 0,36 8,28 99,7 0,51 0,262
3 0,01 0,23 100 0,099 0,009

Table 9 presents the standardized canonical coefficients, which indicate the relative
contributions of each variable to its corresponding canonical function. These coefficients
measure the extent to which each variable contributes to its respective canonical variable. As
shown in Equation 7, the linear combinations of the X and Y variable sets are derived from the
first and second canonical functions, which are formally expressed in Equations 12 and 13.



1163 ODUSOBIAD

Table 9 Standardized canonical coefficients for X and Y sets

For X Set
1 2 3
X1 0,134 -1,568 -0,816
X, 0,06 0,306 0,684
X3 0,049 0,073 0,851
X4 -1,014 0,733 0,378
Xs -0,172 0,434 -0,129
For Y Set
Yy -0,619 0,187 1,375
Y, -0,246 0,845 1,494
Ys -0,278 -1,268 0,056
\ -
Investments (FDI)
¢
P“"“T:th:b"“y 0,049 «0,89 DE:;::Jn;r:nt ém
Q"vb‘ =3

A

g ’ &
Innovation Index / ';‘W
Average Life
Expectancy
Figure 3 First canonical function coefficients and canonical correlation coefficient

U, = 0,134X, + 0,06X, + 0,049X; — 1,014X, — 0,172Xs

V, = —0,619Y, — 0,246, — 0,278Y, (12)

GDP

Foreign Direct (‘:5‘
Investments (FDI) \O £y
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Figure 4 Second canonical function coefficients and canonical correlation coefficient

U, = —1,568X; + 0,306X, + 0,073X5 + 0,733X, + 0,434Xs (13)
V, = 0,187Y, + 0,845Y, — 1,268Y,

The redundancy index is used to determine the extent to which the canonical variables explain
the variance of the original variables (Sharma, 1995, p. 405). Table 11 presents the results of the
redundancy analysis. The first canonical variable of the socio-economic set explains 51.8% of
the total variance within its set, meaning that the first canonical variable of this set explains
51.8% of the total variance in the socio-economic variables. The first canonical variable of the
economic complexity set explains 58% of the total variance within its set, indicating that the first
canonical function accounts for 58% of the total variance in the economic complexity variables.

Table 10 Redundancy analysis

?/an.onical Explained by Its Own Canonical Variable Explained by the Qpposing Canonical
ariables Variable

CV1-1 0,518 0,584

CV1-2 0,123 0,043

CV1-3 0,153 0,01

Cv2-1 0,733 0413
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Cv2-2 0,162 0,032
Cv2-3 0,105 0,02

The findings will continue to be interpreted by considering the assumptions of canonical
correlation analysis. The two variable sets contain a total of eight variables, and since each
variable has 83 observations, the first assumption, which requires the number of observations
to be at least five times the number of variables, is satisfied. The second assumption, which
concerns minimizing measurement errors, is assumed to be met, given the reliability of the data
source. The third assumption, which pertains to the absence of multicollinearity, was assessed
through the implementation of Variance Inflation Factor (VIF) and Tolerance tests. The
outcomes of these tests for both variable sets are presented in Tables 11 and 12.

Table 11 Multicollinearity for X Set Table 12 Multicollinearity for Y Set
Multicollinearity Statistics for the Socio- Multicollinearity Statistics for the Economic
Economic Variable Set (X) Complexity Variable Set (Y)
Tolerance VIF Tolerance VIF

0,869 1,150 0,593 1,688
0,506 1,977 0,593 1,688
0,384 2,606

0,356 2,808

When the Tolerance value is below 0.1, and the Variance Inflation Factor (VIF) value exceeds 5,
itis indicated that the variables have a multicollinearity problem. Upon examining Tables 11 and
12, it is observed that no multicollinearity issue exists within the datasets, confirming that the
third assumption is satisfied. The Mardia test was conducted to test the fourth assumption,
which concerns multivariate normality. The hypothesis of this test is presented in Equation 14
(Ozsoy, 2023).

Hy = The measurements follow a multivariate normal distribution.
H, = The measurements do not follow a multivariate normal distribution.

Table 13 Mardia test results

(14)

Mardia Test Test Statistic P-Value
Socio-Economic Variables Skewness 306 0,000
Kurtosis 16 0,000
Economic Complexity Skewness 11 0,33
Kurtosis -2 0,03

An examination of the p-values associated with the Mardia test results reveals that the data do
not adhere to the assumption of multivariate normality. This finding suggests that the fourth
assumption of the multivariate normal distribution has not been met. In the literature, when the
assumption of multivariate normality is violated, it is recommended to use canonical loadings
instead of standardized canonical coefficients in linear canonical functions. Alternatively, the
Robust Canonical Correlation Analysis (RCCA) is also suggested as a method for addressing
non-normality. The use of canonical loadings and robust canonical correlation analysis provides
two different solutions for handling violations of the multivariate normality assumption.
Canonical loadings represent the correlations between the original variables and the canonical
variables, allowing for an interpretation of each variable's contribution to the canonical structure.
This approach eliminates the impact of the violation without requiring modifications to the
statistical methods used in the analysis. Robust canonical correlation analysis is an alternative
statistical method designed to mitigate the effects of outliers, deviations from normality, and
other distributional violations (Branco et al., 2005; Altin Yavuz & Ergdl, 2020). The use of
canonical loadings influences the interpretation of the existing analysis, whereas robust
canonical correlation alters the calculation methods and algorithms employed. Both
approaches have their own significance and are selected based on the purpose of the analysis,
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the structure of the data, and the researcher's preference. In this study, canonical loadings were
chosen for interpretation.

Table 15 Canonical Loadings for X Set Table 14 Canonical Loadings for Y Set
1 2 3 1 2 3
X -0,756 -0,602 -0,128 Yi -0,936 0,217 0,277
X, -0,226 0,452 -0,701 Y -0,888 0,176 -0,424
X3 -0,586 -0,202 0,506 Ya -0,652 -0,640 -0,242
X, -0,993 -0,051 -0,035
X5 -0,798 -0,070 0,06

The diagram and representation of the linear equations for the first canonical function, which
has the highest canonical correlation coefficient, have been reformulated using canonical
loadings in Equation 15 and Figure 5.

Uy = —0,756X, + 0,226X, + 0,586X5 — 0,993X, — 0,798X:

V, = —0,936Y; — 0,888Y, — 0,652Y; (15)

Foreign Direct 2y
Investments (FDI) \ t%.
(5}
6‘ Economic
Political Stability
——0,5686 e X Develupmg_nt_ X Technology
'5 ; : g O
& :
Average Life /
Expectancy

Figure 5 Canonical loadings and canonical correlation coefficient for canonical function

Conclusion and discussion

Economic complexity holds a significant place in contemporary economic literature as a key
indicator of a country's production capacity and knowledge accumulation. The diversity and
sophistication of a country’s production structure play a crucial role in economic growth and
development processes. In this study, the relationship between the Economic Complexity Index
(ECI) and various socio-economic variables was examined using canonical correlation analysis.

This study analyzes the relationship between economic complexity and socio-economic
variables through canonical correlation analysis. The findings reveal the interactions between
the Economic Complexity Index (ECI) and various socio-economic factors, including education
level, income distribution, technology usage, and innovation.

The results of the analysis indicate that high ECI values are strongly associated with socio-
economic outcomes. Countries with a more complex and diversified production structure tend
to have higher education levels, better income distribution, and greater technological
advancements. This underscores the importance of promoting economic complexity as a key
factor in achieving broad-based socio-economic development. As noted by Ferrarini and
Scaramozzino (2016), high economic complexity also reflects a higher level of human capital
(Ferrarini & Scaramozzino, 2016).

The study found that the Innovation Index (X) exhibits strong positive correlations with all
variables in the economic complexity set. This suggests that countries investing in innovation
and technological advancements can significantly enhance their economic complexity, leading
to sustainable economic growth and improved living standards (Lee & Lee, 2020). Variables
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such as GDP (X) and Life Expectancy (X) show moderate positive correlations with economic
complexity. This finding suggests that more complex economies may exhibit accelerated
growth patterns and potentially offer a higher quality of life for their citizens. These observations
point to the significance of economic complexity in fostering stable and inclusive growth.
Several studies in the literature support this perspective (Mao & An, 2021; Yildiz & Yildiz, 2019;
Zhu & Li, 2017).

Foreign Direct Investment (FDI) exhibits relatively weaker positive correlations with economic
complexity variables; however, it still plays a role in enhancing economic complexity. This
suggests that while FDI is beneficial, its impact may vary depending on the nature of
investments and the sectors targeted (Sahin & Durmus, 2020).

