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Abstract 

This study seeks to identify the key variables that influence the variation and development of the Economic Complexity Index (ECI) 
in Ecuador, taking into account its impact on growth and competitiveness. It began with an exploratory data analysis (EDA) us ing 
line diagrams to examine the evolution and behavior of the variables over time, facilitating the identification of patterns and trends, 
subsequently, the Pearson correlation method is used to measure the strength and direction of the relationship between the ECI and 
key macroeconomic variables, thus identifying significant associations, in addition, multiple linear regression is applied to estimate 
the joint impact of these variables on the index, allowing determining the impact as well as the relative influence of these on the 
productive diversification and economic sophistication of Ecuador. 

Keywords: Complexity, Human capital, Development, Diversification. 

 

Introduction 

A country's economic development depends to a large extent on its capacity to generate 
productive knowledge and transform it into sophisticated goods and services for subsequent 
commercialization. In this context, economic complexity has become relevant as a key approach 
to understand the differences in growth and competitiveness between nations. This concept, 
introduced by [1] and [2] is based on the idea that development depends not only on the 
accumulation of capital and labor, but also on the diversity and sophistication of the products 
that an economy can generate; in this sense, recent studies have shown that economies with 
higher levels of complexity tend to experience faster and more sustainable growth [3]. 

According to [4] productive diversification not only boosts competitiveness, but also reduces 
vulnerability to external shocks and improves the nation's macroeconomic stability, in particular, 
a country's ability to generate high value-added goods is closely linked to investment in 
innovation, education and technological development  [5], therefore, economic development in 
Ecuador requires a comprehensive approach based on productive diversification and innovation, 
to analyze this process, three key theories were considered, first, the theory of economic 
complexity [1] [6] which argues that the productive knowledge accumulated in an economy is 
reflected in the diversification and sophistication of its goods and services, a higher level of 
economic complexity is associated with a more dynamic and resilient economic growth in the 
face of external shocks. From the perspective of endogenous technological change, [7] argues 
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that innovation in technology and knowledge, as well as the accumulation of human capital, are 
key drivers of economic development; investment in research and development allows 
economies to generate competitive advantages and adapt to a changing global environment; 
likewise, the “creative destruction” proposed by [8] highlights the importance of technological 
renewal and productive specialization as mechanisms of economic modernization. 

On the other hand, the human capital theory [2], [9] stresses the relevance of education and 
training in the generation of knowledge and productivity, a highly skilled workforce facilitates 
the adoption of advanced technologies and promotes productive diversification, in this context, 
digitalization and globalization have intensified the need to develop specialized skills that allow 
countries to insert themselves into value chains of greater complexity [10]. The economic 
complexity approach has been applied in various contexts to analyze the determinants of growth, 
for example, in Africa it has been found that the relationship between knowledge and 
development varies according to the level of income and institutional quality [11], while in Asia-
Pacific, industrial modernization has been a key factor in improving competitiveness, with 
evidence that the production and export of sophisticated goods have boosted economic 
development [12]. 

Human capital is a key determinant of economic development, and strengthening it through 
education and technology policies has been shown to improve the absorptive capacity of new 
technologies and increase global competitiveness [13]. In regions such as the Persian Gulf and 
China, investment in education and training has contributed significantly to regional economic 
convergence, reducing development gaps and improving the quality of employment [14], [15], 
similarly, the relationship between economic growth and environmental sustainability has been 
the subject of debate, while authors such as [16] suggest that a higher level of economic 
complexity can reduce environmental degradation through the incorporation of clean 
technologies, others warn about the risks of a development based on the intensive exploitation 
of natural resources [17], in this sense, technological development and investment in human 
capital play a central role in the transition to more sustainable productive models [18]. 

According to [19], a country's competitive advantage lies in its capacity to develop innovative 
and differentiated productive sectors, which determines its insertion in global trade; this 
advantage depends not only on natural resources or production costs, but also on the 
sophistication of the knowledge incorporated in the exported goods, which in turn influences 
economic complexity; in this context, international trade and integration in global value chains 
have been identified as determining factors of economic growth. Studies have found a 
bidirectional relationship between the trade balance and macroeconomic stability, which 
suggests that access to international markets is key to productive diversification [20]. In this 
regard, [21] mention that foreign direct investment (FDI) has mixed effects: while in advanced 
economies it has contributed to an increase in economic complexity, in low-income countries its 
impact has been less uniform, and has even generated inequalities and environmental problems 
in some cases. 

