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ABSTRACT

The presence of a middle class in a society becomes the cornerstone of growth, social stability, and democracy. Our goal is to identify the factors that contribute to the creation and sustainment of the middle class. We analyze from a theoretical and empirical perspective the importance of four types of infrastructures that are deemed necessary for the middle class: physical, legal, social, and financial. Each of these types is sufficiently broad that it was decided that no single proxy variable would be adequately explanatory, so under each infrastructure, we collected values of numbers of different variables. We then ran a Support Vector Machine (SVM) algorithm on the data in order to analyze them and isolate the most important factors. By applying the algorithm to different combinations of countries, we can try to look at which factors help a middle class to grow. Additionally, the SVM algorithm allows categorization of further data, to begin the work of deciding the stage of growth of the middle class in a specific country. However, the limited size of our initial data set would make any such categorization highly preliminary. The results of this study indicate that the combination of these factors contributes to the development and sustainment of the middle class, and this method is a promising approach to study this area.

INTRODUCTION
The concept of the middle class is intrinsic to much of economic development, yet it appears that much more work needs to be done with it, as the latest Goldman-Sachs study indicates—Dragusanu & Wilson (2008). Rather, there is a prevailing attitude that the middle class is a useful concept that is beyond either definition or quantification. We are attempting to deal with that problem. This paper is the start of a systematic study of the middle class and the factors that promote its creation, development, and maintenance. By looking at data from several countries, we can start to quantify the degree to which different factors help or hinder the growth of the middle class.

One thorny issue that we are not going to attempt now is the definition of the middle class. This, of course, is problematic. Instead, we have chosen countries which most social scientists and economists would agree upon as having no middle class (referred to as under-developed countries), an emerging middle class (or developing countries), or a mature middle class (or developed countries). One of the longer-range goals of our study, then, would be a set of criteria by which a middle class could be recognized, and its advancement quantified.

THEORETICAL FRAMEWORK
If consumption is an engine of growth and of job creation, then it is obvious that it cannot take place unless income is sufficient to support it. Historically speaking, the creation of the middle class is the one that has driven consumption patterns and has led to the reduction of poverty—  Sala-I-Martin (2006). The levels of globalization that we have been observing in the last quarter century have contributed to three distinct phenomena: More than seventy million people are joining the middle class every year; poverty is dropping around the globe; and a new group of countries is being formulated that would render the G-8 group obsolete within the next quarter century—Wilson & Dragusanu (2008), Global Economic Prospects (2007).
From an empirical standpoint, the presence of BRICs (Brazil, Russia, India, China) and the consumption shifts that are being observed there should leave little doubt regarding the above three developing phenomena. The presence of a healthy middle class requires four infrastructures: sociopolitical stability expressed in a rule of law and property rights—Gregg (2007); capital formation via physical structures that advance job creation and mobility—De Soto (2000), World Bank (2006); financial services that facilitate credit, spread risks, and advance assets’ collateralization—Rajan and Zingales (2003); and scientific rationalism (which has as a pre-requisite educational and health standards) that commercializes ideas, and popularizes technological advancements—Bernstein (2004). These correspond to the four infrastructures we will use later in our model.
However, the presence of the above four factors/infrastructures presupposes the functioning of institutions that become the life blood of economic growth.  The infrastructures should function within an institutional framework that allows individuals, families, organizations, and corporations to think, interact and carry their businesses.  The success of a country in most cases is dependent upon developing this framework as opposed to being solely reliant on its natural resources, geographical location, or the physical objects that are available within a particular country. 
Property rights (legal infrastructure) on physical as well as intellectual properties which are respected within a legal framework provide the incentives to be productive. A society can be completely literate and hard-working, but without the freedom to own physical and intellectual property no real progress can be made.  For example, in North Korea the literacy rate is 99% yet its GDP per capita is only $1,900 (PPP), while in Gabon the literacy rate is only 63% but its GDP per capita is $14,100 (PPP).
Scientific rationalism of an educated and healthy society (social infrastructure) functions as the springboard for higher productivity since it supports innovations, knowledge, research, and the application of ideas that make life more enjoyable and prosperous. Bernstein writes that “modern prosperity rides in the cockpit of invention.  Economic growth is virtually synonymous with increased productivity, which in turn is almost entirely the result of technological advance.”—Bernstein (2004).
However, without capital markets and the financial infrastructure good ideas remain just that, good ideas.  The presence of property rights and the ability to innovate are not enough, capital markets are needed to turn these good ideas into real working schemes and products.  The development of secure and reliable capital markets is essential to growth.  Citizens must have an efficient banking system to put their savings into, a system that rewards good ideas and promotes growth. The cost of money is also important, cheap money stimulates business investment and expensive money hampers growth. The sustainment of the middle class presupposes the ability to collateralize assets and to finance endeavors. The establishment of a well-functioning banking and capital markets system reduces risks, advances rewards, and enables persons and companies to materialize their plans which in turn become new assets that could be serve as collateral in the financial system.