The study identified two significant canonical functions, with the first canonical function
explaining 79% of the shared variance between the socio-economic and economic complexity
sets. The first canonical correlation accounts for a substantial portion of the variance between
the two sets, indicating a strong and multidimensional relationship between economic
complexity and socio-economic development.

In light of the findings, policymakers should focus on strategies that diversify and sophisticate
their economies' production structures (Turk, 2023). This may involve investing in education and
skill development, supporting research and innovation, and fostering an environment conducive
to technological advancements (Mao & An, 2021). As the study demonstrates a strong link
between innovation and economic complexity, investments in education, research, and
development should be increased to promote innovation. In addition to attracting FDI, emphasis
should be placed on high-quality FDI targeting high-tech and innovative sectors, which can
complement local efforts to enhance economic complexity. Furthermore, developing strong
institutions and infrastructure to support complex economic activities is crucial. This includes
ensuring political stability, establishing a transparent regulatory environment, and improving
both physical and digital infrastructure (Doru, 2022; Karabiyik, 2021).

The findings of this study make a significant contribution to the literature; however, certain
limitations should be acknowledged. Since the study is based on 2021 data, it may not fully
capture the long-term trends of the selected economies. Future research could address this
limitation by exploring alternative methodologies and incorporating more recent data to validate
the findings.

In conclusion, this study highlights the critical role of economic complexity in socio-economic
development. By understanding and leveraging the complex interactions between relevant
variables, policymakers can develop strategies that promote sustainable and inclusive growth.
Ultimately, this will help improve the living standards of populations in various countries.
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Sosyo-ekonomik faktorlerin ekonomik karmasiklik iizerindeki
etkilerinin incelenmesi
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OZET

Bu calisma, ekonomik karmasiklik endeksi (ECI) ile gesitli sosyo-ekonomik degiskenler arasindaki iligkileri
incelemektedir. Ekonomik karmasiklik, bir Glkenin Uretim kapasitesini ve bilgi birikimini yansitan onemli bir
gostergedir. Yiksek ECI de@erine sahip Ulkeler, genellikle daha gesitli ve sofistike Uretim yapisina, daha yiiksek
egitim seviyesine, daha iyi gelir dagiimina ve daha gelismis teknoloji kullanimina sahiptir. Calismada, ECI ve
sosyo-ekonomik degiskenler arasindaki iliskiler, kanonik korelasyon analizi yontemi kullanilarak analiz edilmistir.
2021 yili verileri kullanilarak yapilan analizde, sosyo-ekonomik degiskenler olarak GSYIH, dogrudan yabanci
yatinmlar, siyasal istikrar endeksi, inovasyon endeksi ve ortalama yasam beklentisi ele alinmistir. Ekonomik
karmasiklik ise ticaret, teknoloji ve arastirma boyutlariyla incelenmistir. Analiz sonuglari, ECI ile sosyo-ekonomik
degiskenler arasinda giicli pozitif iliskiler oldugunu gdstermektedir. inovasyon endeksi, ekonomik karmasiklik ile
en glicli pozitif korelasyona sahipken, GSYiH ve yasam beklentisi de ekonomik karmasiklik ile pozitif korelasyon
gostermektedir. Dogrudan yabanci yatirimlarin ise ekonomik karmasiklik degiskenleriyle daha zayif ama yine de
pozitif bir iliskiye sahip oldugu gozlemlenmistir.

ANAHTAR KELIMELER

Ekonomik karmasiklik indeksi, sosyo-ekonomik gostergeler, kanonik korelasyon.
Girig

Gunumuz kuresel ekonomisinde, bir tlkenin ekonomik gelismislik diizeyi artik yalnizca sermaye
birikimiyle degil, ayni zamanda Uretim kapasiteleriyle de belirlenmektedir (Hausmann & Hidalgo,
2011). Ozellikle, strdirilebilir ekonomik biyiime icin hem gelismis hem de gelismekte olan
ulkelerin Urdn gesitliligi ve karmasiklidina ihtiyaglan vardir (Karasoy, 2022) Ekonomik kalkinma
ve buyUume, bir Ulkenin Uretim yapisinin ¢esitliligi ve karmasikhdi ile yakindan iliskilidir. Bu
baglamda, Ekonomik Karmasiklik Endeksi (Economic Complexity Index - ECI), bir ekonominin
dretim kapasitesini ve bilgi birikimini olgen onemli bir gostergedir. ECI, bir Ulkenin ihrag ettigi
drunlerin cesitliligini ve bu dridnlerin ne kadar sofistike oldugunu degerlendirerek, ekonomik
yapinin derinligini ve genigligini ortaya koyar.

ECI degerinin yuksek olmasi, bir Ulkenin Uretim yapisinin karmasik ve cesitli oldugunu, bu
nedenle daha fazla bilgi ve teknolojiye dayandigini gostermektedir. Bu karmasiklik seviyesi,
ekonomik buyidmenin yani sira, gesitli sosyo-ekonomik gostergeler Uzerinde de onemli etkiler
yaratabilir. Ornegin, yiksek bir ECI, genellikle daha yiksek bir egitim seviyesi, gelismis bir altyapi,
daha yuksek teknoloji kullanimi ve daha iyi yasam standartlari ile iligkilidir.

Bu calisma, ekonomik karmasiklik ile sosyo-ekonomik degiskenler arasindaki iligkileri
derinlemesine incelemeyi amaglamaktadir. Ozellikle, ekonomik karmasikligin, egitim seviyesi,
gelir dagilimi, teknoloji kullanimi gibi sosyo-ekonomik gostergelerle nasil etkilesimde
bulundugunu arastirmayi hedeflemekteyiz. Bu amag dogrultusunda, cok degiskenli istatistiksel
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analiz yontemler arasinda, goklu iliskiyi arastirmayi hedefleyen kanonik korelasyon analizi
yontemi kullanilarak, ECI ve sosyo-ekonomik degiskenler arasindaki karsilikli iliskiler analiz
edilecektir.

Yiksek bir ECI'nin, egitim sisteminin kalitesini artirarak ve isgtcunun bilgi ve beceri dlzeyini
yukselterek ekonomik buytmeyi destekledigi bilinmektedir. Ayrica, teknoloji kullaniminin
artmasl, daha yenilikgi Urtnlerin ve sureclerin gelistiriimesine olanak tanir ve bu da rekabet
avantajini artirir. Gelir dagihmindaki esitsizliklerin azalmasi, daha kapsayici bir ekonomik buytime
saglar ve sosyal refahi artinir. Bu ¢alismada, ECI'nin bu sosyo-ekonomik gostergeler tzerindeki
etkileri, 2021 yilina ait verileri kullanilarak secilmis Ulkeler Uzerinden analiz edilecektir.

Ekonomik karmasiklik endeksi (ECI), bir ekonominin karmasikligini, trtnlerinin ortalama
karmasikligi olarak tanimlar ve bu tanim, lineer cebir kullanilarak matematiksel olarak ¢ozulebilir
(Albeaik vd., 2017). Diger bir tanima gore ECI, bir tlkenin ekonomik gelismislik diizeyini ve ihracat
yapisinin karmaslikligini olcen bir endeks olarak hesaplanmaktadir. ECI, Hidalgo ve Hausmann
tarafindan bir ekonominin tretim yapisini gostermek igin gelistirilen bir endekstir. Bu endeks, bir
ekonominin karsilastirmali avantajinin gesitliligi ve belirli bir Grintun 6zgunlugt hakkinda bilgi
verir (Hidalgo & Hausmann, 2009). ECI, bir dlkenin Urettigi ve ihrag ettigi Grtnlerin gesitliligi ve
karmasikligr Uzerinden degerlendirme yapmaktadir. Yuksek bir ECI, ekonominin gesitli ve
sofistike oldugunu ve duslk yayginhiga sahip Urtnler ihrac ettigini gosterir.

Ekonomik karmasiklik endeksi (ECI), ticaretteki bilgi birikimini 6lgerek bir ekonominin tretim
kapasitesini gosterir. ECI, gelir seviyesini tahmin etmek ve ekonomik kalkinmayi anlamak igin
kullanighdir (Dar vd., 2020; Hausmann vd., 2014).

Hidalgo ve Hausmann tarafindan trunlerin ve Ulkelerin karmasikhigini 6lgmek icin gelistirilen ECI
metodolojisi, ekonomik veriler kullanilarak su bilgileri saglar:

(a) Bir Ulkenin karmasiklik derecesi,

(b) Ekonomik biytme ile glgla bir iliski,

(c) Gelecekteki blytime performansinin 6ngortlmesi ve
(d)

d) Bir ulkenin kalkinma duzeyinin ekonomik yapisinin karmasikligina bagh oldugunu ampirik
olarak kanitlayarak, gelecekteki ihracat karmasikliginin 6ngorilmesidir (Yildiz & Yildiz,
2019).

