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Article 

Applying Logarithmic Transformation, Sine Wave 
and Amplitude: An Emerging Global Pattern of 
Economic Growth and Human Development 

Demetria May T. Saniel 

University of Science and Technology of Southern Philippines; (demetriamay.saniel@ustp.edu.ph) 

Abstract: The complex adaptive systems (CAS) research study investigates into the theoretical link of a 

sustained economic growth as a critical pathway to lift people out of poverty and improve their quality of life. 

The results show a left-skewed global behavior of an economy-driven human development of 189 countries 

with 20% or 27 countries obtaining low human development; 80% or 162 countries obtaining medium to very 

high human development of which 21.16% or 39 countries with medium HDI, 53 or 28.04% or 53 countries 

with high HDI, and 31.22% or 59 countries with very high HDI. Using the Log (GDP) for visual transformation, 

closer investigation into the scatterplot diagram reveals that there are also bimodal patterns where countries 

in the high amplitude and low amplitude groups obtained different human development outcomes despite 

less or more on economic growth variances mirror on the government policy priorities resulting in four 

differentiating conditions. Very few countries experience virtuous cycles where both growth and human 

development are successful; few countries with vicious cycles where both are weak; and many countries with 

lopsided conditions where the economy is strong but human development is weak, or conversely ones where 

human development is strong but the economy is weak. The global pattern of economy and human 

development illustrated by an upward sinusoid or sine wave refutes the conventional linear approach. 

Uniquely and most importantly, the sinusoidal wave illustrates a decreasing amplitude and decreasing periods 

as countries manifest apparently complex behaviors that emerge as a result of often nonlinear spatio-temporal 

interactions among a large number of component systems at different levels of organizations and governments 

leading to an emergence of a behavior characterizing of a complex adaptive system. 

Keywords: human development index; education index; health index; standard of living index; 

gross domestic product; complex adaptive systems; logarithmic transformation; sine wave; 

amplitude 

 

Introduction 

There is a surge of international studies exploring interactions between economic growth and 

global measures for human development leading to strategic foresight on policy and mechanisms to 

ensure the sustainability of humanity. The Sustainable Development Goals (SDGs), also known as 

the Global Goals, serve as an imperative universal call to action to ensure the sustainability of 

humanity characterized by decent living and poverty alleviation, planet and environment care and 

disaster mitigation. Among these conditions, the study focuses on economic conditions measured by 

the gross domestic product (GDP).  

Corollary, the call to action for human capital and human development has been emphasized as 

a critical determinant of economic development. A sustained economic growth remains a critical 

pathway out of poverty and a core driver of human development. In fact, there is overwhelming 

evidence that growth has been the most effective way to lift people out of poverty and improve their 

quality of life (Schwab, 2019). In addition, it exerts a significant influence on social and political issues, 

such as fertility, the education of children, and democracy (Barro, 2012).  

The United Nations Development Programme reported that the world is off-track to achieve the 

health-related SDGs. With progress uneven in both between and within countries resulting to a 31-

year gap between the countries with the shortest and longest life expectancies. On education, the 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2023                   doi:10.20944/preprints202305.1627.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202305.1627.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

universal primary education drop-out rates decreasing by 50% and increase in total enrolment to 91% 

indicate remarkable successes in achieving inclusive and quality education. However, where there is 

intense ongoing armed conflict and wide economic disparities, there is the belief that education is 

one of the most powerful and proven vehicles for sustainable development remains weak and futile. 

On decent work and economic growth, milestones include a “bulging middle”, the middle class 

making up for 34% of total employment, still there is more than 204 million people were unemployed 

(International Labor Organization, 2015) and ongoing effective measures eradicating forced labor, 

slavery and human trafficking.  

With the issues articulated above, research compels studies on assessing the impact outcomes of 

the global economic measures on human development. This paper probes into an overview of the 

main arguments linking economic development and sustainable humanity. To this end, this paper 

investigates on the research question on economic development as an engine of human development 

considering the following:  