This study arises from the need to analyze how various factors influence the economic 
complexity of Ecuador, given its key role in growth and development, the results would 
contribute to policy makers to design strategies that promote productive diversification and 
reduce dependence on primary exports, strengthening economic resilience, likewise, this 
knowledge contributes to academia by strengthening the study of economic complexity in 
developing economies and their relationship with innovation, education and investment. 
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Background 

Economic Complexity Index 

Developed by [1] , the Economic Complexity Index (ECI) is a quantitative measure that 
evaluates the productive sophistication of a country based on the diversity and uniqueness of its 
exports. The ECI is based on the idea that economic development depends on the accumulation 
of productive capacities implicit in a country's export structure. Economic complexity not only 
fosters growth, but also contributes to the reduction of inequality, through appropriate policies 
affecting education, public spending and trade openness, which facilitates a decrease in income 
inequality[22]. 

According to [23], the ECI is a key determinant of economic growth, as it reflects the level of 
productive knowledge incorporated in the economic structure of a country, countries with more 
complex economies tend to diversify their production, which allows them to innovate and 
generate higher value-added goods, unlike economies dependent on natural resources, which can 
achieve high incomes without being complex, but are more vulnerable to external fluctuations, 
so that this index not only measures the level of productive sophistication, but also explains and 
anticipates the dynamics of economic development. 

Foreign Direct Investment 

Foreign direct investment (FDI) is characterized as a long-term investment in which an investor 
acquires a significant stake in a foreign company to influence or control its management, being 
a key driver of economic growth in host countries, generating positive externalities [24]. 
According to [25] FDI drives economic development by introducing advanced technology and 
capital, strengthening production, financing essential projects, generating employment and 
increasing local competitiveness, while facilitating export access to international networks. 

Foreign capital plays a crucial role in promoting innovation, improving technological 
infrastructure and fostering the transfer of knowledge and skills [26]. According to [21] FDI has 
a negative impact on sustainable development in low-income countries, contributing to 
environmental degradation and increasing inequality, while in high-income countries it has a 
positive effect, highlighting the need to attract high-quality or “green” investments to maximize 
their benefits and mitigate adverse effects.  

Trade Balance 

The trade balance is an economic indicator that reflects the relationship of exchange of goods 
and services between a country and others, recording exports and imports during a given period, 
a surplus indicates that exports exceed imports, which can contribute to the country's economic 
growth, this indicator is crucial to assess the development and competitiveness of an economy 
[27] 

The trade balance influences GDP growth, since a surplus indicates a solid productive capacity 
to compete in the international market, while a prolonged deficit can affect employment and 
national production. In Ecuador, many economic agents have directed their resources towards 
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importing goods and services, driven by factors such as quality and prices, which has generated 
a trade deficit with possible negative effects on the economy [28]. 

Capital Humano 

Human capital is a determining factor in economic development, as it encompasses both 
education and the health of the population, essential aspects for increasing productivity and the 
capacity for innovation in an economy. Education, by providing individuals with skills and 
knowledge, improves employability and fosters creativity, key elements for technological 
transformation and global competitiveness, and also contributes to poverty reduction and social 
equity by generating opportunities for economic mobility and improving quality of life [29]. 

On the other hand, investment in health directly influences the development of human capital by 
improving the living conditions and productive capacity of the population. According to [30], 
health spending has a significant impact on GDP growth, given that it enables the formation of 
a healthier and more productive workforce, greater investment in health is associated with 
increased life expectancy and reduced economic losses from occupational health problems. 
Health spending can enhance economic complexity by improving quality of life and 
productivity, although its impact depends on structural and policy factors, and in high-income 
contexts it does not always translate into higher levels of economic sophistication [31]. 

Metodology 

Population 

In this study, the population is composed of macroeconomic data on foreign trade, foreign 
capital, human capital and economic performance of Ecuador between 2007 and 2021, allowing 
a comprehensive view of its economic and social structure..    