Ulkelerin ekonomik karmasiklik dizeylerini artirabilmeleri igin karmasik Grtnlerin Gretiminde
rekabetciliklerini yukseltmeleri gerekmektedir. Bu cercevede, Ulkelerin ekonomik karmasiklik
duzeyi, ihrag ettikleri Urtnlerin karmasiklik derecesine bagl olarak degisiklik gostermektedir
(Hausmann vd., 2014). Karmasik bir Gretim yapisina sahip Ulkelerin Urettikleri Grnlerin, bilgi ve
beceri acisindan kolayca taklit edilemez nitelikte olmasi onemlidir ve bu Ulkelerin Gretim
konusunda diger Ulkelerden farklilastig gozlemlenmektedir. Eger bir trin birgok ulke tarafindan
uretilebiliyorsa, bu durum o Ulkelerin sahip oldugu bilgi ve becerilerin yeterince etkin olmadigini
dusindurebilir (Can & Dogan, 2018).

ECI degerleri, tilke ve Urlin bazinda hesaplanir. Ulke bazinda hesaplanan ECI, bir tlkenin ihrag
ettigi Urlinlerin ortalamasini ve bu Urlinleri ihrac eden diger Ulkelerin cesitliligini icerir. Uriin
bazinda hesaplanan ECI ise, bir drintn ihrag edildigi Ulkelerin ¢esitliligini ve bu Ulkelerin diger
trtnlerinin ortalamasini igerir (Yaméogo vd., 2014).

ECI hesaplamasinda M., seklinde bir matris ortaya gikar ve hesaplamaya baglanir. M,
matrisinde yer alan “c” notasyonu, ilgili Glkeyi; “p” notasyonu ise ilgili ciktiyr gostermektedir. Cikti,
toplam Uretim hacminde yer aliyorsa 1, almiyorsa O degeri verilerek degerlendirilir. M,
matrisinin satir ve sdtunlar toplandiginda elde edilen denklemler Esitlik 1 ve Esitlik 2'de yer
almaktadir (Turk, 2023).

Cesitlilik = ke = Xp Mcp (D
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Swradanlik = kpo = XM, (2)
Esitlik 3'ten yola ¢ikarak, tretimin gesitliligi, kombinasyon farkliliklarini ve Uretilen diger trtinlerin
yayginligini hesaplamak istenilmistir ve ECI esitligine varilmaktadir:

_ MCPMc’p
Mcor =%, Kool 3)

M., matrisinin en ylksek 6zdegeri ve 6zvektori karsilikli bir etkilesim igindedir. Matris degerleri
1 olarak belirlenmesi durumunda, bilgi saglar ozellik gostermektedir. Bu durumda, ikinci en
yuksek 0zdegere ait Ozvektor incelenerek Esitlik 4te yer alan ECI'nin nihai esitligine
ulasiimaktadir.
ECI = K<—Ki (4)
sthata(K)

Esitlik 4'te yer alan < > ortalamayi gdsterirken, K ikinci en yiiksek 6zdegeri gosteren M., nin
Ozvektorunl ifade etmektedir. Hesaplanan bu endeks sonucunda elde edilen her bir deger, ilgili
dlkenin ekonomik karmasiklik seviyesini temsil etmektedir. Ulasilan skor degeri ne kadar
yuksekse, Ulke ekonomisinin sahip oldugu bilgi ve beceri birikimi ile bunlarin kullanim yetenegi
de o kadar yuksek oldugunu gostermektedir.

Bu baglamda, ilgili calismada bes ana basliktan olusmaktadir. Birinci bolum, Giris kismini
icermekte olup Ekonomik Karmasiklik Endeksi (ECI) ayrintili bir sekilde anlatiimaktadir. ikinci
bolimde, ECI hakkinda yerli ve yabanci literatlrde yapilan gesitli ¢calismalara dair bilgiler
sunulmustur. Uglincl bolim, calismada kullanilan degiskenler ve istatistiksel analizin agiklandigi
yontem ve metodoloji kismini kapsamaktadir. Dordlncu bolimde analiz sonuglari yer
almaktadir. Son olarak, besinci bolimde sonug ve tartisma bolimu bulunmaktadir.

Literatiir

Bu bolimde, yerli ve yabanci yazinda, ekonomik karmasiklik endeksi ve endeksin gesitli
degiskenler ile yapilan ¢aligmalarin bir kismi yer almaktadir.

Hidalgo ve Hausmann (2009), Ulkelerin ekonomik karmasiklik seviyelerinin ihrag ettikleri
drunlerin gesitliligi ve sofistikasyonu ile belirlendigini ve bu seviyenin gelir dlzeyleriyle guglu bir
iliski icinde oldugunu belirterek “ekonomik karmasiklik” kavraminin temelini olusturmuslardir.
Ekonomik karmasikligin, gelecekteki buylime tzerinde onemli bir rol oynadigi ve Ulkelerin bu
seviyeye ulasmak igin stratejik kalkinma ¢abalarina odaklanmasi gerektigi vurgulanmaktadir
(Hidalgo & Hausmann, 2009).

Ferrarini ve Scaramozzino (2016), galismalarinda, tretim karmasikliginin, ekonomik biyime ve
¢kt seviyesi Uzerinde olan etkisinin gelir gruplarina gore ayrilan 89 ulke i¢in degerlendirmislerdir.
Analiz sonucunda, karmasiklik dizeyinin artmasi ile beseri sermayeye pozitif olarak etkiledigi ve
iktisadi btyimeyi artirdigini gézlemlemislerdir (Ferrarini & Scaramozzino, 2016).

Zhu ve Li (2016), 210 Ulkenin ekonomik karmasikhigini 6lgerek, ekonomik karmasiklik ve beseri
sermayenin ekonomik buyume Uzerindeki etkisini incelemislerdir. Yuksek gelirli ekonomiler,
dusuk ve orta gelirli ekonomilere gore daha yuksek karmasikliga sahip oldugunu ve ayrica
ekonomik karmasiklik ve beseri sermayenin kisa ve uzun vadeli buyume Uzerinde olumlu etkileri
oldugu sonugclarina ulasmislardir. Beseri sermaye ve ekonomik karmasiklik arasindaki pozitif
etkilesim, ekonomik buyumeyi arttirirken; ortaogretim, beseri sermaye gostergesi olarak
ekonomik biyime Uzerinde daha giglu bir etkiye sahip oldugunu saptamislardir (Zhu & Li,
2017).

Xu ve Lybbert (2017), ECI'nin inovasyona uyarlanmis bir versiyonunu gelistirerek ECI ile
kiyaslamasini yapmiglardir. Bulgular dogrultusunda, inovasyona uyarlanan endeksin orijinal
ECl'ye kiyasla ekonomik blylumeyi tahmin etmede daha ytksek bir 5ngoru gucune sahip oldugu
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gozlemlenmistir. Ancak bu avantaja ragmen, inovasyona uyarlanan endeks daha yuksek bir
korelasyona sahip oldugu ortaya ¢ikmistir (Lybbert & Xu, 2021).

Yildiz ve Akbulut Yildiz (2019), 10 yeni sanayilesen Ulkede ekonomik karmasiklik ile biyime
arasindaki iliskiyi incelemislerdir. Hidalgo ve Hausmann'in ECI'si ve reel GSYH verileri kullanilarak
yapilan analiz, Konya'nin nedensellik testiyle gergeklestirilmistir. Bulgular, ekonomik
karmasikligin, bdylimeye tek yonll bir etkisinin oldugunu gostermistir (Yildiz & Akbulut Yildiz,
2019).

Nisanci vd. (2019), G8 Ulkelerinin ECI ile kisi basina dlisen gelir ve ihracat degerleri arasindaki
iliskileri panel nedensellik analizi ile incelemislerdir. Granger nedensellik sonucunda kisi basina
dusen gelirden ekonomik karmasikliga dogru bir iliski oldugunu gosterirken Dimitrescu-Hurlin
testi, ihracattan kisi basina dusen gelir ve ekonomik karmasikliga dogru bir nedensellik oldugu
sonucuna ulagmislardir (Nisanci vd., 2019).

Sahin ve Durmus (2020), 1990-2017 doneminde yeni sanayilesen Ulkelerde ekonomik
karmasiklik ile finansal gelisme, sermaye yatirimlari, yabanci yatinmlar ve patent basvurular
arasindaki iligkiyi incelemiglerdir. Yazarlar, bazi ulkelerde yabanci yatinmlarin ve yerli patent
basvurularinin ekonomik karmasiklig etkiledigini, brit sabit sermaye yatinmlari ile ekonomik
karmasiklik arasinda ise bir iligki olmadigini gostermistir (Sahin & Durmus, 2020).