1. the trend dynamics of human development among countries  

2. a correlation of GDP an Human Development among countries  

3. an emerging global GDP-HDI pattern 

Framework of the Study 

Complex Adaptive System (CAS).  The complex adaptive systems has been coined in the 1980s at 

the interdisciplinary Santa Fe Institute, a New Mexico think tank. CAS as dynamic systems are able 

to adapt and evolve with a changing environment. Complex Adaptive Systems (CAS) is a framework 

for studying, explaining, and understanding systems of agents that collectively combine to form 

emergent, global level properties (Carmichael et al., 2019). A complex adaptive system is a system 

made up of many individual parts or agents following simple rules (HBR, 2011).  Premised with no 

leader or individual coordinating the action of others; through the interactions of the agents, 

emergent patterns are generated. When the environmental elements of the system are altered, the 

system demonstrate behavioral change, i.e., may evolve, adapt or react. Many natural systems such 

as ecologies, societies and countries are characterized by apparently complex behaviors that emerge 

as a result of often nonlinear spatio-temporal interactions among a large number of component 

systems at different levels of organization (Buckley et al., 2008). The analysis of CAS is done by a 

combination of applied, theoretical and experimental methods (e.g., mathematics and computer 

simulation). The 189 countries included in this study comprise the complex adaptive systems with 

interactions between and among countries not limited to economic or trade. The interaction between 

the human development index and the gross domestic product of the countries emerges a pattern for 

analysis.    

Human Development. Multidisciplinary researches in the literature on Human Development 

place strong emphasis on the conceptual shift and alternative policy options that create a balance 

between economic growth and protection of the interest of poor and marginalized members of society 

became imperative (Gaye, 2011). Human development concerns on the improvement of lives and 

wellbeing at any age by enhancing their human abilities through positive relationships, experiences, 

and opportunities. For young people, human development involves nurturing abilities that help 

them decide what matters most in life and encouraging them to determine and navigate their own 

paths. It is about facilitating meaning and purpose, rather than using grades and test scores as the 

sole measurement of self-worth. For adults, human development involves fostering abilities that give 

people the opportunity to live lives they value rather than using income as the sole measurement of 

success or wellbeing. 

The Human Development Index (HDI) was created to emphasize that people and their 

capabilities should be the ultimate criteria for assessing the development of a country and not 

economic growth alone. The Human Development Index (HDI) is a summary composite index that 

measures a country's average achievements in three basic aspects of human development, namely, a 

long and healthy life, being knowledgeable and having a decent standard of living (income). The HDI 

is the geometric mean of normalized indices for each of the three dimensions. The HDI sets a 
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minimum and a maximum for each dimension, called goalposts, and then shows where each country 

stands in relation to these goalposts, expressed as a value between 0 and 1. 

The Health dimension, Long and Healthy Life, is assessed by life expectancy at birth which 

indicates the number of years a newborn infant would live if prevailing patterns of mortality at the 

time of its birth were to stay the same throughout its life. The index is globally accepted in multiple 

researches and government reports to reflect the overall mortality level of a population. It 

summarizes the mortality pattern that prevails across all age groups - children and adolescents, 

adults and the elderly. 

The Education Index, Knowledge, has been one of the most integral drivers and outcomes of 

global development. The provision of education is now viewed in most parts of the world as a basic 

right – with pressure on governments to ensure high-quality education for all. The Education Index 

premises that education is a broad measure of the overall level of preparedness of a country or region 

for a knowledge economy (World Bank Institute, 2008). Knowledge capital could determine the 

ability to build effective knowledge economies that deliver equitable and sustainable development 

(UNDP-MBRF, 2020). In this study, the Education dimension, Knowledge, is measured by expected 

years of schooling for children of school entering age and mean years of schooling for adults aged 25 

years (Education Index). Mean years of schooling gives an indication of human capital formation in 

a country while expected years of schooling gives an indication of the number of years of schooling 

that a child of school entrance age can expect to receive if prevailing patterns of age specific enrolment 

rates were to apply 

The Standard of Living dimension, A Decent Standard of Living, is measured by gross national 

income per capita (GNI Index). The Gross National Income, GNI, formerly referred to as gross 

national product (GNP) measures the total domestic and foreign value added claimed by residents 

at a given period in time, usually a year, expressed in international dollars using purchasing power 

parity rates (WHO). GNI comprises GDP plus net receipts of primary income (compensation of 

employees and property income) from nonresident sources. GNI provides an aggregate measure of 

income. An international dollar is defined as the currency unit that has the same purchasing power 

over GNI as the US dollar in the United States. For HDI, the GNI data are those estimated by the 

World Bank from the corresponding ones in the United Nations systems of National Accounts, 

expressed in domestic currency (World Bank). Purchasing power parity conversion factors are 

estimated by the World Bank based on data collected by the International Comparison Programme 

(ICP), which is coordinated by the United Nations regional economic commissions and other 

international organizations (ADB, 2007). Per capita figures are based on the World Bank's population 

estimates and projections (WHO).  