Finally, building and sustaining physical infrastructure is a prerequisite for mobility and economic growth.  This infrastructure (an asset by itself) creates jobs, streams of income that could be collateralized (especially in build-operate-transfer schemes), while it enables society to move rapidly products and persons, and to communicate with each other.
All four of these infrastructures are necessary for the creation and sustainment of the middle class which in turn is necessary for the proper function of a democratic society. The absence of even one of these factors may topple the platform upon which the prosperity of a nation rests. None of these infrastructures alone is enough to produce vigorous and sustained middle classes; it takes the co-working of all four in harmony for an economic system to prosper.
A review of the world economy over that last few centuries, similar to the one proposed by Maddison (1995), (2001) should take into account the forces that shape global economic phenomena. At the center of those is the emergence of a middle class that is being supported and supports in turn the four types of infrastructure our paper discusses. Continental Europe’s economic history as well as the evolution of US economic growth is based on the creation and sustainment of a healthy middle class—Atack & Passell (1999); Bernstein (2004.) Even now, during the worst credit crisis of the last 75 years (termed as a Minsky moment), we should revert back to Minsky and understand that it is structural factors that destabilize the middle class which in turn lead to busts, financial crises, debt deflation, and economic instability—Minsky (1986).
We would propose then the following schematic diagram as the theoretical model of our work.    


[image: image5.jpg]


 

Figure 1: Schematic of our theoretical framework.
Recent studies-reviews that exemplify the effects of globalization—Goldberg and Pavenik (2007); Sala-I-Martin (2006) —in reducing poverty and advancing growth, fail to take into account a comprehensive analysis similar to the one proposed by our study.
Infrastructures

It is likely that economists have attempted to quantify the middle class on any number of occasions, but have given up for one reason or another—Wilson & Dragusanu (2008); Banerjee & Duflo (2007). One reason that we are optimistic about being able to examine the middle class is that we are attempting to incorporate multiple factors at once. Our assumption is that a large number of different mechanisms must all be in place, or nearly so, before a middle class can emerge. We have grouped those factors into four categories which we call infrastructures, as previously mentioned. Each of them is important for aspects of the development of the middle class, as will now be explained.
Physical Infrastructure

The physical infrastructure of a country, what is usually called just infrastructure, is widely recognized as being critical for the development of any given country’s economy. Classically, physical infrastructure includes any factor that enables or enhances production without itself being a part of the production. Examples include transportation (roads, bridges, railroads, airports, sea ports), communications (telephone, cell phone, broadcast technologies, Internet), the power grid, and utilities (water purification and treatment, natural gas lines). We did not incorporate all of these in this study, due to its preliminary character.

Probably the premier institution helping countries develop their infrastructure is the World Bank Group. In their latest venture, The Sustainable Infrastructure Action Plan (SIAP) for FY 2009-2011, released in July of 2008, they say:

Since the 1960s, the World Bank (WB or the Bank) has provided substantial assistance to developing countries for basic infrastructure services such as energy, transport, water, and telecommunications.  It is widely recognized that cost-effective, reliable, and affordable infrastructure services are critical for sustainable development, and a necessary condition for reaching economic, social, and environmental goals.