Mao ve An (2021) galismalarinda, Ekonomik Karmasiklik Endeksi (ECI) ile kalkinma seviyesi
arasindaki iliskiyi cesitli analiz yontemleriyle arastirmayi hedeflemislerdir. Yazarlar, 1995-2010
yillari arasinda orta ve yuksek gelirli ekonomileri degerlendirdikleri analiz sonuclarinda ECI'nin
Tbirimlik artisi, kalkinma seviyesinde yaklasik %30 artisa yol agtigini; insan sermayesi, ECI'nin
gelisiminde onemli bir rol oynadigini; dogrudan yabanci yatinmin, ozellikle orta gelirli
ekonomilerde ECI'yi artirdigini elde etmiglerdir (Mao & An, 2021).

OECD Ulkelerinin verilerini kullanarak trtn karmasikhigl seviyesinin uzun vadede ekonomik
blylmenin iyi bir belirleyicisi oldugunu ortaya ¢ikaran Udeogu (Udeogu vd., 2021)
calismalarinda ekonomik karmasiklik endeksindeki bir artisin ekonomik biytmeyi pozitif yonde
artirdigi sonucuna ulasmiglardir. Ekonomik karmasiklik endeksi, inovasyon gostergeleri arasinda
uzun vadeli buyumeyi belirlemede daha etkili bulunmustur.

Bayar (2022), CIVETS dlkelerinin 1995-2019 donemi igin ekonomik karmasiklik dizeyi ile
ekonomik buyume arasindaki iliskilerini panel veri analizi ile incelenmistir. Sonuglar, ekonomik
karmasikligin blyime tzerinde pozitif ve anlamli bir etkiye sahip oldugunu gostermistir (Bayar,
2022).

Tlrk (2023), BRICS-T (lkelerinin enerji tlketimi ile iktisadi karmasikligi arasindaki iliskiyi
arastirdigi calismasinda, panel veri analizini kullanarak enerjide disa bagimli olan ulkelerin
ekonomik buytme politikalarinda Urin sofistikasyonu yapilmasi gerektigini gozlemlemistir
(Tdrk, 2023).

Literatlrde, Hidalgo ve Hausmann (2009) tarafindan gelistirilen ECI, birgok ¢alismada ekonomik
buyume ve kalkinma ile guglu bir iliski iginde oldugu gosterilmistir. Ancak, bu ¢alismalarin gogu
genellikle tek yonlu nedensellik iliskilerini ele alirken, bu arastirma sosyo-ekonomik degiskenlerin
karsilikl etkilesimlerini kanonik korelasyon analizi ile inceleyerek literature yeni bir bakis acisi
getirmeyi amaclamaktadir (Hidalgo & Hausmann, 2009).

Metodoloji

Bu galismada, GSYIH, dogrudan yabanci yatinmlar, siyasal istikrar endeksi, inovasyon endeksi
ve ortalama yasam beklentisinin olusturdugu sosyo-ekonomik degiskenler kimesi ile ticaret,
teknoloji ve arastirma boyutlarinin olusturdugu ekonomik gelismislik endeksinin olusturdugu iki
kime arasindaki cok boyutlu iliskiler arastiriimaktadir. S6z konusu arastirma, iki kime arasindaki
en yuksek ortak varyansin elde edilecedi kanonik bilesenlerin elde edilmesini ve dogrusal
iliskilerin glictinun ve yonunun analiz edilmesidir. Analiz, kanonik korelasyon yontemi kullanilarak
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gerceklestiriimistir. GCalismada kurulan arastirma modeli kanonik korelasyon analizi baglaminda
Gorsel 1'de ifade edilmistir.

GSYIH
Dogrudan Yabanci
Yatinimlar
Siyasi [stikrar Son . Ekc.:nm:m_k
E - Ekonomik Geligmiglik
ndeksi ‘
X Y.
inovasyon Endeksi
Ortalama Yasam
Beklentisi

Gorsel 1 Arastirma modeli

Ticaret

Teknoloji

®

Aragtirma

Veri

Calismada kullanilan ekonomik gelismislik endeksi ticaret (Y;), teknoloji (Y,) ve arastirma (Ys)
olarak U¢ alt boyuttan olusan bir yapida iken ekonomik gelismislik ile sosyo-ekonomik
degiskenler arasindaki iligkinin varligi, glict ve yonu konusunda kurgulanan ¢alisma baglaminda
olusturulan sosyo ekonomik degiskenler kimesinin elemanlar tablo 1'de ifade edilen
degiskenlerden belirlenmis olup tum degiskenler 2021 yilina aittir. Bir toplumun sosyal ve
ekonomik unsurlarinin bir arada deg@erlendirilecedi bir kimenin olusturulmasinda s6z konusu
unsurlarin olasi  kombinasyonlarini  sinirlamak amaciyla alternatif degisken kumelerinin
korelasyon matrisleri incelenerek Tablo 1'de ifade edilen degisken kiimesi ¢galisma kapsaminda
ele alinmistir.

Tablo 1 Arastirmaya iliskin degisken kimeleri ve elemanlari

X, GSYIH

=

g 5 X, Dogrudan Yabanci Yatinmlar

é é X, Siyasi Istikrar Endeksi

oo :

o X, Inovasyon Endeksi

n O

3 X5 Ortalama Yasam Beklentisi
Y Ticaret

x X

29 Y, Teknoloji

o £ o

s 22 Yy Arastirma

X O L

W o

X, olarak ifade edilen GSYIiH, kisi basina gayri safi yurtici hasilanin yil ortas tlke nifusuna
bolinmesiile elde edilmektedir. Calismada kullanilan veri 2015 yilt ABD dolari cinsinden referans
alinmistir. Bu ifade, enflasyon veya deflasyon etkilerini arindirmak amaciyla nominal deg@erlerin
2015 yilini baz alarak reel de@er olarak elde edilmistir. X, olarak ifade edilen dogrudan yabanci
yatinmlar degiskeni, bir Glke ekonomisinde yerlesik bir isletmenin 6ze sermayesini farkli bir tlke
ekonomisinde bulunan isletmeye aktarmasi ve s6z konusu isletme yonetimi Uzerinde ylzde
10'dan fazla hisseye sahip olarak elde ettigi kontrol ve etkiyi ifade etmektedir. X5 olarak ifade
edilen siyasi istikrar endeksi, hukimetin siyasi amagli siddet ve terorizm de dahil olmak Uzere
anayasaya aykiri veya siddet iceren yollar ile istikrarsizlastiriimasi veya devrilmesi olasiligina
iliskin algy 6lgmektedir. Dinya Ekonomik Forumu, Politik Risk Hizmetleri, Ekonomik Istihbarat
Birimi gibi kuruluglarin olusturdugu endekslerin ortalamasi olarak elde edilmekte ve -2,5 ile 2,5
arasinda deger almaktadir. X, olarak ifade edilen inovasyon endeksi, inovasyon girdisi ve
inovasyon ciktisi olarak iki alt boyuttan olusmaktadir. Kurumlar, beser, sermaye bilgi, teknoloji
ve yaratici ¢ikti gostergelerinin bir arada degerlendirildigi bir endeks olup O ile 100 arasinda deger
almaktadir. X5 olarak ifade edilen ortalama yasam beklentisi endeksi, yeni dogan bir bebegin
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dogdugu andaki olum oranlarinin ayni kaldigi varsayildiginda kac yil yasayacaginin bir gostergesi
olarak ele alinmaktadir.

ilgili calismada tercih edilen sosyo-ekonomik degiskenlerin her biri, tlke ekonomisinin farkli
yonlerini degerlendirmek igin segilmistir. GSYiH (Gayri Safi Yurtigi Hasila), bir lkenin ekonomik
buyuklugunu ve genel ekonomik sagligini 6lgmede 6nemli bir gosterge olarak kabul edilmektedir
(IMF, 2021; World Bank, 2022). Dogrudan Yabanci Yatirimlar ise bir Ulkenin uluslararasi
ekonomik iligkilerinin derinligini ve dis ekonomik baghligini yansitarak, yatirnmcilarin tlkenin
ekonomik istikrarini dederlendirmelerinde anahtar rol Ustlenmektedir (UNCTAD, 2021; OECD,
2021). Siyasi Istikrar Endeksi, bir Glkenin politik ortaminin ekonomik etkilerini anlamak igin
kullanilir ve yatinm ortaminin gtvenilirligini dlger (Kaufmann vd., 2010). inovasyon Endeksi, bir
dlkenin yenilik yapma kabiliyetini ve teknolojik ilerlemesini inceleyerek ekonomik buyidme ile
iliskisini ortaya koymaktadir (Global Innovation Index, 2023; OECD, 2022). Son olarak, Ortalama
Yasam Beklentisi, bir tlkenin saglik ve refah seviyesini temsil etmektedir ve ekonomik kalkinma
ile dogrudan iligkilidir (WHO, 2022; UNDP, 2021). Bu degiskenler, ekonomik karmasiklik ile sosyo-
ekonomik gostergeler arasindaki iligkileri daha kapsamli bir sekilde analiz edebilmek igin tercih
edilmistir.