The study used all available observations on Ecuador's macroeconomic variables, including the 
economic complexity index (ECI), foreign direct investment (FDI), the trade balance at current 
prices, the total number of graduate students in third level and current spending on health, 
ensuring a comprehensive analysis of the country's economic complexity. 

Descriptive Analysis 

To understand the dynamics of the variables over time, a descriptive analysis was performed 
using line graphs. This approach makes it possible to visualize trends and patterns in the 
evolution of the macroeconomic variables included in the study, facilitating the identification of 
possible relationships or structural changes in the period of analysis [32]. Graphical analysis 
complements the statistical methods used in the study by providing a visual representation of the 
variability of the data. 

Correlational Analysis 

Pearson's rank correlation coefficient 

Next, the Pearson correlation coefficient is calculated, which measures the linear relationship 
between two numerical variables through the standardized covariance, allowing us to analyze 
how they vary together without establishing causality and providing a mathematical basis for 
evaluating their association by modeling relationships and supporting the hypothesis on the 
dependence between variables. As shown in Figure 1. 
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r-value Interpretation 

0.50 a 1 Strong positive correlation 

0.30 a 0.49 Moderate positive correlation 

0.10 a 0.29 Weak positive correlation 

0 a 0.09 Null positive correlation 

0 a -0.09 Negative null correlation 

-0.10 a -0.29 Weak negative correlation 

-0.30 a -0.49 Moderate negative correlation 

-0.50 a -1 Strong negative correlation 

Table 1 Pearson Correlation Coefficients 

Note. Interpretation of Pearson's correlation coefficient. Source: Hernandez et al. (2018).  

Pearson's correlation formula  

𝑟 =
∑(𝑋𝑖−�̅�)(𝑌𝑖−�̅�)

√∑((𝑋𝑖−�̅�)2∙√∑((𝑌𝑖−�̅�)2
   Hernández et al. (2018) 

 𝑋𝑖 , 𝑌𝑖 = Individual values of variables X and Y. 

 �̅�, �̅�  = Means of the variables X and Y. 

 ∑(𝑋𝑖 − �̅�)(𝑌𝑖 − �̅�) = Covariance between X and Y.   

 √∑((𝑋𝑖 − �̅�)2  𝑦 √∑((𝑌𝑖 − �̅�)2  = Standard deviations of X and Y, respectively. 

Explanatory Analysis   

Ordinary least squares (OLS). 

The study used an ordinary least squares model to analyze the relationship between the economic 
complexity index and various macroeconomic variables. This approach allows evaluating the 
simultaneous effect of multiple explanatory factors on the dependent variable, providing a better 
estimate of the impact of each one of them; in addition, the model decomposes the variance of 
the dependent variable and measures the relative contribution of each predictor, which facilitates 
the economic interpretation of the model [33]. To ensure the validity of the model, tests were 
carried out to verify the fulfillment of its fundamental assumptions, necessary to ensure the 
correct obtaining of the results.  

The general equation of the multiple regression is expressed as. 

Y=β0+β1X1+β2X2+...+βnXn+ε 

 Y (dependent variable): It is the variable we want to explain or predict. 

 X1, X2, Xn (independent or explanatory variables): They are the factors that influence 
Y.   

 β0 (intercept): It is the value of Y when all Xi are zero. 

 β1, β2…, βn (regression coefficients): They represent the expected change in Y when 
the variable Xi increases by one unit, keeping the other variables constant. 
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 ε (término de error): (error term): Captures the variability not explained by X, i.e. factors 
not included in the model. 

To validate the model, the coefficient of determination 𝑅2, which measures the variability 
explained by the independent variables, and statistical tests such as the t-test, which evaluates 

the individual significance of each regressor, and the 𝐹-test, which analyzes the joint significance 
of the model, were analyzed. These checks ensure the reliability of the results for the 
interpretation of the Economic Complexity Index (ECI). 