The need for freely available transportation, for example, is equally clearly necessary for the development of a middle class. Large corporations can locate factories where transportation is easily accessible; start-up businesses do not have that luxury, and therefore rely upon, for example, roads in order to move workers, raw materials, and finished products. The same type of argument can be made for communications or any other type of physical infrastructure. The success of such small business ventures is critical to the type of prosperity that promotes best the development of a middle class—Sachs (2008). At the same time we need to keep in mind that the development of infrastructure accomplishes the following objectives which we consider mandatory for economic growth: jobs that lead to income and spending; mobility for persons, and products, and asset formation which in turn lead to capital (physical and financial) formation—World Bank (2006).
Legal Infrastructure

The World Bank has begun to address the legal infrastructure of countries as well. In 2003, Maria Dakolias, then Chief Counsel for the World Bank, said this to the EU Judiciaries Representatives:

And for us at the World Bank [an effective judiciary] is a priority.  We were not always in the business of the rule of law.  For years we concentrated on education, health and infrastructure.  We still do those activities, but we have made the rule of law a vital part of what we do.  And in doing this, it has not made our job easier, it has  made it harder.  Harder in a way that we believe makes our work more useful and overall moves us closer to our goal of reducing poverty around the world.

The World Bank, at that time, had about 500 projects dealing with the rule of law in various countries. The point that she makes is that the ability of people to take advantage of economic opportunities is critically dependent upon a consistent and predictable enforcement of individual and property rights.

In addition, if one country is to be able to interact with others—and globalization is a most helpful part of the development of a middle class, as seen in India and China—a transparent legal system is crucial. Note that it is not as important that the laws be identical across all countries as it is that each country enforce its own laws consistently—Stark (2005).
Mistrust, in either governmental or legal systems, is the most common expression of corruption and lack of transparency. And mistrust leads directly to decreased foreign direct investment as well as decreased incentive of the local populace to take the risks and make the sacrifices essential to their advancement into the middle class.

Social Infrastructure

Two major items fit in this category: healthcare and education. Both are critical to the development of a middle class; a deficiency in either (or both) will delay or prevent the advancement of lower-class people. This is generally acknowledged to be true of education, which in most places in the world is seen to be the best method for promoting a person’s economic situation—United Nations Human Development Report (various years).
Most people view healthcare as a result of prosperity, an effect rather than a cause. However, it is important to realize that lack of healthcare is a highly significant factor in limiting a person’s economic potential. That factor extends far beyond the opportunity cost of illness-related expenses and loss of revenue, though that is often an overwhelming burden on the poor—United Nations Millennium Development Goals (2005). 
In order to compensate for the devastating effects of epidemics and general rampant illness such as malaria, the poor frequently have many children. But then the family has to face the unpleasant reality that not all the children can be educated. The result is that the eldest son, typically, is the only one to receive any schooling. The remaining children are left without this advantage, and forced to remain in the same economic snare that traps their parents.
However, it is well documented that when healthcare is available, family planning naturally limits the average size of families, often allowing more children to be educated—OECD (1980-2004). This reverses the effect of the problems just noted, and brings about the circumstances that permit larger numbers of people to climb out of poverty. It also means that the family no longer has to share into ever-diminishing portions the limited resources that they have and can produce, particularly in agrarian societies. By improving the overall health of the people, better healthcare will increase their lifespan and raises the possibility of extending their productivity. Society as a whole benefits.

Education, as already stated, and the various human capital models illustrate, is the classic means of helping people improve their social position. For many, this will involve vocational training which opens up employment opportunities that had been closed. This not only advances those people, it allows a society to utilize its human capital much more efficiently. As such, the societal impact of the development of a middle class goes far beyond that class itself.

Education also helps improve healthcare. As people begin to learn the principles of modern sanitation and the methods by which diseases can be avoided or cured, the resources available for healthcare can be spread more effectively.