GCalismada  kullanilan  sosyo-ekonomik  degiskenler  kuimesine  iliskin  veriler
TheGlobalEconomy.com isimli veri tabanindan elde edilmistir. S6z konusu veri kaynagi 1960tan
itibaren 200'den fazla tlkeye iligskin 500'Un Uzerinde gostergeyi bilimsel ydontemler ile derleme ve
belgeleme hizmeti sunan bir veri tabani olarak faaliyet gostermektedir. S6z konusu veri
kaynagindan Tablo 2'de belirtilen 83 Ulkeye ait 2021 yilina ait veriler arastirmaya konu edilmistir
(Global Economy, World Economy, 2024). Soz konusu calismada 2021 yili temel olarak alinmasi
ECl'ya ait Ug alt degiskenin yayinlandigi son yil olmasidir. Dolayisiyla, analizde kullanilan sosyo-
ekonomik degiskenlerin de uyumlu ve karsilastiniabilir olabilmesi igin 2021 yilina ait veriler
kullanilmistir. Bu yontem, ECI ve sosyo-ekonomik degiskenler arasindaki iliskilerin tutarliigini ve
gegerliligini saglamak amaciyla tercih edilmistir. Bu baglamda, ¢alismada bagimli degisken
kiimesi ekonomik karmasiklik ile ilgili verilerden olusmakta olup, bagimsiz degisken kimesi ise
sosyo-ekonomik gostergeleri kapsamaktadir.

Tablo 2 Arastirmaya lliskin Verileri incelenen Ulkeler
incelenen 83 Ulke

Cezayir Arjantin Ermenistan Avustralya
Avusturya Azerbaycan Banglades Belarus
Belcika Bosna-Hersek Brezilya Bulgaristan
Kanada Sili Cin Kolombiya
Hirvatistan Cekya Danimarka Dominik Cumbhuriyeti
Ekvador Misir Finlandiya Fransa
Gurcistan Almanya Hong Kong Macaristan
Hindistan Endonezya iran irlanda

Israil italya Japonya Urdin
Kazakistan Kenya Kuveyt Libnan
Litvanya Malezya Meksika Moldova
Mogolistan Fas Hollanda Yeni Zelanda
Nijerya Kuzey Makedonya Norveg Umman
Pakistan Panama Peru Filipinler
Polonya Portekiz Katar Romanya
Rusya Suudi Arabistan Senegal Sirbistan
Singapur Slovakya Slovenya Giney Afrika
Glney Kore Ispanya Sri Lanka isveg
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Isvigre Tayland Tunus Turkiye
Uganda Ukrayna Birlesik Arap Emirlikleri  Birlesik Krallik
Uruguay Ozbekistan Vietnam

Kanonik korelasyon

Teorik ve uygulamali alanlarda, veri gudumlu olarak gergeklestirilen c¢alismalarda veriler
arasinda iligkilerin var olup olmadigi var ise yonun ve gucunidn ol¢ulmesi sonucuy, ilgilenilen
alanda ele alinan problemlerin karmasikliginin azaltiimasi ve karar almayi destekleyici
cikarimlarin elde edilmesi amaglanmaktadir. Tek degiskenli analizlerde bu sureg, korelasyon
analizi ile gergeklestirilirken cok degiskenli analizlerde ise kanonik korelasyon analizi ile
gergeklestiriimektedir (Sharma, 1995, s. 391). Kanonik korelasyon analizi, birbiri ile iligkili
degiskenlerin olusturdugu iki degisken kiimesinin birbirleriyle olan dogrusal iligkilerini inceleyen
cok degiskenli istatistiksel bir tekniktir (Hotelling, 1936). Bu teknik, iki degisken kimesi
arasindaki en yuksek korelasyona sahip lineer kombinasyonlari belirlemeyi amaclamaktadir
(Hotelling, 1936). S6z konusu lineer kombinasyonlar, bir degiskendeki degisimin diger bir
degisken Uzerinde ne tdr bir degisime neden oldugunu gosteren dogrusal iliski kavramina atif
yapmaktadir. Matematiksel olarak basit ve anlasilir bir yapi temel alinarak, karmasik ortintulerin
ve egilimlerin anlasilabilmesi icin dogrusallik bir temel olusturmaktadir. Dogrusal kombinasyon,
Veri kimesindeki degiskenlerin katsayilar vektord ile garpilip toplanmasi ile olusturulan yeni
degiskenlerdir (Thiebaux, 1974). Matematiksel olarak ifade etmek igin X ve Y olarak tanimlanan
iki degisken kimesi gosterimi Esitlik 5'te ifade edilmistir.

X111 Xip Yir 0 Vip

X = (5)

veY =

Yn1 " Ynp
Esitlik 5'te katsayilar vektort ifade edilmektedir, veri kiimelerinin katsayilar vektord ile carpilip

toplanmasi sonucu degiskenlerin agirlikli toplami olarak da ifade edilebilecek olan lineer
kombinasyonlar elde edilir (Uurtio vd., 2017).

xTLl e xnp

aq b,
a= asz veb = b:Z (6)
an by,

Agirlikli toplamlar olarak elde edilen yeni degiskenler, veri analizinde boyut indirgeme, modelin

karmasikliginin azaltilmasi gibi amaclar icin orijinal verinin verimli ve anlasilabilir formu olarak
elde edilir (Uurtio vd., 2017).

X ve Y veri kimeleri igin lineer kombinasyonlara iliskin gosterim Esitlik 7'de ifade edilmistir.

X Kimesi icin: U = a1x; + ayx; + -+ apxy (7)
Y Kumesiicin:V = byy; + by, + -+ by ym

U ve V denklemleri degisken kiimelerinden elde edilen dogrusal kombinasyonlardir. Kanonik
korelasyon analizinde amaglanan, lineer kombinasyonlar arasindaki korelasyonu maksimize
eden Katsayllarn (ay,ay, ..., a,, ve by, by, ..., by,)  secilmesidir (Fan, 1997, Wilks, 2011). Bu
bakimdan kanonik korelasyon analizi amacg fonksiyonu Maksimize p = corr(U,V) olan bir
optimizasyon problemi olarak nitelendirilebilir (Bohidar & Bohidar, 1994). S6z komsusu
optimizasyon probleminin ¢ozimu igin deg@isken kimesindeki elemanlarin kendi iglerinde

birbirleri arasindaki kovaryans matrisleri hesaplanir
var(xy) - cov(xq, xy)
Ryy = : " : )]

cov(x,,x) - var(x,)
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Esitlik 8'de ifade edilen R,, , X degisken kimesinin elemanlarinin kendi aralarindaki
korelasyonlarini temsil etmektedir

cov(x1y1) -+ cov(xy, Yim)
SO ] ©

R,y =[ S

cov(xp,x1) - var(x,yn)
Esitlik 9'da ifade edilen Ry, , X ve Y degisken kumeleri arasindaki korelasyonlari temsil
etmektedir

R (10)

var(y,) o cov(y, Xm)
yy = : -

cov(Ym,¥1) - var(Vm)

Esitlik 10'da ifade edilen R,, , Y degisken kimesinin elemanlarinin kendi aralarindaki
korelasyonlari temsil etmektedir

Ry, =

cov(yxy) - cov(yy, xXp)
: g : ] (11

cov(Ym, x1) - varYmxn)
Esitlik 11°de ifade edilen R, , Y ve X degisken kimeleri arasindaki korelasyonlari temsil etmekte
olup Ry, = R,," olarak transpozudur.

Elde edilen kovaryans matrisleri ile genellestiriimis 0zdeger probleminin  ¢ozimu
gergeklestirilerek 6zdeger ve 6zvektorler elde edilir (Fan, 1997; Tabachnick & Fidell, 2013, s. 577).