Overall, for the Human Development Index, the United Nations Development Programme’s 

(UNDP) has created the country classification system for the purpose of characterizing the progress 

of development primarily for policy decisions for better governance and shifting global attention and 

activity in improving inequities in countries, societies and communities. The classification system 

takes into account the multifaceted nature of development. HDI is a composite index of three indices 

measuring countries achievement in longevity, education and income. It also recognizes other aspects 

of development such as political freedom and personal security. In the classification system, 

developed countries are countries in the top quartile of the HDI distribution (Very High Human 

Development with HDI values between 0.800 to 0.953); developing countries consists of countries in 

the high group (HDI percentiles 51-75; High Human Development, 0.700 to 0.798); medium group 

(HDI percentiles 26-50; Medium Human Development with HDI values between 0.477 to 0.699), and 

the low group with bottom quartile HDI (Low Human Development:  0.354 to 0.546). 

Gross Domestic Product is a measure developed by an economist Simon Kuznets in the early 

1930s. The Gross Domestic Product (GDP) is widely accepted as the primary indicator of 

macroeconomic performance. The GDP, as an absolute value, shows the overall size of an economy, 

while changes in the GDP, often measured as real growth in GDP, show the overall health of the 

economy. The GDP consists of four components, namely: consumption, investment, government 

expenditure and net exports. The GDP Product (GDP) of an economy is a standard measure of total 
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production, the value of both of goods and services, produced by a country during a period has been 

established as a basic determinant of how the economy fares (OECD, 2009). By allocating total 

production to each unit of population, the extent to which the rate of individual output contributes 

to the development process can be measured. It indicates the pace of per capita income growth and 

also the rate that resources are used up. As a single composite indicator of economic growth, it is a 

most powerful summary indicator of the economic state of development in its many aspects. Among 

governments, GDP is one of the most comprehensive and closely watched economic statistics to 

prepare government budget, formulate monetary policy, used as indicator of economic activity in 

stock exchange centers, and data reference to prepare forecasts of economic performance that provide 

the basis for production, investment, and employment planning (McCulla et al., 2015). 

Global organizations on economic growth group countries into three classifications on the basis 

of the GDP, namely the Developing, Transition, Developed, and least developed.  

Gross Domestic Product and Human Development.  Research studies pursue the theoretical or 

conceptual link between economic growth and human development. The GDP concept relates 

directly to welfare, or more specifically to a somewhat narrower concept that of the “aggregate 

economic well-being” which may exclude factors that are very far outside the scope of GDP, such as 

the quality of the environment (Dynan & Sheiner, 2018). Government spending is expected to 

improve the Human Development Index (HDI) in order to increase public welfare. Theoretically, if 

the number of government expenditure is increasing then the Human Development Index (HDI) will 

be higher as well. Economic theories support that countries with lower GDP have poor human 

development; and most of the countries with higher GDP have better human development. There is 

also literature contrary to the theory that higher income usually associated with high human 

development. On the basis of the correlation between economic growth and human development, it 

is estimated that sustained per capita economic growth would indeed reduce conditions of low 

human development. These estimates lead this study to investigate empirical data to establish that 

countries cannot depend on economic growth alone to reduce the human development divide.  

 

Figure 1. Schematic Diagram showing the operational framework of the study. 

Methodology 

Data Collection: Human Development Index and the Gross Domestic Product (UNDP). The research 

study employs the non-experimental quantitative inferential design on the quantitative data for the 

Human Development Index and the Gross Domestic Product regularly published by the United 

Nations Development Programme (UNDP).  

The Human Development Index (HDI) of 189 countries provides a single index measure to 

capture three key dimensions of human development with the four key metrics. To assess the 

dimension on long and healthy life, the metrics on life expectancy at birth is used; to assess access to 

knowledge, the metrics on the expected years of schooling for the young generation and the average 

years of schooling for the older generation; and to assess the standard of living, the gross national 

income (GNI) per capita.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2023                   doi:10.20944/preprints202305.1627.v1

https://doi.org/10.20944/preprints202305.1627.v1


 5 

 

The HDI first forms indices for each of the four metrics where the values of each metric are 

normalized to an index value of 0 to 1. The dimension index is therefore 1 in a country that achieves 

the maximum value and it is 0 for a country that is at the minimum value.  