Beyond all those benefits, education overall has the effect of enhancing the utility of every other resource that society has. Healthcare does the same. The two work together synergistically, resulting in the promotion of  conditions by which a society can advance and develop a middle class—Sachs (2005).
Financial Infrastructure

The financial infrastructure is the most obvious one needed for a country to develop a middle class. The establishment of a stable and fluid financial infrastructure within a country can be a tremendous jump start to the well being of a population. Unless various sectors are established, such as trade and manufacturing, domestic economic growth and eventually expansion and investment, become impossible—Sokoloff & Engerman (2000).

Access to financial institutions is scarce among many developing countries, preventing individuals from taking advantage of whatever few assets that they may have. The most popular and productive assets people own is land, although ownership rates differ dramatically from country to country, from 4% of the extreme poor in Mexico to 85% in Panama—Banerjee & Duflo (2007). Without land or other assets, individuals suffering from poverty are unable to partake in the securitization mechanism and pursue growth in their own small businesses, assuming they have some sort of access to credit.
While circumstances are bleak for large portions of the world, the model of a free flow of goods and services across borders provides hope to future global economic prosperity because of the role such a mechanism has played in transforming economies in the past, particularly in Asia. In nations such as South Korea, Singapore, Thailand, among many others, the full package of globalization has allowed for the domestic development of a financial infrastructure—Rajan & Zinagales (2004); Harvey & Lundblad (2001); Obstedfeld (1998).
The most common route for such developing economies is to provide a producing market for manufacturing. But the expansion of such industries does not stop at the construction of a factory. Eventually the appearance of exchanges can be expected as corporations will issue shares to attract new sources of funds and the banking sector starts engaging in the securitization of a growing number of assets. The birth of a financial infrastructure spreads development and future prosperity across a number of sectors and allows for the holistic growth of a society.

As Asian economies, and developing economies in general, seemed to be promising markets for growth and productivity, greater emphasis was placed on these destinations through increases in foreign direct investment (FDI). Data from the United Nations Conference on Trade and Development (UNCTAD) indicates that the same time periods that witnessed the aforementioned increases in manufacturing trade also saw a dramatic rise in foreign investment among countries such as China, South Korea, Malaysia, and Brazil. According to 2005 data from the UNCTAD, the developing Asian economies alone maintained 29% of international trade activity and at the same time received FDI amounts far greater than any other region, to the amount of $260 billion. Comparatively, South American and African economies have received drastically lower amounts of FDI, $45 billion and $35 billion respectively, as well as maintaining a significantly smaller role in global trade, 3.2% and 2.8% respectively. Without surprise, these economies remain less developed. 

A combination of competition from corporations both foreign and domestic and increased opportunities for entrepreneurship create an economy that is dependent upon its ability to translate human capital into unique products and services for stability and prosperity. Rajam & Zingales (2004) refer to this more developed type of system as being based upon “new age assets which have to be continuously renewed by the creativity and toil of the firm’s employees.” In essence, economies move into a financial marketplace where merit and ideas are major factors in creating wealth and driving growth because of a more free flow of ideas, capital, and credit. That is, scientific rationalism precedes and empowers this creation of wealth. Such fluidity and openness in the economy has given rise to a system that is reliant on services for the majority of its productivity, services provided by businesses and corporations both large and small.

A fully developed and fluid financial infrastructure is not only beneficial but also vital to achieve maximal efficiency and wealth. The trend of using such a plan in order to achieve global economic growth has provided significant benefits to the development of economies such as those in Asia but has also furthered advancement in developed economies. Through increasing access to credit for the private sector, small businesses have raised capital and helped drive the national prosperity in their economies. By ensuring the free movement of capital and funds to its most promising areas, formal financial infrastructure strengthens the areas of an economy that optimize its pursuit of wealth and economic well being, and thereby enhances the development of a middle class as well—Bhagwati (2004).
METHODOLOGY

Selection of variables
Since the goal of the research is to determine which factors in the four infrastructure areas would contribute to the emergence of a middle class, the first (and admittedly most subjective) step was to develop an initial list of factors that describe the infrastructure for each country. No attempt was made at this point to eliminate redundancy among the factors since that would be a key step in the algorithm’s validation. The factors used in this preliminary study are given in Table 1 of the Appendix. Note that the algorithm scaled the data by dividing by the maximum absolute value that occurred to prevent the larger-scale factors from overwhelming the smaller-scale factors in the model.
Selection of Countries