Aa = Rz RyyRyyRyxa (12)
Ab = Ry y Ry Ryy Ryyb

Esitlik 12'deki 0zdeger probleminin ¢ozulmesi sonucu elde edilen A 6zdegeri, a ve b ise
ozvektorleri ifade etmektedir. Ozvektorler kanonik degiskenlerin (U; ve V;) olusturulmasi igin
gerekli olan katsayilar vektorlerini ifade etmekte olup Esitlik 13te gosterilmistir (Tabachnick &
Fidell, 2013, s. 578).

U =atX

13
V; = blY (13)

Ozdeger olarak belirtilen A ifadesinin karekoki ise Esitlik 14'te gosterildigi gibi kanonik
degiskenler arasindaki korelasyonu yani kanonik korelasyonu ifade etmektedir.

pi = \/’1_1 (14)

p; ifadesindeki i indisi ile kanonik korelasyon sayisini belirtmekte olup, kanonik korelasyonda
olasi kanonik degisken ciftlerinin sayisina atif yapmaktadir. Kanonik degisken c¢iftlerinin sayisi
degisken kiimelerinden minimum sayili degisken kiimesinin eleman sayisina esittir (Fan, 1997).

| ax; by,

Birinci
Pi Kanonik
>—-@
Degisken

Birinci
Kanonik
Degisken

Gorsel 2 Kanonik yol ¢iftleri igin yol diyagrami

Kanonik korelasyon analizinde, elde edilen kanonik korelasyon katsayilarinin anlamli olup
olmadigi yonunde hipotezler kurulmaktadir. Katsayilarin sifirdan farkli olup olmadiginin testi igin
kurulan yokluk ve alternatif hipotezleri Esitlik 15'te ifade edilmistir.
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Ho:pi =0

Hl:pi *0 (15)

Yokluk hipotezi degisken kimeleri arasinda i. Kanonik degisken ciftinin anlamli olmadigini,
alternatif hipotezin ise i. Kanonik degisken c¢iftinin anlamli oldugunu ifade etmektedir. Test
istatistigi  Wilk's Lambda istatistigi kullanilarak hesaplanmakta olup x? dagilimina
dayanmaktadir. Hesaplanan y? degeri ile tablo y? degerinin karsilastirilmasi sonucu p degeri
anlamlilik duzeyinden kugukse H, red ve H; kabul edilerek katsayilarin anlamli oldugu
ifade(Butler & Wood, 2004; Sharma, 1995, s. 402).

Kanonik korelasyon analizinin saglamasi gereken dort varsayim mevut olup stz konusu
varsayimlar asagida listelenmistir (Keskin & Ozsoy, 2004).

1. Ornek sayisinin en az, degisken sayisinin 5 kati olmasi

2. Olgim hatalarinin minimum sayida olmasi

3. Degiskenler arasinda goklu dogrusal baglanti olmamasi

4. Verilerin ¢ok degiskenli normal dagilima uygun olmasi
Bulgular

Arastirmada incelenen sosyo-ekonomik ve ekonomik karmasiklik endeksine iliskin degisken
kdmelerinin karsiliklr iliskilerinin incelendigi kanonik korelasyon analizi IBM SPSS paket programi
ile gergeklestiriimistir. Bu baglamda sosyo-ekonomik ve ekonomik karmasiklik endeksi
kdmelerinin birbirleri ile ve karsilikli basit korelasyonlari Tablo 3,4 ve 5'te gosterilmistir. Sosyo-
ekonomik degiskenlerin korelasyon katsayilari ve katsayilarin anlamliliklarina iliskin korelasyon
matrisi Tablo 3'te ifade edilmistir. GSYHI (X;), inovasyon endeksi (X,) ve ortalama yasam
beklentisi (Xs) birbirleri ile ylksek pozitif korelasyonlar gostermekte olup bu degiskenlerin benzer
faktorlere sahip olabileceklerini ifade etmektedir.

Tablo 3 Sosyo-ekonomik kiime korelasyon matrisi

X X5 X3 X4 Xs
X 1
X, 0,073 1
X; 0,629* -0,041 1
X, 0,788"* 0,261* 0,595 1
Xs 0,738" 0,165 0,663 0,757* 1

* p<005ve*xp <001

Ekonomik karmasiklik endeksine iliskin degiskenlerin olusturdugu kiime elamanlarinin birbirleri
ile korelasyonunu ifade eden Tablo 4 incelendiginde, ticaret boyutu (¥;) ve teknoloji boyutu (Y;)
arasinda yuksek pozitif yonlu korelasyon oldugu bu iki degiskenim benzer yonde hareket ettigini
ifade etmektedir. Korelasyon katsayilarinin yorumlanmasinda kullanilan araliklar, literatirde
farkl sekillerde tanimlanmustir. Ornegin, Cohen (1988) ve Field (2013) gibi kaynaklarda, 0.1 ile
0.3 arasindaki korelasyonlar zayif, 0.3 ile 0.5 arasindakiler orta derecede ve 0.5'ten yUksek
olanlar ise guglu olarak kabul edilmektedir. Elde edilen 0,753 korelasyon katsayisi, bu literatur
gercevesinde 'yUksek' olarak nitelendirilmektedir.

Tablo 4 Ekonomik karmasiklik korelasyon matrisi

Y Y, Y
Y; 1
Y, 0,753 1
Ys 0,477 0,683"* 1

* p<0,05ve*xp <001

Sosyo-ekonomi ve ekonomik karmasiklik kimesine ait elemanlarin birbirleri ile olan
korelasyonlarl Tablo 5te ifade edilmistir. Degdisken kimeleri arasindaki korelasyon matrisi
degisken kumeleri arasindaki en belirgin iliskileri gormek igin faydali bilgiler sunmaktadir. Sosyo-
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ekonomi kimesine ait olan inovasyon endeksi (X,) degiskeni, ekonomik karmasiklik
kimesindeki tim degiskenler ile glcli ve pozitif iliskili oldugunu, GSYIH (X;) ve ortalama
yagsam beklentisi endeksinin (Xs), ikinci kiime ile orta dlizeyde pozitif yonli bir iligkiye sahip
oldugu; dogrudan yabanci yatirimlarin (X,), ekonomik karmasiklik kiimesindeki tim elemanlar
ile digerlerine nispeten daha az bir pozitif korelasyona sahip oldugu ifade edilmektedir.

Tablo 5 Kanonik korelasyon katsayilari ve anlamlilik testleri

Y \f! Y
X1 0,56 0,55 0,69
X, 0,22 0,25 0,016
X3 0,48 0,42 0,43
X, 0,82 0,78 0,66
X5 0,66 0,63 0,54

Arastirmada incelenen sosyo-ekonomik kimenin eleman sayisinin 4 ve ekonomik karmasiklik
kiimesinin eleman sayisinin 3 olmasindan dolayr 3 adet kanonik korelasyon ve kanonik
fonksiyon olusturulmustur. Elde edilen kanonik korelasyonlarin istatistiksel olarak anlamli olup
olmadiginin belirlenmesi igin gerceklestirilen testler, Wilk's Lambda, Pillais Hottellings ve Roys
testleridir (Unlikaplan, 2009). Tablo 6'da kanonik korelasyon literatiriinde en gok kullanilan
Wilk's lambda test sonuglarini igeren tablo incelendiginde ilk iki kanonik korelasyonun anlamli
oldugu (p < 0,05) ve sosyo ekonomik degiskenler kiimesi ile ekonomik karmasiklik kiimesi
arasinda anlamli bir iligki bulundugunu ifade etmekte olup s6z konusu iligkinin birinci kanonik
korelasyon katsayisi (0,89) ve ikinci kanonik korelasyon katsayilarina (0,51) dayanarak iki kiime
arasinda yukari yonlu bir iliski oldugu ifade edilebilir.

Tablo 6 Kanonik korelasyon katsayilari ve anlamlilik testleri

Kanonik Korelasyon Katsayisi Ozdeger Wilk's Lambda x? SD P Degeri
1 0,893 3,92 0,148 148 15 0,000
2 0,512 0,36 0,73 24 8 0,002
3 0,1 0,01 0,99 0,776 3 0,885

Kanonik korelasyon modelinin anlamliligini test eden diger testler Tablo 7'de toplu olarak ifade edilmis
olup, s6z konusu testlerin tamaminda kanonik korelasyon modelinin anlamli oldugunu ifade edilmektedir.