With the actual value for a given country, and the global maximum and minimum, the 

dimension (indices) value for each metric is calculated as: 𝐷𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 − 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 − 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 

Second, the four metrics are aggregated to calculate the HDI. The HDI is calculated as a 

geometric mean of the three components by taking the cube root of the product of the normalized 

component scores; i.e. the geometric mean (equally-weighted) of life expectancy, education, and GNI 

per capita, as follows: 

HDI = ሺ𝐈𝐻𝑒𝑎𝑙𝑡ℎ ∗ 𝐈𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝐈𝐼𝑛𝑐𝑜𝑚𝑒ሻ ଵ/ଷ 
The Health Index to assess Life Expectancy uses long-run estimates of life expectancy across the 

world are shown in the visualization. For countries where historical records are available, such as the 

UK, estimates can extend as far back as 1543 – click on the UK to see this long-run perspective. Global 

and regional estimates extend back to the year 1770. This dataset is based on a combination of data 

from the Clio Infra project, the UN Population Division, and global and estimates for world regions 

from James Riley (2005). 

The Education Index to assess Knowledge is the arithmetic mean of the two education indices. 

The two metrics are access to education which is measured by expected years of schooling of children 

at school-entry age; and the mean years of schooling of the adult population. Mean years of schooling 

estimates the average number of years of total schooling adults aged 25 years and older have 

received. This data extends back to the year 1870 and is based on the combination of data from Lee 

and Lee (2016); Barro-Lee (2018); and the UN Development Programme. Expected years of schooling 

measures the number of years of schooling that a child of school entrance age can expect to receive if 

the current age-specific enrollment rates persist throughout the child’s life by country (Gaye, 2011). 

The Standard of Living Index to assess A Decent Standard of Living uses the purchasing-power-

adjusted per capita Gross National Income (GNI). The GNI includes remittances and foreign 

assistance income, for example, providing a more accurate economic picture of many developing 

countries.  Gross National Income per capita which is adjusted for price changes over time, and price 

differences between countries is measured in international US$. The GNI per capita (PPP $) is 

calculated with the total income of a country's economy generated by its production and its 

ownership of factors of production, less the incomes paid for the use of factors of production owned 

by the rest of the world, converted to international dollars using purchasing power parity (PPP) rates, 

divided by midyear population. The HDI uses the logarithm of income, to reflect the diminishing 

importance of income with increasing GNI. The scores for the three HDI dimension indices are then 

aggregated into a composite index using geometric mean. 

The Gross Domestic Product (GDP) is the standard measure of the value of final goods and 

services produced by a country during a period (OECD, 2009). GDP measures the size of an economy 

by adding the market value of all final goods and services produced in a country in a given period. 

Using the expenditure approach, GDP is the consumption, gross investment, government spending, 

and imports against exports. More precisely, it is the monetary value of all final goods and services 

produced within a country or region in a specific time period. The current price estimates of GDP are 

adjusted to GDP at constant prices with the use of price deflators. Population estimates enable the 

conversion of total GDP to per capita levels, while exchange rates and other conversion factors are 

used to arrive at values based on a common unit of currency. Real GDP is derived by extrapolating 

total value- added in the base year with production indicators in physical terms or by deflating 

current price values by a price deflator. 

In addition, the GDP per capita, purchasing power parity (PPP) (current international $) is the 

GDP divided by the midyear population, where GDP is the total value of goods and services for final 

use produced by resident producers in an economy, regardless of the allocation to domestic and 

foreign claims. It does not include deductions for the depreciation of physical capital, or the depletion 
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and degradation of natural resources. PPP indicates the rate of exchange that accounts for price 

differences across countries, allowing for international comparisons of real output and incomes. An 

international dollar has the same purchasing power in the domestic economy as the US dollar has in 

the United States. PPP rates allow for standard comparisons of real prices among countries, just as 

conventional price indexes allow for comparisons of real values over time. The use of normal 

exchange rates could result in overvaluation or undervaluation of purchasing power. 

Data Analysis: Complex Adaptive System (CAS), Histogram, Scatter Plot, Logarithmic Transformation 

& Amplitude. A complex adaptive system has three characteristics. The first is that the system consists 

of a number of heterogeneous agents, and each of those agents makes decisions about how to behave. 

The most important dimension here is that those decisions will evolve over time. The second 

characteristic is that the agents interact with one another. That interaction leads to the third, 

something that scientists call emergence (Sullivan, 2011).  