Results 

Line Diagram 

Figure 1 shows the evolution of the economic complexity index in Ecuador during the period 
2007-2021, evidencing a downward trend with fluctuations that reflect changes in the country's 
productive structure. Thus, in the early years, the ECI shows relative stability, followed by a 
peak in 2012, from which a sustained decline is observed until 2020, suggesting a progressive 
loss of productive sophistication and a possible greater dependence on lower value-added sectors 
[1]. This decline may be linked to macroeconomic and structural factors, such as reduced 
investment in strategic sectors, changes in economic policy or fluctuations in foreign direct 
investment [34].   

The slight recovery observed in 2021 could respond to the post-pandemic economic reactivation 
and initiatives aimed at strengthening competitiveness in more knowledge-intensive sectors 
[35]. In this sense, the evolution of the ECI is a key indicator for evaluating Ecuador's capacity 
to integrate into global value chains and develop more technologically complex sectors, with 
direct implications for its long-term economic growth [36] 

 

Figure 1 Line chart of Ecuador's ECI (2007 - 2021) 

Note: Line graph of the economic complexity index. Source: (Harvard Growth Lab, 2024). 
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Figure 2 presents the evolution of foreign direct investment in Ecuador during the period 2007-
2021, evidencing high volatility with significant fluctuations over time. A strong increase is 
observed in the period 2007 - 2008, followed by a sharp drop in subsequent years, which could 
be linked to the global financial crisis and its impact on capital flows to emerging economies 
[37], from 2011, FDI experiences moderate growth, reaching peaks in 2015 and 2018, which 
could be related to investment attraction policies and the relative stability of international 
markets in those periods [38], however, the drop after 2019 suggests possible adverse effects 
derived from the COVID-19 pandemic and the global economic uncertainty experienced during 
that crisis period. 

These movements reflect the sensitivity of FDI to external factors and the country's capacity to 
generate favorable conditions for investment. According to [4], foreign investment not only 
responds to fiscal incentives and macroeconomic stability, but also to the presence of 
infrastructure and technological capabilities that favor productivity.  

 

Figure 2 Line Chart of Foreign Direct Investment in Ecuador (2007 - 2021) 

Note. line graph of FDI in Ecuador. Source: The World Bank (2023).  

Figure 3 shows the evolution of health spending as a percentage of GDP in the period 2007-
2021, which exhibits a growing trend, with a sustained increase from approximately 5.5 % in 
2007 to values close to 9 % in 2021. This dynamic suggests a progressive strengthening of 
investment in the health sector, which could be associated with public spending expansion 
policies, improvements in health infrastructure or the impact of recent health crises, such as the 
COVID-19 pandemic from 2020 [39], likewise, the relative stability between 2015 and 2018 
could indicate a period of budgetary consolidation or changes in resource allocation priorities, 
these results reflect the importance of sustained financing to ensure access to health services and 
its possible relationship with the country's economic development [40]. 
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Figure 3 Line Chart of Health Spending in Ecuador (2007 - 2021) 

Note. Line graph of health spending as a percentage of GDP in Ecuador. Source: The World 
Bank (2023). 

Figure 4 shows the evolution of the trade balance in dollars for the period 2007-2021, evidencing 
a high volatility over time, such that a surplus is observed in the first years, followed by a 
decreasing trend that reaches its lowest point in 2015, which could be associated with external 
shocks, such as the fall in oil prices or trade restrictions [41], subsequently, the trade balance 
experiences fluctuations with periods of recovery and deficit, suggesting a dynamic relationship 
between exports, imports and the country's productive structure. According to the theory of 
Economic Complexity, a more diversified and sophisticated export system tends to generate a 
more stable and resilient trade balance, which has a bidirectional causal relationship with 
economic growth [1], [20], in this sense, the observed instability could reflect the dependence 
on sectors with lower value added, which reinforces the importance of promoting productive 
diversification to improve the country's trade position and the Economic Complexity Index 
(ECI). 
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Figure 4 Line Chart of Ecuador's Trade Balance (2007 - 2021) 

Note: Line graph of Ecuador's trade balance. Source: The World Bank (2023). 