Tablo 7 Cok degiskenli Anlamlilik Testleri

Test Deger F S.D P Degeri
Pillais 1,06 8,53 15 0,000

Hotellings 4,29 21 15 0,000
Wilks 0,148 138 15 0,000
Roys 0,8

Tablo 7 kanonik modelin anlamliligini test sonuglarinin elde edildigi bir tablo iken tablo 6 ve tablo
8 kanonik fonksiyonlarin ayri ayri anlamliliginin test sonuglarini igermektedir. Tablo 8'de bulunan
ylUzde sutunu incelendiginde toplam varyans icinde %91,48'inin 1. Kanonik degisken tarafindan
aciklandigini baska bir deyisle sosyo-ekonomik kime ile ekonomik karmasiklik kimesi
arasindaki yapi bir bitin olarak ele alindiginda s6z konusu yapi 1. Kanonik fonksiyon bu yapinin
%91,48'ini kapsamaktadir Kanonik korelasyon karesi olarak ifade edilen sttun kanonik
korelasyon katsayisinin varyansini ifade etmekte olup 1. Kanonik korelasyon katsayisinin iki
kiime arasindaki iliskisel varyansin %79'unu acikladigini ifade etmektedir. Bu bilgi ile sosyo-
ekonomik kime ile ekonomik karmasiklik kimesi %79'luk varyans paylasmakta ve iki kime
arasindaki iliskinin %79'unun 1. Kanonik korelasyon fonksiyonu ile agiklanabildigi ifade
edilmektedir.

Tablo 8 kanonik katsayilar ve agiklanan varyans oranlari

Kok  Ozdeger Yizde Kimulatif Yuzde Kanonik Korelasyon Kanonik Korelasyon Karesi
1 3,92 91,48 91,48 0,89 0,797
2 0,36 8,28 99,7 0,51 0,262
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3 0,01 0,23 100 0,099 0,009

Tablo 9'da her bir kanonik fonksiyonun kendi kime elemanlari tzerindeki agirligini ifade eden
katsayilar sunulmustur. S6z konusu katsayilar her degiskenin ilgili kanonik degiskene olan
katkisini - olgmektedir. Esitlik 7'de ifade edildigi gorselde X ve Y kimelerinin lineer
kombinasyonlari anlamli olarak elde edilen 1. ve 2. Kanonik fonksiyonlar igin esitlik 12 ve 13'te
olusturulmustur.

Tablo 9 X ve Y kiimesi igin standartlastirnimis kanonik katsayilar

X kiimesi igin
1 2 3
Xy 0,134 -1,568 -0,816
X, 0,06 0,306 0,684
X3 0,049 0,073 0,851
X, -1,014 0,733 0,378
Xs -0,172 0,434 -0,129
Y kidmesiigin
)4 -0,619 0,187 1,375
Y, -0,246 0,845 -1,494
Y3 -0,278 -1,268 0,056
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Gorsel 3 1. Kanonik Fonksiyona iliskin Katsayilar ve Kanonik Korelasyon Katsayisi
U; =0,134X, + 0,06X, + 0,049X; — 1,014X, — 0,172X<

V, = —0,619Y; — 0,246Y, — 0,278Y;
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3
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(12)
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Gorsel 4 2. Kanonik Fonksiyona Iliskin Katsayilar ve Kanonik Korelasyon Katsayisi

U, = —1,568X; + 0,306X, + 0,073X5 + 0,733X, + 0,434Xs (13)
V, = 0,187Y, + 0,845Y, — 1,268Y;

Kanonik degiskenlerin orijinal degiskenlerin varyansini ne olgide acikladigi fazlalik
analizi(redundancy index) tarafindan hesaplanir (Sharma, 1995, s. 405). Fazlalik analizine iligkin
sonugclar tablo 11°de gosteriimektedir. 1. Kime olan sosyo-ekonomik degiskenler kimesinin 1.
Kanonik degiskeni kendi varyansinin %57'lik kismini agiklamaktadir su anlama gelmektedir, 1.
Kumedeki degiskenlerin toplam varyansinin %51.8' birinci kimenin 1. Kanonik degiskeni ile
aciklanabilmektedir. ikinci kiime olan ekonomik karmasiklik (2. kiime) degiskenlerinin toplam
varyansinin %58’ birinci kimenin 1. Kanonik degiskeni tarafindan agiklanabilmektedir.
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Tablo 10 Fazlalik analizi (Redundancy)

Kanonik

Degiskenler Kendi Kanonik Degiseni ILE Agiklanma Karsit Kanonik Degisken ile Agiklanma
CV1-1 0,518 0,584
CV1-2 0,123 0,043
CV1-3 0,153 0,01
CV2-1 0,733 0,413
CV2-2 0,162 0,032
CV2-3 0,105 0,02

Gergeklestirilen kanonik korelasyon analizine iligkin varsayimlar goz onune alinarak bulgular
yorumlanmaya devam edilecektir. Iki degisken kimesinde mevcut bulunan toplam 8 degisken
bulunmaktadir ve her bir degiskenin 83 verisinin mevcut olmasindan dolayi degisken sayisinin 5
katindan fazla gozlem noktasi varsayimi olan 1. varsayimin karsilandigi gorilmektedir. Olgim
hatalarinin goz onunde bulunduruldugu ikinci varsayim, veri kaynadinin guvenilir oldugu goz
onunde bulundurularak saglandigi varsayilmaktadir. Uciincl varsayim olan ¢oklu dogrusal
baglanti bulunmamasi varsayiminin test edilmesi amaciyla VIF ve Tolerance testleri
gergeklestiriimistir. Tablo 11 ve Tablo 12'te iki kime igin s6z konusu testlere iliskin sonuclar
Ozetlenmistir.
Tablo 11 X Kimesi igin Coklu Dogrusallik
Sosyo-Ekonomik degiskenler kiimesi (X) igin
Goklu Dogrusallik istatistikleri Tablo 12 Y kiimesi igin Goklu Dogrusallik
Tolerance VIF Ekonomik Karmasiklik kiimesi (Y) icin Goklu

0,869 1,150 Dogrusallik istatistikleri

0,506 1977 Tolerance VIF

0,384 2,606

05t 5808 0,593 1,688
, : 0,593 1,688

Tolerance degerinin 0,1in altinda oldugu durumlarda ve VIF degerinin 5in Uzerinde olmasi
durumlarda degiskelerin ¢oklu dogrusal baglanti sorununa sahip olacagi ifade edilmektedir.
Tablo 11 ve Tablo 12 incelendiginde veri kiimelerinde Coklu dogrusal baglanti sorununun
mevcut bulunmadigi ve 3. Varsayiminda saglandigi gorulmektedir. 4. Varsayim olan ¢ok
degiskenli normalligin test edilebilmesi icin Mardia testi gerceklestirilmistir. S6z konusu testin
hipotezi esitlik 14'te ifade edilmistir (Ozsoy, 2023).

Hy = olcumler cok degiskenli normal dagilima sahiptir.
H, = olctimler ¢ok degiskenli normal dagilima sahip degildir

Tablo 13 Mardia Test Sonuglari

(14)

Mardia Testi Test Istatistigi p degeri
Sosyo-Ekonomik Carpiklik 306 0,000
Degiskenler Basiklik 16 0,000
Ekonomik Karmasiklik Carpiklik 11 0,33

Basiklik -2 0,03

Mardia testi sonucu p degerleri incelendiginde verilerin gok degiskenli normal dagilama uygun
olmadigi ve 4. varsayimin saglanamadigi gorilmektedir. Literatirde, gok degiskenli normallik
varsayiminin saglanamadigi durumlarda dogrusal kanonik fonksiyonlarda standartlastiriimis
kanonik katsayilar yerine kanonik yuklerin kullanilmasi onerilmektedir. Kanonik yUklerin
kullanimina alternatif olarak Robust kanonik korelasyon analizinin kullanildi§i da ifade
edilmektedir. Kanonik yuklerin kullanilmasi ve robust kanonik korelasyon analizleri, ¢ok
degiskenli normallik varsayiminin saglanamadigl durumlarda, sz konusu varsayimin
saglanmadigi durumlarda ¢ozumu farkli sekillerde ele alan iki alternatif yontemdir. Kanonik
yukler, orijinal degiskenler ile kanonik degiskenler arasindaki korelasyonlari temsil ederek,
kanonik yapiya katki dizeyini bakimindan yorumlar ve analizin hesaplanmasini ve temel
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istatistiksel yontemlerin degistiriimesine gerek kalmadan ilgili ihlalin etkilerini ortadan
kaldirmaktadir. Robust kanonik korelasyon analizleri, verideki aykiri deg@erlerin, normallikten
sapmalarin veya diger dagihm hakkinda ihlallerin etkilerini azaltmak igin tasarlanmis alternatif
istatistiksel bir yontemdir (Branco, Croux, Filzmoser ve Oliveira, 2005; Altin Yavuz ve Ergil, 2020).
Kanonik yuklerin kullaniimasi, mevcut analizin yorumlanmasi Uzerinde etkilidir. Robust kanonik
korelasyon, hesaplanma yontemini ve kullanilan algoritmalari degistirir. Her iki yaklagim da kendi
icinde onemli olmakla beraber analizin amacina, verinin yapisina ve arastirmacinin tercihine gore
secilmektedir. Bu baglamda ilgili calismada kanonik yuklerin yorumlanmasi tercih edilmistir.