The study uses histograms as a visual representation of the data distribution of GDP and HDI. 

The histograms display the very large amounts of data and the frequency of the data values of the 

189 countries; and the outliers and gaps in the data. The study uses the scatter plots to indicate values 

of individual data points and the patterns of the human development index (HDI) and the respective 

gross domestic product (GDP) of countries taken as a whole. The scatter plots show the relationships 

between variables, the HDI and the GDP of countries; describe possibly as positive or negative, strong 

or weak, linear or nonlinear. To visualize numerical data that range over several magnitudes, the 

research study uses the logarithmic transformation of the data for better visualization. The standard 

visualization technique to use in this study is the logarithmic transformation of data. Scatter plots 

with logarithmic axes are applied for the logarithmic transformation of HDI and GDP data whose 

range spans several orders of magnitude, yet still ensuring fidelity to the order of the observations 

while making outliers less extreme.  

Results & Discussion 

Histograms of HDI and GDP of 189 Countries. Figure 1 shows the distribution and frequency of the 

Human Development Index and the Gross Domestic Product of 189 countries. The differences across 

the world are very large, ranging from the highest values in North America, Europe, Japan, and 

Oceania to the lowest in central Africa. 

 
Figure 1. Histogram on the Distribution and Frequency of HDI & GDP of 189 Countries. 

Figure 1 also shows both histograms with skewed distributions of HDI & GDP of 189 countries. 

The histogram for the GDP presents a very sharp "skewed right" distribution is one in which the tail 

is on the right side. This indicates that majority of the countries have relatively similar low to middle 

range of GDP and very few countries in the far right of the scatter plot diagram with very high GDPs; 

and these could be considered as outliers. The histogram for the HDI presents a slightly "skewed left" 

distribution with the tail on the left side indicating that majority of the 189 countries converge on 

middle to high human development indexes.  

Tables 1 and 2 show the world views global human development in terms of four defined ranges 

Tables 1 & 2 show that there are 59 countries or 31.22% of 189 countries with very high HDI; 53 

countries or 28.04% with high HDI; 40 countries or 21.16% with medium HDI; and 37 countries or 

19.58% with low HDI. From the raw data, among the top ten HDIs, 80% are countries in Europe; and 

the ten lowest HDIs are all experienced in countries in the African continent. Overall, 152 countries 

or 80.42% characterize with The HDI was created to emphasize that people and their capabilities are 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2023                   doi:10.20944/preprints202305.1627.v1

https://doi.org/10.20944/preprints202305.1627.v1


 7 

 

priority criteria for assessing the development of their societies with better conditions in health, 

education and standard of living.   

Table 1. Listing of Countries in the Four Classifications of Human Development. 

 

Table 2. Summary of Countries in the Four Classifications of Human Development. 

Classifications of Human 

Development 

Number of 

Countries 
Percentage 

Cumulative 

Frequency 

Percentage 

Human 

Development 

Index Range 

Very High Human Development 59 countries 31.22 31.22 .800 to .953 

High Human Development 53 countries 28.04 59.26 .700 to .798 

Medium Human Development 39 countries 21.16 80.42 .477 to .699 

Low  Human Development 27 countries 19.58 100.00 .354 to .546 

Total 189 countries 100.00   

Figure 2 presents that histograms of the distribution of countries belonging to each of the 4 

classifications of HDI. Closer investigation into shows that there are distinguishing observations into 

the distribution of HDI in each of the four classifications. For the 59 countries with very high HDI, 

conditions for human development are relatively similar, i.e., welfare services and benefits are being 

provided and experienced equitably well. However, there are distinct differences for the other three 

classifications. The scatter plots show distributions with relatively two peaks. The bimodal 

distribution indicates that two highest main ranges. The two peaks mean that there are two groups 

in the frequency table that has the most frequency of occurrence. This also means that the data is 

showing two modes in the measures of central tendency. Many coverge in low-high and middle-high 

HDI; low-medium and upper-medium; and middle-low and upper-low HDI.  
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Figure 2. Histograms on the Classifications of Human Development Indexes of 189 Countries. 

Figure 3 shows the scatter plot diagrams of the HDI and GDP. The results of the above four (4) 

scatterplot diagrams consistently show most of the HDI-GDP data data points very closely 

converging near 0 point. In this case, the current scatter plots make it difficult for determination and 

analysis. To visualize those observations without losing information about these majority of 

countries, the study requires transformation that distributes the data more uniformly within the plot.  