Since our purpose was to establish a proof of concept for using the Support Vector Machine (SVM) and a broad scope of infrastructures, we decided that limiting the number of countries would achieve our purpose. We selected a small list of countries that most economists and sociologists would agree have a middle class: the United States, Germany, Japan, and South Korea. We selected a small list of countries that those same people would generally agree have few people in the middle class, but still had proven or likely significant resources for being able to develop one in the near future: Venezuela, Nigeria, Thailand, and Kazakhstan. Those would be the countries used for training the Support Vector Machine (SVM) algorithm, described next. We finally selected a few countries in which a middle class was developing: Brazil, Czech Republic, Malaysia, India, and China. These would then form a basis for testing the algorithm’s validity. We expected that the values generated by the SVM algorithm would lie in between those of the previous two categories, if the algorithm was generally working.
Discussion of Algorithm

The mathematical technique used to determine the significance of the factors was the Support Vector Machine (SVM).  This is a classification method from learning theory that uses a set of input training data {(x1, y1), (x2, y2), . . ., (xk, yk)} where the xi represents vectors of dimension n and the y values are assigned a value of +1 or -1, depending on whether the point is inside a set or not.  For the purposes of this study, the x vectors hold the list of factors that describe the state of a given country that may be characterized as having a middle class (y = +1) or not (y =    -1).  The SVM procedure builds a model from the training data that can be used to classify other countries given their input x characteristic vector. The SVM model with a linear kernel is built by finding the ‘dividing hyperplane’ that separates the points in the training set in such a way that the distance between the two categories is maximized. A clever transformation of the input space and reformulation in the ‘feature space’ reduces the problem to a quadratic optimization problem that has a unique solution—Vapnik  (1995). For the preliminary investigation of the suitability of this method for the given application, linear kernel functions were used in an  SVM-ν variation that allows some flexibility in the training point separation—Chen & Lin & Scholkopf (accessed July 2008).  The linear kernel was chosen because of the limited number of countries in the data set, and because the linear kernel tends to be the worst performer. If this kernel works, then increased data and a non-linear kernel should work much better.
A non-linear kernel will be important as this study proceeds. An example will illustrate the reason. One factor that is critical to the development of the middle class is the extension of credit. People in the lower classes do not have the capital with which to start a business and thereby move to a higher class. The marvelous success of microloans illustrates this point. Therefore, in a linear model, the amount of credit extended would certainly have a positive coefficient. That would imply that as more credit is extended, even greater benefits accrue. But at some point, credit may become overextended, and become detrimental to the middle class. This is arguably a significant factor in what caused the collapse of the middle classes of Argentina and Mexico in the recent past. That means that the extension of credit must, at that point, have a negative coefficient. Only a non-linear approach to modeling the middle class can accommodate both aspects of the extension of credit.
ANALYSIS OF DATA
Initial Run
A comprehensive SVM run of all 13 countries and 28 factors provided a validation case for the technique. The four countries in the developed set and the four countries in the under-developed set combined to serve as the SVM training set to build the model. The set of five developing countries were used as the test set.  Table 2 in the Appendix confirms that the method does accurately predict the categorization of the countries. These data are represented graphically in Figure 1 of the Appendix, where the large vertical line represents the hyperplane that separates the developed and under-developed countries. Note that the SVM algorithm prediction is based upon the sign of the calculated value. It should not be assumed that all the calculated values be at or even near 1. All positive calculations are given a prediction of 1, while all negative calculations have a prediction of -1.
The results of this run confirmed that the SVM technique could differentiate between the developing states of each country. Note first that the predicted values of the countries in the developed set (US, Japan, Germany, and S. Korea) were clearly distinguished from those in the under-developed set (Venezuela, Nigeria, Thailand, and Kazakhstan).  All of the countries in the developing set showed up on the under-developed side of the hyperplane, but they were all closer to the plane than those in the under-developed set with the exception of India which fell roughly at the same position as Kazakhstan. The relative developmental state of India and Kazakhstan is debatable and this positioning by the model is not alarming. Notice also that the relative positions of the countries in each set match the general intuitive expectations. For example, the US is further away from the dividing line than S. Korea and Nigeria is further away than Thailand.
The results of the validation run were encouraging, but not surprising given the numbers of factors used in the hyperplane fit.  A large number of factors can produce a good fit to data for even basic models.  The real challenge of this preliminary study was to attempt to reduce the number of factors in the model while maintaining the utility of the system.  Since the linear SVM technique produces a separation hyperplane, the relative size of the coefficients of the factors composing that plane is a good place to start in finding the significance of each factor.  Table 1 in the Appendix shows the SVM coefficients for each factor used in the full run.
Reduction of Factors