Figure 5 shows the evolution of the total number of students graduating at the tertiary level 
between 2007 and 2021, which shows a steady growth until about 2017, followed by a slight 
decline in subsequent years, with a steeper drop in 2019 and a slight partial recovery in 2020-
2021. According to [9] human capital theory, higher education is a key determinant of economic 
development, as it improves the productivity and innovative capacity of the labor force, thus, in 
the context of economic complexity, a higher number of graduates can contribute to the 
productive sophistication of the country, facilitating export diversification and the improvement 
of the ECI [42], the drop observed in 2019 could be related to economic factors or changes in 
educational policies, while the partial recovery in 2020-2021 suggests a response to the need for 
human capital in a context of economic transformation [2], [43] this reinforces the importance 
of investment in higher education as a key mechanism for economic growth and improvement 
of the country's competitiveness. 
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Figure 5 Line Graph of the Total Number of Students Graduating From Higher Education In Ecuador 
(2007 - 2021). 

Note. Line graph of total students graduating at higher level Ecuador. Source: The World Bank 
(2023). 

Figure 6 represents the evolution of education spending in Ecuador between 2007 and 2021, 
reflecting a sustained growth until 2019, followed by a reduction in 2020 and a slight recovery 
in 2021. This behavior can be analyzed from [9] human capital theory, which emphasizes 
investment in education as a key determinant of economic growth and productivity, and from 
[7] endogenous technological change perspective, higher spending on education could favor the 
accumulation of knowledge and innovation, essential elements to improve a country's economic 
complexity, In this sense, the decrease in spending in 2020 could have been a consequence of 
fiscal restrictions derived from the global health crisis, potentially affecting Ecuador's capacity 
to increase its economic complexity. These findings demonstrate the importance of maintaining 
sustainable investment policies in education to foster the country's economic and technological 
development. 
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Figure 6 Line Graph of Ecuador's Education Expenditure (2007 - 2021) 

 Note. Line graph of education spending in Ecuador. Source: The World Bank (2023). 

Normality Test 

Table 2 presents the results of the normality test of the variables using the Shapiro-Wilk test. 
The significance values obtained for all the variables were greater than 0.05, which indicates 
that the null hypothesis of normality cannot be rejected. This suggests that the data of the 
variables analyzed follow a normal distribution, which allows the use of parametric statistical 
techniques that assume this characteristic in the data. 

 

Normality tests 

Variables Shapiro-Wilk 

  Estadístico Sig. 

ICE 0,921 0,199 

IED 0,957 0,645 

TradeBalance 0,988 0,998 

EducationExpenditure 0,914 0,156 

StudentsHigher 0,933 0,302 

Health PIB 0,943 0,426 

Table 2 Normality Test of the Study Variables 

Note. Normality test for each of the variables studied. 
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Correlation Between the ECI and Macroeconomic Variables 

 

  1 2 3 4 5 

Pearson's 
r 

1. ECI r 1         

Sig. 
(bilateral) 

          

2. Balance of 
payments  

r 0,393 1       

Sig. 
(bilateral) 

0,147         

3. FDI r -0,502 -0,271 1     

Sig. 
(bilateral) 

0,057 0,328       

4. AlumSup r -,566* -,618* ,535* 1   

Sig. 
(bilateral) 

0,028 0,014 0,040     

5. 
HealthGDP 

r -
,788** 

-0,461 ,563* ,749** 1 

Sig. 
(bilateral) 

0,000 0,084 0,029 0,001   

Table 3 Pearson's Correlation for Study Variables 

Note. Pearson correlation values for the variables studied. 

Trade balance (r = 0.393, p = 0.147): 

The positive correlation between the ECI and the trade balance suggests that a higher trade 
surplus could be associated with greater economic sophistication. However, since the 
significance value (p = 0.147) is above the common threshold of 0.05, this relationship is not 
statistically significant. [44] argue that countries with a more diversified and sophisticated 
productive structure tend to show better performances in foreign trade, which could explain this 
relationship. 

Foreign Direct Investment (FDI) (r = -0.502, p = 0.057):  

A negative correlation is observed between FDI and ECI, suggesting that a greater flow of 
foreign investment does not necessarily contribute to the sophistication of the Ecuadorian 
economy. This result could be interpreted in light of [7] theory of endogenous technological 
change, where the type of investment is a determinant in the generation of knowledge and 
technological improvements. The relationship is not statistically significant at 5%, but it is close 
to the threshold (p = 0.057), indicating that there might be a trend that deserves further 
exploration. 