 

Figure 3. Scatter Plot Diagrams of HDI and GDP of 189 Countries. 

Where all the four scatterplot diagrams of GDP and HDI yield relatively a behavior with very 

close plotting as shown in Figure 3, the Log of GDP is computed. Figure 4 is the scatter plot diagram 

with the log(GDP) and HDI showing the logarithmic transformation of data used as a standard 

visualization technique. When data whose range spans several orders of magnitude, the study 

considers a log transformation to enhance the visualization. A logarithmic transformation preserves 

the order of the observations while making outliers less extreme. Another reason, a logarithm 

transformation can change a highly skewed variable (as shown in Figure 3) into a more normalized 

distribution. In this attempt to linearize the relationship, the GDP is frequently approximated in log 

form. 
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Figure 4. Scatter Plot Diagrams with Logarithmic Transformations of HDI and GDP Data of 189 

Countries. 

Figure 4 shows interesting observations. First, there is more distribution of data points above 

the mean of HDI=.71(High HDI .700 to .798). The mean is very close to the published global HDI 

value of 0.728.This also further supports the earlier finding that the many countries (60%) have 

obtained high to very high HDIs. Second, instead of expecting the hypothetical linear pattern, the 

diagram presents an erratic pattern of high and low points of GDP and HDI refuting that global 

economy and human development behaviors are directly correlated or positively linear. It can be 

inferred from the scatterplot diagram that the human development of countries has a non-linear 

upward trend.  

Pursuing this argument, Finland, with a GDP of only 1.34% of US GDP, has obtained an HDI of 

0.920 which is relatively the same of US. Other similar cases also be observed where differences exist 

and argues about the direct influence GDP on HDI. Given two or a few countries with the same gross 

domestic product, the countries could not achieve a relatively the same measure of human 

development. Other countries with higher GDPs yield lower HDIs; countries with lower GDPs yield 

higher HDIs. These striking contrasts can directly stimulate further investigation into HDI profile 

analysis per HDI dimension and per country more specific debate about government policy 

priorities. 

Table 2 intends to identify the outlier countries in the logarithm transformation shown in Figure 

4. Table 2 lists the countries with the top ten GDPs. among the top ten GDP countries, eight (8) 

countries achieved the Very High HDI, two (2) with High HDI, but one (1) with only a Medium HDI. 

China with the second highest GDP is able to provide its people with a High HDI. For India, its high 

GDP have not provided more opportunities or there could be only few mechanisms that impact 

improvement in health, education and income. It is also interesting to note that Canada, with the 10th 

highest GDP and just 8.33% of the GDP of United States (having the highest GDP) has obtained a 

relatively the same very high human development index. China which has the 2nd highest GDP has 

obtained only a high HDI. 

Table 2. Top Ten GDP Countries & HDIs. 

Top Ten GDP Countries  
Gross Domestic Product (US$ 

million) 
Human Development Index  

United States 20,494,050 0.924 

China 13,407,398 0.752 

Japan 4,971,929 0.909 

Germany 4,000,386 0.936 

United Kingdom 2,828,644 0.922 

France 2,775,252 0.901 

India 2,716,746 0.640 
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Italy 2,072,201 0.880 

Brazil 1,868,184 0.759 

Canada 1,711,387 0.926 

Tables 3 and 4 intend to characterize the normalized distribution in the logarithm transformation 

shown in Figure 4. Tables 3 & 4 specifically show the countries belonging to the two groups as 

described in the bimodal distribution in Figure 4. The two groups where many countries converge 

confirm an earlier observation on a bimodal distribution. Tables 3 and 4 also show an emerging 

pattern as illustrated by amplitudes. With the HDIs of the countries in each group are arranged from 

their respective group’s range of lowest and highest values, the difference of the highest and lowest 

values, that is the peak deviation within the range, determines and characterizes the amplitude. 

Specifically, peak-to-peak amplitude (p–p) is the change between peak (highest amplitude value) and 

trough (lowest amplitude value). 