In addition to this coefficient as a measure of significance, the significant factors were confirmed via extensive sensitivity analysis and a linear correlation matrix.  The sensitivity analysis involved varying the parameters individually and observing the amount by which the output changed.  The output of the SVM algorithm was more sensitive to the chosen factors than to the rejected ones.  Another characteristic of a good minimal set of modeling factors is the linear independence of the factors.  The correlation matrix (Table 4) confirmed that most of these factors exhibited little linear dependence.  The only factors that showed significant correlation were in different infrastructures, and each was important within its own infrastructure set. For example, GDP Per Capita and the Corruption Index were highly correlated (r = 0.95), but were clearly measuring different concepts and were important within their own infrastructures, so they were kept in the reduced factor set.  After completing all three steps (SVM coefficients, sensitivity analysis, and correlation matrix) to reduce the factors used in the model, the reduced factors were:  GDP_Per_Capita, Hospital_Beds_Per_1000, Percent_GDP_Spent_on_Healthcare, Spent_on_Healthcare_Per_Capita, Student_Teacher_Ratio, Personal_Credit_Per_DI, and Corruption_Index. (Here, DI is Disposable Income.)
The reduced factors are distributed over the social, financial and legal infrastructure, but no physical infrastructure factor made the reduced set of significant factors.  The exclusion of physical infrastructure factors violates the theoretical model developed for this study; see Figure 1. In fact, the development of physical infrastructure was proposed as a key in middle class development. Other results indicate the importance of physical infrastructure, and we expect that, at least in part, the lack of physical infrastructure could be due to insufficient variables as potential proxies for it.

There are, however, also some technical issues that may have contributed to this discrepancy. The selection of the countries used for the training set has an obvious impact on the results. One country in the under-developed set, Kazakhstan, skewed the results for physical infrastructure. It has an unusually high number of paved roads and railroads for a country in its state of development. These roads are a result of the Soviet era and represent an artificially high contribution to physical infrastructure.

With the utility of the SVM method confirmed for this application, and with a reduced set of factors that appeared to play the most significant role in the output, another SVM model was constructed using the same grouping of nations and the reduced factor set.  The output of this model appears in Tables 3 and 5 and Figure 3, all in the Appendix.
The general performance of the SVM algorithm using the reduced set of variables is encouraging and shows a general feasibility of using this method for this type of integrative study.  The relative positioning of the test countries is similar to the full-factor model and the differences are reasonable given the state of development of these countries. Some weaknesses in the current application appear in this run.  The most glaring error is the shift of South Korea to a slightly under-developed state. A very slight shift in the dividing value would move South Korea back into the developed region without affecting any other country, so this change is not of great concern, and will likely be corrected with a larger set of data.

CONCLUSIONS
This paper is the report of what we viewed as a proof-of-concept attempt for using a multi-factor and linear approach to quantifying the extent to which countries have a middle class. These results seem to indicate that using the infrastructures as we have described and the SVM algorithm is a feasible methodology, and is worth continuing in broadly the same direction.
FUTURE WORK

There is a great deal of further work that needs to be done in this area. But this study will last for a number of years, and specific results are not going to be obtained in the immediate future. However, interim reports will be released as they become available.