Tablo 14 X Kiimesi i¢in Kanonik Yiikler Tablo 15 Y Kiimesi igin Kanonik Yikler
1 2 3 1 2 3
X, -0,756 -0,602 -0,128 Y; -0,936 0,217 0,277
X, -0,226 0,452 -0,701 Y, -0,888 0,176 -0,424
X3 -0,586 -0,202 0,506 Y3 -0,652 -0,640 -0,242
X, -0,993 -0,051 -0,035
X5 -0,798 -0,070 0,06

En yiksek kanonik korelasyon katsayisina sahip birinci kanonik fonksiyona iliskin dogrusal
denklemlerin diyagram, gosterimi kanonik yukler kullanilarak denklem 15 ve gorsel 5'te yeniden
ifade edilmistir.

Uy = —0,756X, + 0,226X, + 0,586X5 — 0,993X, — 0,798X:

Vv, = —0,936Y; — 0,888Y, — 0,652Y;
GSYIH \
Ticaret
% N .
2 o3
Siyasi istikrar N Sosyo- Ekonomik o
Endeksi i %
oy X 4 N d 0
P ’ ’ 65
»
Ortalama Yagam
Beklentisi

Gorsel 5 1. Kanonik fonksiyona iliskin kanonik yukler ile kanonik korelasyon katsayisi

(15)

Sonug ve tartisma

Ekonomik karmasiklik, bir tlkenin dretim kapasitesinin ve bilgi birikiminin dnemli bir gostergesi
olarak ginimuz ekonomi literattriinde biytk bir yer tutmaktadir. Ulkelerin Uretim yapilarinin
cesitliligi ve sofistike olmasi, ekonomik buyume ve kalkinma sureglerinde kritik bir rol
oynamaktadir. Bu galismada, ekonomik karmasiklik endeksi (ECI) ile gesitli sosyo-ekonomik
degiskenler arasindaki iliskiler kanonik korelasyon analizi kullanilarak incelenmistir.

Bu calisma, ekonomik karmasiklik ve sosyo-ekonomik degiskenler arasindaki iliskiyi kanonik
korelasyon analizi kullanarak incelemektedir. Bulgular, Ekonomik Karmasiklik Endeksi (ECI) ile
egitim seviyesi, gelir dagihmi, teknoloji kullanimi ve inovasyon gibi gesitli sosyo-ekonomik
faktorler arasindaki etkilesimleri ortaya koymaktadir.

Analiz sonucunda, yuksek ECI degerlerinin, sosyo-ekonomik sonuglarla guglu bir sekilde iliskili
oldugunu gostermektedir. Daha karmasik ve cesitli Uretim yapisina sahip ulkeler, daha ytksek
egitim seviyelerine, daha iyi gelir dagiimina ve daha buytk teknolojik ilerlemelere sahip olma
egilimindedir. Bu, ekonomik karmasikligin tesvik edilmesinin, genis kapsamli sosyo-ekonomik
kalkinmayi basarmada 6nemli oldugunu vurgulamaktadir. Ferrarini ve Scaramozzino (2016)'nin
belirttigi Uzere yluksek ekonomik karmasikligin olmasi beseri sermayeyim de yuksek oldugunu
gosterir (Ferrarini & Scaramozzino, 2016).
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Calisma, inovasyon endeksinin (X4) ekonomik karmasiklik kiimesindeki tim degiskenlerle giigli
pozitif korelasyonlar gosterdigini bulmustur. Bu, inovasyon ve teknolojik ilerlemelere yatinm
yapan Ulkelerin ekonomik karmasikliklarini onemli ol¢ude artirabileceklerini ve boylece
surdurtlebilir ekonomik buydme ve lyilestirilmis yasam standartlarina yol acabilecegini ifade
etmektedir (Lee & Lee, 2020). GSYIH (X1) ve Yasam Beklentisi (Xs) gibi degiskenler, ekonomik
karmasiklik ile orta dlzeyde pozitif korelasyonlara sahiptir. Bu da daha karmasik ekonomilerin
sadece daha hizli buytmekle kalmayip, ayni zamanda vatandaslari igin daha iyi yasam kalitesi
sagladigini gostermektedir. Bu, ekonomik karmasikhigin istikrarli ve kapsayici blylime elde
etmede oynadigr rolt vurgulamaktadir. Literatirde bu gorustu destekleyen calismalar
bulunmaktadir (Mao & An, 2021; Yildiz & Yildiz, 2019; Zhu & Li, 2017).

Dogrudan Yabanci Yatinmlar (DYY), ekonomik karmasiklik degiskenleriyle nispeten daha zayif
pozitif korelasyonlar gostermektedir, ancak yine de ekonomik karmasikligin artirilmasinda rol
oynamaktadir. Bu, DYY'nin faydali oldugunu, ancak etkisinin yatirimlarin niteligine ve hedefledigi
sektorlere bagl olarak daha karmasik olabilecedini gostermektedir (Sahin & Durmus, 2020).

Calismada anlamli iki kanonik fonksiyon elde edilmistir ve anlamli bulunun birinci kanonik
fonksiyon sosyo-ekonomik ve ekonomik karmasiklik kimeleri arasinda iliskisel varyansin
%79'unu agikladig gozlemlenmistir. ilk kanonik korelasyon, iki kiime arasindaki varyansin énemli
bir kismini agiklamaktadir. Bu, ekonomik karmasiklik ve sosyo-ekonomik gelisim arasindaki
gugld, cok boyutlu iliski oldugunu ifade etmistir.

Elde edilen bulgular 1siginda, karar vericilerin, sahip olduklari ekonomilerinin Uretim yapisini
cesitlendiren ve sofistike hale getiren stratejilere odaklanmalidir (TUrk, 2023). Bu, egitim ve
beceri gelistirme, arastirma ve inovasyonu destekleme ve teknolojik ilerlemelere elverisli bir
ortam yaratma gibi konulari igerebilir (Mao & An, 2021). Galisma, inovasyon ve ekonomik
karmasiklik arasindaki guclu baglantiyl gosterdiginden, egitim, arastirma ve gelistirmeye yapilan
yatinmlar artirlmali ve boylece inovasyon tesvik edilmelidir. Sadece DYY'nin kendisi degil, yuksek
teknoloji ve yenilikgi sektorleri hedefleyen kaliteli DYY c¢ekmek, ekonomik karmasikligin
artinlmasina yonelik yerel cabalara katkida bulunabilir. Ayrica, karmasik ekonomik faaliyetleri
desteklemek icin saglam kurumlar ve altyapi gelistirmek onemlidir. Bu, siyasi istikrari saglamak,
seffaf bir diizenleyici ortam olusturmak ve fiziksel ve dijital altyapiyr gelistirmek gibi unsurlari
icermektedir (Doru, 2022; Karabiyik, 2021).

Calismada elde edilen bulgular, literatirde onemli katki sunsa da ¢alismanin belirli sinirlamalari
bulunmaktadir. Calismanin 2021 verilerine dayanmasi, secilen dlke ekonomilerinin uzun vadeli
egilimleri tam olarak yansitmayabilir. Gelecek arastirmalar, bu sinirlamayi ele almak icin
alternatif yontemleri kesfedebilir ve bulgulari dogrulamak igin daha glncel verileri icerebilir.

Sonug olarak, bu ¢alisma, ekonomik karmasikligin sosyo-ekonomik gelisimdeki kritik rolunu
vurgulamaktadir. ilgili degiskenler arasindaki karmasik etkilesimleri anlayarak ve kullanarak,
politikacilar surdurtlebilir ve kapsayici buytmeyi tesvik eden stratejiler gelistirebilirler. Bu da
netice olarak, tlkelerin nifuslarinin yasam standartlarini iyilestirmelerine yardimci olacaktir.

Yazar katki oranlari

Calismaya 1. Yazar: %50, 2. Yazar: %50 oraninda katki saglamistir.

Cikar catismasi beyani

“Sosyo-ekonomik faktorlerin ekonomik karmasiklik tGzerindeki etkilerinin incelenmesi” baslikli
makalemizin herhangi bir kurum, kurulus, kisi ile mali ¢ikar ¢catismasi yoktur. Yazarlar arasinda
da herhangi bir ¢ikar catismasi bulunmamaktadir.
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