Table 3 presents the 57 countries belonging to the group with high amplitude. With the HDIs 

are arranged from the highest value to the lowest, the group consists of countries with 10.0 to 12.0 

Log(GDP) with HDIs widely ranging from Low HDI to Very High HDI. The range shows the lowest 

HDI at .388 (South Sudan) and the highest HDI at .935 (Iceland). The difference of these HDIs is 

almost p-p amplitude of 0.547; and where the differences from the low and high points are wider to 

characterize a high p-p amplitude. South Sudan and 5 other countries at the bottom of Table 3 have 

higher GDP values than Iceland and other 3 countries in the top 5 of Table 3. It could be inferred from 

this observation that countries of this group though of relatively within same GDP ranges, their 

country behaviors toward human development vary very widely; a distinct characteristic of complex 

adaptive systems with each agent making its own country decisions on how to behave in human 

capital and closing in inequities through varying national policy choices. 

However, in Table 4, the other group consists of countries with 12.5 to 15.0 Log(GDP) with HDIs 

ranging from almost Medium HDI to Very High HDI. The range shows the lowest HDI at .562 and 

the highest HDI at .953. The difference of these HDIs is .391 which further presents a low p-p 

amplitude. The differences from the low and high points are narrower in this second p-p amplitude 

illustrated in Figure 4. The behavior could be attributed to another distinct characteristic of complex 

adaptive systems that these countries have made decisions evolving over time by interacting with 

one another to close in the human development divide among these countries in a higher GDP range.  

Table 3. 57 Countries with High Amplitude. 

COUNTRY GDP HDI Log(GDP)  COUNTRY GDP HDI Log(GDP) 

Iceland 26684 0.935 10.191  Jordan 41869 0.735 10.642 

Luxembourg 68993 0.904 11.141  Tunisia 41662 0.735 10.637 

Slovenia 54969 0.896 10.914  Honduras 23835 0.715 10.078 

Estonia 29527 0.871 10.293  Uzbekistan 43303 0.710 10.675 

Cyprus 23963 0.869 10.084  Libya 43236 0.706 10.674 

Lithuania 52468 0.858 10.867  Turkmenistan 42764 0.706 10.663 

Slovakia 106585 0.855 11.576  Paraguay 41851 0.702 10.641 

Latvia 34286 0.847 10.442  Bolivia 41833 0.693 10.641 

Bahrain 39300 0.846 10.579  El Salvador 25833 0.674 10.159 

Hungary 155703 0.838 11.955  Morocco 118309 0.667 11.681 

Croatia 59971 0.831 11.001  Guatemala 79109 0.650 11.278 

Oman 81682 0.821 11.31  Congo, Rep 42692 0.606 10.661 

Bulgaria 63651 0.813 11.061  Ghana 51815 0.592 10.855 

Belarus 56934 0.808 10.949  Kenya 89591 0.590 11.403 

Uruguay 60933 0.804 11.017  Zambia 25778 0.588 10.157 

Kuwait 141050 0.803 11.856  Cambodia 24141 0.582 10.091 

Kazakhstan 170539 0.800 12.046  Angola 24141 0.581 10.092 
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Costa Rica 60816 0.794 11.015  Myanmar 71543 0.578 11.178 

Panama 66031 0.789 11.097  Nepal 28813 0.574 10.268 

Serbia 47564 0.787 10.769  Cameroon 38445 0.556 10.556 

Trinidad & Tobago 23284 0.784 10.055  Tanzania 55645 0.538 10.926 

Sri Lanka 92504 0.770 11.435  Syria 77460 0.536 11.257 

Venezuela 96328 0.761 11.475  Uganda 27855 0.516 10.234 

Azerbaijan 45592 0.757 10.727  Senegal 24240 0.505 10.095 

Lebanon 56709 0.757 10.945  Sudan 33249 0.502 10.411 

Ecuador 107511 0.752 11.585  Ethiopia 83836 0.463 11.336 

Ukraine 124603 0.751 11.732  Congo 42692 0.457 10.661 

Dominican Rep 81103 0.736 11.303  Yemen 28524 0.452 10.258 
     South Sudan 33249 0.388 10.411 

Table 4. 39 Countries with Low Amplitude. 