First, we can expand the number of countries to include all of them for which we are able to obtain data. At that time, it will be necessary to move from using the linear kernel in the SVM to a non-linear one, such as the radial kernel. The change in kernel by itself will likely lead to a significantly better fit, as explained above.
We also need to continue gathering data to refine which variables are the best proxies for each of the infrastructures. It would be prudent to assume that new variables will emerge as superior to the ones that we used in this preliminary study. Specifically, we will have to gather considerably more variables for physical infrastructure.
We can also look at each of these countries’ historical data and combine this analysis with time series methods. Combining the SVM with time series will involve some potentially tricky problems--such as determining how to adjust parameters at each time step--but some work has already been done on this.

There is also a potential for using this data on various subsets of countries to examine which factors are most important in initiating a middle class and which are important in helping a middle continue to develop at various different stages of growth.

Finally, we intend to look at which factors lead to the demise of the middle class. There are a few examples, such as Argentina and Mexico in the recent past, for which data is available. Of particular current interest is the degree to which overcollateralization and securitization leads to overextension of credit which in turn may lead to the downfall of the middle class.
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Appendix A. Tables. 
	Factor
	Coefficient
	
	Factor
	Coefficient

	GDP_Per_Capita
	0.50148
	
	Age_Schooling_Ends
	0.2462

	Paved_Roads_km_Per_1000
	-0.006637
	
	Percent_GDP_Spent_On_Education
	0.18222

	Railroads_km_Per_100000
	-0.10669
	
	Percent_Budget_Spent_On_Education
	-0.306733

	Water_Access_Percent
	0.03998
	
	Personal_Credit_Per_GDP
	0.18418

	Sewer_Access_Percent
	0.07722
	
	Personal_Credit_Per_DI
	0.38786

	Doctors_Per_1000
	0.24516
	
	Number_Commercial_Banks
	-0.004363

	Nurses_Per_1000
	-0.080151
	
	Banks_Per_1000000
	-0.240108

	Hospital_Beds_Per_10000
	0.59332
	
	Number_Stock_Exchanges
	0.12005

	Percent_GDP_Spent_On_Healthcare
	0.26009
	
	Rate_Of_Public_Debt_Per_GDP
	-0.048256

	Spent_On_Healthcare_Per_Capita
	0.26821
	
	Rate_Of_Money_Supply_Per_GDP
	0.20786

	Literacy_Rate
	0.05426
	
	Percentage_Home_Ownership
	0.14239

	Students_Per_1000
	-0.008127
	
	Judges_Per_100000
	0.06644

	Teachers_Per_1000
	-0.121955
	
	Corruption_Index
	0.38374

	Student_Teacher_Ratio
	-0.217815
	
	Property_Title_Barriers
	0.15168

	GDP_Per_Capita
	0.50148
	
	Age_Schooling_Ends
	0.2462

	Paved_Roads_km_Per_1000
	-0.006637
	
	Percent_GDP_Spent_On_Education
	0.18222

	Railroads_km_Per_100000
	-0.10669
	
	Percent_Budget_Spent_On_Education
	-0.306733

	Water_Access_Percent
	0.03998
	
	Personal_Credit_Per_GDP
	0.18418

	Sewer_Access_Percent
	0.07722
	
	Personal_Credit_Per_DI
	0.38786

	Doctors_Per_1000
	0.24516
	
	Number_Commercial_Banks
	-0.004363

	Nurses_Per_1000
	-0.080151
	
	Banks_Per_1000000
	-0.240108

	Hospital_Beds_Per_10000
	0.59332
	
	Number_Stock_Exchanges
	0.12005


Table 1: Listing of factors used and their SVM coefficients for the testing countries
	Country
	Value
	SVM prediction

	Venezuela
	-1
	-1.000086

	Nigeria
	-1
	-1.200921

	Thailand
	-1
	-0.926015

	Kazakhstan
	-1
	-0.823704

	USA
	1
	1.20751

	Germany
	1
	1.00003

	Japan
	1
	1.20163

	Republic of Korea
	1
	0.22737

	Brazil
	-1
	-0.405854

	Czech Republic
	-1
	-0.051243

	Malaysia
	-1
	-0.739791

	India
	-1
	-0.836284

	China
	-1
	-0.70124


Table 2:  Predicted and actual values for selected countries using all 28 factors.
	GDP_Per_Capita
	0.714789572464213