Student production in higher education (AlumSup) (r = -0.566, p = 0.028):  

The negative and statistically significant correlation at 5% suggests that a higher number of 
higher education graduates is associated with lower economic complexity. This finding could be 
contrary from [9] human capital theory, which argues that more education should boost 
economic development, however, in the Ecuadorian context, this could reflect problems in the 
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quality of education, the non-employability of graduates in key sectors of the economy, or 
mismatches between academic training and the needs of the productive market. 

Health expenditure as a percentage of GDP (HealthGDP) (r = -0.788, p = 0.000):  

A strong and highly significant negative correlation (p < 0.01) is identified between ECI and 
health spending, this indicates that higher health spending is associated with lower economic 
complexity. This result could reflect that in periods where the state allocates more resources to 
health, investment in strategic sectors for productive sophistication is reduced. [9] mentions that 
human capital is fundamental for growth, but if health spending responds to health crises or 
structural problems, it could divert resources from areas that enhance competitiveness and 
innovation. Health spending boosts economic development by improving productivity, reducing 
mortality and promoting equity in access to services, also acting as a macroeconomic stabilizer 
that favors sustainable growth [45]. 

Multiple Linear Recession Assumptions 

 

Assumption Results 

Autocorrelation Durbin-Watson test 

DW = 1.6294, p-value = 0.08742 

Homoscedasticity Breusch-Pagan test 

BP = 3.5459, df = 4, p-value = 0.4709 

White test 

BP = 4.2585, df = 2, p-value = 0.1189 

Multicollinearity   IED        Balanza AlumSuper SaludPIB 

1,542299 1,632781 3,056376 2,488191 

Normality of residuals Exact one-sample Kolmogorov-Smirnov test 

D = 0.16669, p-value = 0.7394 

Model specification RESET test 

RESET = 1.4278, df1 = 2, df2 = 8, p-value = 0.2949 

Table 4 Multiple Linear Regression Assumptions 

Note: Assumptions necessary for a correct application of the model.  

The analysis of the assumptions of the multiple linear regression model allows validating the 
efficiency of the ordinary least squares estimator and guaranteeing reliable inferences. 
Regarding the autocorrelation of the residuals, the Durbin-Watson test (DW = 1.6294, p-value 
= 0.08742) does not allow rejecting the null hypothesis of absence of serial correlation at 5% 
significance, suggesting that the errors are independent, homoscedasticity is evaluated by the 
Breusch-Pagan tests (BP = 3. 5459, p-value = 0.4709) and White (BP = 4.2585, p-value = 
0.1189), their high p-values confirm the absence of evidence to reject the hypothesis of constant 
variance in the residuals, thus fulfilling this essential assumption of the model. 

On the other hand, multicollinearity is analyzed through the variance inflation factors (VIF), 
observing that the variables all variables are within the acceptable threshold (< 5), validated with 
the Kolmogorov-Smirnov test (D = 0.16669, p-value = 0. 7394), does not allow rejecting 
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normality, assuring the validity of the parametric tests, and finally, the model specification, 
evaluated by the RESET test (F = 1.4278, p-value = 0.2949), does not indicate problems of 
functional misspecification, so that overall, the results suggest that the model complies with the 
fundamental assumptions for a valid and efficient linear regression. 

Multiple Linear Regression 

Table 5 shows the results of the multiple linear regression model, with an R² of 0.6334 and an 
adjusted R² of 0.4867, the model explains approximately 48.67% of the variability of the ECI, 
indicating a moderate fit, the F-test (F = 4.319, p-value = 0. 0276) suggests that, as a whole, the 
explanatory variables have a significant effect on the dependent variable at the 5% significance 
level, however, at the individual level, only the variable HealthGDP is significant (p = 0.0256), 
indicating that health spending relative to GDP has a negative and statistically relevant impact 
on the ECI, while the other variables (FDI, trade balance and students in higher education) do 
not show significant effects in the model. 