COUNTRY  GDP HDI Log(GDP)  COUNTRY GDP HDI Log(GDP) 

Norway  434937 0.953 13.000  Poland 586015 0.865 13.300 

Switzerland  703750 0.944 13.500  United Arab Emirates 424635 0.863 13.000 

Australia  1418275 0.939 14.200  Saudi Arabia 782483 0.853 13.600 

Ireland  372695 0.938 12.800  Chile 298172 0.843 12.600 

Sweden  551135 0.933 13.200  Argentina 518092 0.825 13.200 

Hong Kong  363031 0.933 12.800  Russia 1630659 0.816 14.300 

Singapore  361109 0.932 12.800  Malaysia 354348 0.802 12.800 

Netherlands  912899 0.931 13.700  Iran 452275 0.798 13.000 

Denmark  350874 0.929 12.800  Turkey 766428 0.791 13.500 

Canada  1711387 0.926 14.400  Mexico 1223359 0.774 14.000 

United Kingdom  2828644 0.922 14.900  Brazil 1868184 0.759 14.400 

Finland  275321 0.920 12.500  Thailand 487239 0.755 13.100 

Belgium  533153 0.916 13.200  Colombia 333114 0.747 12.700 

Austria  457637 0.908 13.000  South Africa 368135 0.699 12.800 

South Korea  1619424 0.903 14.300  Philippines 330846 0.699 12.700 

Israel  369843 0.903 12.800  Indonesia 1022454 0.694 13.800 

France  2775252 0.901 14.800  India 2716746 0.640 14.800 

Spain  1425865 0.891 14.200  Bangladesh 287630 0.608 12.600 

Italy  2072201 0.880 14.500  Pakistan 312570 0.562 12.700 

Figure 4 and Tables 3 & 4 altogether explain the amplitude illustrating a sine wave, sinusoidal 

wave or a sinusoid explaining the variance in the behavior of countries in terms of their economic 

growth behavior and human development behavior. The study applies the sine wave concept based 

from the implications of the amplitudes that could refer to the extent of efforts that demonstrate 

government spending, investments and economic activities that are expected to improve the Human 

Development Index (HDI) that translates to increase public welfare and the improvement of the 

quality of life. Moreover, economists explain that economic activities are aimed ultimately to 

contribute to the quality of human development. Economic activities need to achieve the key 

dimensions of human development, namely, health, knowledge and income. Governments and 

society invest in providing their citizens more freedoms and opportunities to improve their well-

being. Human development means that the people are able to live long, healthy lives, have access to 

functional and purposeful knowledge, and enjoy a decent standard of living. 

Conclusion 

The study articulates the following conclusions: 

First, the study through advanced mathematical functions applied for an econometric analysis 

demonstrates lopsided distribution and frequency of countries’ GDP and HDI; as well as establishes 
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strong links between economic growth and human development. Progress is not linear or 

guaranteed. 

Second, the country performance of the 189 countries on their GDP and HDI can be characterized 

in four ways: virtuous cycles where both growth and human development are successful; vicious 

cycles where both are weak; and lopsided ones where the economy is strong but human development 

is weak, or conversely ones where human development is strong but the economy is weak. Countries 

obtaining different human development outcomes despite less or more on economic growth 

variances mirror on the government policy priorities. 

Third, the global emergent behavior is manifested by the sine function of the GDP of the 

countries. The global pattern of economy and human development is an upward sinusoid or sine 

wave with a decreasing amplitude and decreasing periods. The sine wave refutes the conventional 

linear approach where the analysis for human development is restricted to only the four ranges of 

HDI. There is a series of high and low economy-driven human development conditions that the GDP 

is not the absolute precursor for human development. 

Fourth, the analysis of the study especially in countries with high human development levels 

are obtained, remarkable successes or challenges however are pursued such as dramatic increases in 

longevity, quality of education (functional knowledge); wealth disparities among rural, urban poor, 

urban rich; age and gender inequities; and inequalities among regions. 

Fifth, the economic growth and human development as a serious top agenda inclusive by most 

countries for the sustainability of humanity could eventually mitigate how inequalities and 

uncertainty drive polarization and escalated conflict. 

Recommendation 

 
Figure 2. Schematic Diagram showing the recommendatory UNDP operational framework of the 

study. 

The study recommends the following: 

For governments and policy-makers to collaborate with the academe in pursuing regional and 

local researches to identify inequalities or inequities in micro-components of the HDI dimensions and 

their corresponding sector services; and capacitate grass root levels in monitoring and measuring 

granular impact of economic growth to human development. 

For the private sector, governments and international coalitions, to set and operationalize a 

trajectory for social entrepreneurship that provides and utilize functional knowledge and futuristic 

patterns of behavior rather than dole-outs and other tangible give-aways. 

For both the public and private sectors to intensify forums for citizen engagement and 

community empowerment in stimulating debates on national policy choices and policy priorities 

leading to impactful innovation. 

For the private sectors to intensify forums for citizen engagement and community 

empowerment in stimulating debates on national policy choices and policy priorities. 
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