	Hospital_Beds_Per_10000
	0.641097993317415

	Spent_On_Healthcare_Per_Capita
	0.428933722686567

	Student_Teacher_Ratio
	-0.320816165248328

	Age_Schooling_Ends
	0.271023235918965

	Personal_Credit_Per_DI
	0.520659791513431

	Banks_Per_1000000
	0.419218328213912

	Rate_Of_Money_Supply_Per_GDP
	0.270708484231129

	Corruption_Index
	0.571526328219505


Table 3: SVM coefficients for the reduced nine-factor set.

	
	GDP_Per_Capita
	Hospital_Beds_Per_10000
	Spent_On_Healthcare_Per_Capita
	Student_Teacher_Ratio
	Age_Schooling_Ends
	Personal_Credit_Per_DI
	Banks_Per_1000000
	Rate_Of_Money_Supply_Per_GDP
	Corruption_Index

	GDP_Per_Capita
	1
	0.55534
	0.94607
	-0.89708
	0.75204
	0.89663
	0.34859
	0.76302
	0.94969

	Hospital_Beds_Per_10000
	0.55534
	1
	0.29657
	-0.65333
	0.62846
	-0.43174
	0.07645
	0.23236
	0.61378

	Spent_On_Healthcare_Per_Capita
	0.94607
	0.29657
	1
	-0.83698
	0.68104
	0.92152
	0.49888
	0.79681
	0.88018

	Student_Teacher_Ratio
	-0.89708
	-0.65333
	-0.83698
	1
	-0.78191
	-0.77988
	-0.3681
	-0.67548
	-0.92221

	Age_Schooling_Ends
	0.75204
	0.62846
	0.68104
	-0.78191
	1
	0.7769
	0.50978
	0.36831
	0.73437

	Personal_Credit_Per_DI
	0.89663
	-0.43174
	0.92152
	-0.77988
	0.7769
	1
	0.76691
	0.85849
	0.82913

	Banks_Per_1000000
	0.34859
	0.07645
	0.49888
	-0.3681
	0.50978
	0.76691
	1
	0.3059
	0.24898

	Rate_Of_Money_Supply_Per_GDP
	0.76302
	0.23236
	0.79681
	-0.67548
	0.36831
	0.85849
	0.3059
	1
	0.6976

	Corruption_Index
	0.94969
	0.61378
	0.88018
	-0.92221
	0.73437
	0.82913
	0.24898
	0.6976
	1


Table 4: Correlation matrix for the reduced nine-factor set
	Country
	Value
	SVM prediction

	Venezuela
	-1
	-1.229966

	Nigeria
	-1
	-1.371141

	Thailand
	-1
	-0.98505

	Kazakhstan
	-1
	-0.794301

	USA
	1
	1.58188

	Germany
	1
	1

	Japan
	1
	1.03497

	Republic of Korea
	1
	-0.02641

	Brazil
	-1
	-0.593835

	Czech Republic
	-1
	-0.338228

	Malaysia
	-1
	-1.126327

	India
	-1
	-1.20423

	China
	-1
	-1.064977


Table 5:  Predicted and actual values for selected countries using the reduced nine-factor set.
Appendix B. Remaining figures.
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Figure 2:  Graphical representation of separating hyperplane and selected countries for the full factor set.  The vertical line separates the developed from under-developed countries.  The code is US (U), Japan (J), Germany (G), S. Korea (S), Venezuela (V), Nigeria (N), Thailand (T), Khazakhstan (K), Brazil(B ), Czech Republic (Z ), China (C), Malaysia (M) and India (I)
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Figure 3:  Graphical representation of separating hyperplane and selected countries for the reduced nine-factor set.  The vertical line separates the developed from under-developed countries.  The code is US (U), Japan (J), Germany (G), S. Korea (S), Venezuela (V), Nigeria (N), Thailand (T), Khazakhstan (K), Brazil(B ), Czech Republic (Z ), China (C), Malaysia (M) and India (I)
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