 

MODELO 1     

Call:     

lm(formula = ECI ~ IED + Balanza + AlumSuper + SaludPIB, data = data) 

Residuals:     

     Min             1Q          Median        3Q            Max    

-0.17025   -0.08806    -0.02685    0.07057    0.22455   

Coefficients:    

                          Estimate        Std. Error       t value       Pr(>|t|)    

(Intercept)       1.820e-02        3.852e-01         0.047       0.9633    

IED                  -5.371e-11       1.212e-10       -0.443        0.6672    

Balanza            9.629e-12       2.848e-11         0.338        0.7423    

AlumSuper      3.440e-05       8.573e-05         0.401        0.6967    

SaludPIB        -1.565e+01      5.972e+00       -2.621        0.0256 *  

---     

Signif. codes:   0  ‘***’  0.001  ‘**’  0.01  ‘*’  0.05  ‘.’  0.1  ‘ ’  1  

     

Residual standard error: 0.1351 on 10 degrees of freedom 

Multiple R-squared:  
.6334,   

 Adjusted R-squared:  0.4867   

F-statistic: 4.319 on 4 and 10 DF,  p-value: 0.0276  

Table 5 Ordinary Least Squares Model 1 For Ecuador's Macroeconomic Variables 

Note. OLS Of the Study Variables. 

Continuing with the analysis, a second simple linear regression model was developed with the 
purpose of exclusively examining the relationship between the economic complexity index and 
health spending, this variable was previously identified as the only significant variable in the 
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multiple linear regression, so it was considered pertinent to delve into its impact on economic 
complexity. 

 

MODELO 2     

Call:     

lm(formula = ECI ~ SaludPIB, data = data) 

Residuals:     

     Min             1Q          Median        3Q            Max    

-0.14736        -0.08776      -0.03538      0.07804       0.24732  

Coefficients:    

                          Estimate      Std. Error     t value      Pr(>|t|)    

(Intercept)          0.1621          0.2379        0.681      0.507756  

SaludPIB           -15.5887          3.3737         -4.621       0.000479 ***  

---     

Signif. codes:   0  ‘***’  0.001  ‘**’  0.01  ‘*’  0.05  ‘.’  0.1  ‘ ’  1  

     

Residual standard error: 0.1204 on 13 degrees of freedom 

Multiple R-squared:  
.6216,   

 Adjusted R-squared:  0.5924   

F-statistic: 21.35 on 1 and 13 DF,  p-value: 0.0004793  

Table 6 Linear Regression for the Macroeconomic Proxy Variable for Ecuador 

Note: Second linear regression model for health spending on Ecuador's economic complexity 
index. 

The results presented in Table 6 indicate that the estimated coefficient of health spending is -
5.5887, with a p-value of 0.000479, which confirms a negative and highly significant impact on 
the ECI at 1% confidence level, suggesting that an increase in health spending, holding all else 
constant, is associated with a decrease in economic complexity. The model presents an adjusted 
R² of 0.5924, indicating that approximately 59.24% of the variability of ECI is explained by 
HealthGDP, furthermore, the F-test (F = 21.35, p-value = 0.000479) confirms that the model is 
statistically significant overall. 

The regression model confirmed that health spending is the only variable statistically significant 
in explaining the variability of the ECI; this finding supports the hypothesis that an inadequate 
allocation of resources to sectors of low productive complexity limits economic development 
(Carpio et al., 2021). The absence of significance in other variables suggests that the relationship 
between the ECI and the macroeconomic environment is more complex than expected and 
requires a more detailed analysis of the quality of foreign investment and the country's 
productive structure. 
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Hypotheses  

Multiple Linear Regression 

a) Logical model 

H₀: The macroeconomic environment does not significantly affect Ecuador's economic 
complexity. 

H₁: The macroeconomic environment significantly affects Ecuador's economic complexity. 

b) Mathematical model. 

H₀: β₁ = β₂ = β₃ = β₄ = 0 

H₁: At least one of the coefficients of the macroeconomic variables is different from 0. 

c) Statistical model. 

The multiple linear regression model is expressed as: 

𝐼𝐶𝐸𝑡=𝛽0+𝛽1𝐼𝐸𝐷𝑡+𝛽2𝐵𝑎𝑙𝑎𝑛𝑧𝑎𝑡+𝛽3𝐴𝑙𝑢𝑚𝑆𝑢𝑝𝑒𝑟𝑡+𝛽4𝑆𝑎𝑙𝑢𝑑𝑃𝐼𝐵𝑡+𝜀𝑡 

Where: 

𝐼𝐶𝐸𝑡 represents the Economic Complexity Index in period 𝑡. 

𝐼𝐸𝐷𝑡, 𝐵𝑎𝑙𝑎𝑛𝑧𝑎𝑡, 𝐴𝑙𝑢𝑚𝑆𝑢𝑝𝑒𝑟𝑡 and 𝑆𝑎𝑙𝑢𝑑𝑃𝐼𝐵𝑡 are the explanatory macroeconomic variables. 

𝛽0 is the intercept, 𝛽𝑖 the regression coefficients and 𝜀𝑡 the error term. 

Decision rule. 

At a 95% confidence level, if the p-value of the F-statistic is less than 0.05, the null hypothesis 
is rejected and the alternative hypothesis is accepted, confirming that at least one 
macroeconomic variable has a significant impact on economic complexity. 

Model Results 

As shown in Table 6, since the p-value (0.0276) is less than the significance threshold of 5%, 
the null hypothesis is rejected and the alternative hypothesis is accepted, confirming that the 
macroeconomic environment significantly affects Ecuador's economic complexity. 

Discusión 

The results obtained in this study allow us to analyze the relationship between the 
macroeconomic environment and the economic complexity of Ecuador from three different 
approaches: 

The analysis of the line diagrams showed fluctuations in the evolution of the economic 
complexity index (ECI) and its main macroeconomic determinants; a sustained decrease in the 
ECI was observed during periods of economic crisis, which suggests a high sensitivity of the 
Ecuadorian productive structure to changes in the macroeconomic context; this behavior can be 
explained by the theory of economic complexity [1], which states that economies with less 
productive diversification are more vulnerable to external shocks. Empirical studies have shown 
that countries with an export basket concentrated in low value-added products tend to experience 
greater volatility in their economic growth [46]. In the case of Ecuador, dependence on primary 
sectors, such as oil and agricultural products, has been a determining factor in the evolution of 
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its economic complexity, since international price shocks have negatively impacted its export 
performance and, therefore, its ECI [47]. According to the literature on structural change, 
economic resilience depends on the capacity of countries to diversify their productive matrix 
and develop knowledge-intensive sectors [48]. 

The Pearson correlation between the ECI and key macroeconomic variables, here a significant 
negative relationship was identified between the ECI and health spending as a percentage of 
GDP (r = -0.788, p < 0.01), indicating that higher health spending may not be directed towards 
sectors that foster productive sophistication, similarly, the negative correlation between the ECI 
and the number of higher education graduates (r = -0. 566, p < 0.05) suggests that the educational 
system is not generating the human capital needed to strengthen the country's productive 
structure [49]in contrast, the trade balance presented a positive correlation with the ECI, 
although not significant, which reinforces the idea that a more diversified economy can improve 
its trade position [50]. 

The negative relationship with the only representative variable being health spending and the 
economic complexity index can be explained by the allocation of resources to sectors with low 
productive complexity, although health is a fundamental pillar of human capital, its impact on 
economic sophistication depends on how spending is structured, in economies where a large 
proportion of the budget is allocated to the primary sector, instead of promoting knowledge-
intensive sectors, the impact on productive diversification may be limited [40]. According to 
[47], in countries with economies dependent on the extraction of natural resources, investment 
in health may not translate into significant improvements in innovation or advanced 
technological sectors, since the productive structure continues to be oriented towards less 
complex activities, so that the lack of integration of health policies with innovation and 
technological development strategies could be limiting the expected positive impact on the ECI, 
reinforcing an economic structure based on traditional comparative advantages instead of one 
based on dynamic and technological capabilities. 

Overall, these results underscore the need to reformulate public policies to direct investment in 
health and education towards sectors that promote innovation and technological development, 
as well as to strengthen productive diversification strategies and improve the linkage between 
foreign investment and sustainable economic growth in Ecuador. 
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